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Preface 


The first edition of this book was written by Professor 
T. J. Mackie and Dr J. E. McCartney more than 70 
years ago as an Introduction to Practical Bacteriology. 
The twelfth edition, published in 1973-75, was in 
two volumes with Cruickshank, Duguid, Marmion 
and Swain as editors. Volume | dealt with microbial 
infections, and Volume 2 described the practice of 
Medical Microbiology. The two volumes diverged in 
the thirteenth edition. Volume 1 remained as a teach- 
ing text for medical microbiology, and Volume 2 was 
developed separately as a practical manual under 
the title of Mackie & MacCartney: Practical Medical 
Microbiology. The textbook tradition of the former 
Volume 1 has continued successfully with the publi- 
cation of Medical Microbiology under the editorship 
of Professor David Greenwood, Dr Richard Slack 
and Dr John Peutherer. Meanwhile, the present text 
endeavours to keep faith with the aims of the original 
editions of Mackie & McCartney as a manual to 
be used at the bench in the clinical microbiology 
laboratory. 

The decision to produce a fourteenth edition was 
taken against a background of substantial change in 
the role of medical microbiologists, increasing auto- 
mation of laboratory techniques, and changing pat- 
terns of laboratory organisation dictated by economic 
stringency — all factors likely to impact on the orien- 
tation and relevance of a practical Jaboratory manual. 

The last 10 years have seen an increasing use 
of commercially prepared, ready-to-use media, kit- 
based speciation of isolates, and an increasing use of 
EIA-based assays for detection of microbial antigen 
and antibody. The trend will probably be accentu- 
ated as kits become available for microbial detection 
by gene amplification techniques which also incorpo- 
rate effective safeguards against cross-contamination 
from other specimens or extraneous amplicons. 

The increasing introduction of automation and 
computer-controlled systems tends to reduce the 
numbers of broadly-trained microbiologists required 
to ensure comprehensive laboratory investigation of 


the patient and interpretation of the results. Political 
and commercial pressures encourage governments 
and administrators to place further emphasis on the 
use of less skilled laboratory assistants to maximise 
profit margins associated with high-volume auto- 
mated tests consolidated in multidisciplinary labo- 
ratories. These trends place a lower premium on 
in-depth microbiological training. Again, accredita- 
tion of microbiology laboratories, a desirable advance 
in itself, has elevated the status of locally-prepared 
laboratory procedures manuals; and this, combined 
with the product information for assay kits, may alter 
the utility of practical textbooks. Nevertheless, we 
feel strongly that an up-to-date comprehensive text 
remains an essential resource for reference, test 
interpretation and training. The production of a book 
of this type is quite uneconomic for contributors, 
editors and for their institutions. It is offered prima- 
rily as a service to the discipline of microbiology 
and in the hope that it will in fact be relevant to the 
changing circumstances of the discipline. 

Against this background, we took account of 
assessments of the thirteenth edition, and we solic- 
‘ted views about that edition from a number of 
leading microbiologists in the United Kingdom and 
Australia. This yielded much stimulating informa- 
tion, sometimes conflicting but most constructive, 
and we are infinitely grateful for the input. Particular 
gaps identified were the use of computers in the 
microbiology laboratory, the application of molecular 
biological techniques in microbial diagnosis and 
aspects of practical helminthology. New chapters on 
these topics have been included in this edition. 

The layout of the book has been entirely rede- 
signed and rationalized. Many new authors have 
been recruited, and each chapter has been rewritten 
and brought up to date. 

We acknowledge the generosity of past contribu- 
tors who stood down on this occasion, and we ap- 
preciate the industry and commitment of the team 
that has made the present edition possible. We owe a 
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special debt of gratitude to Professor James Duguid 
who has done so much work on our behalf. He 
has been a constant adviser. He has contributed very 
significantly to much of the text — and not simply 
to those chapters that acknowledge his authorship — 
and-he has been responsible for a great deal of the 
meticulous preliminary editing and coordination of 
many chapters. J. P. Duguid has been associated with 
Mackie & McCartney since its ninth edition in 1953. 
He feels that he should now leave the stage and stand 
down as a named editor. 

As before, general methods are described at the 
end of the book, but we continue our practice of 
having specialized procedures detailed in Methods 
sections within chapters on the organisms to which 
they apply. References in the text of a chapter to pro- 





cedures given in its Methods section are indicated by 
an asterisk (*). Abbreviations and conversion factors 
for measurement units are given in Appendix 1. 
Postal regulations relating to pathological specimens 
and cultures are outlined in Appendix 2. Manu- 
facturers and suppliers of equipment and reagents 
are identified by key words in the text, and their 
addresses are given in Appendix 3. We are grateful 
to Mr William Marr for much work in compiling and 
updating this list. 

Our thanks are due to Mrs Joan Collins in Edin- 
burgh and Mrs Julie Maylin and Mrs Charli Bayley 
in Adelaide for invaluable secretarial help, and to 
our publishers for their excellent cooperation. 


The Editors, 1996 


CONVENTIONS FOR TABLES 


An attempt has been made to standardize the use of 

| symbols in tables throughout this book; exceptions | 
are detailed in the table footnotes or key. The time of 
incubation for biochemical tests may be assumed td 
be 24h unless otherwise specified in the footnotes 
or in the text of the appropriate chapter. In general, 
the following symbols are used: 


Noi W Wa 


result not given 





most strains positive (usually 90% or more) 
most strains negative (usually 90% or more) : 
some strains positive, some negative 

most strains weak positive 
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Organization of the clinical bacteriology laboratory; 


quality assurance 


J.P Duguid J. G. Collee A. G. Fraser K. W. Aikman 


This chapter deals with aspects of laboratory 
management, particularly in relation to clinical 
bacteriology. The organization of a clinical virology 
laboratory is referred to in Chapters 38, 39 and 40. 
The main work of a clinical microbiology laboratory 
is to examine specimens from patients for the pres- 
ence of potentially pathogenic microorganisms, to 
detect antibodies to such organisms, to determine the 
sensitivities of infecting organisms to antimicrobial 
drugs, and to assess the infective potential of environ- 
mental materials. The purpose is quickly and eco- 
nomically to obtain information that will (1) help 
clinicians to treat their patients and (2) assist public 
health officers to prevent the spread of infection 
in the community. The primary role is to serve the 
needs of clinical and preventive medicine, rather 
than the advancement of microbiological science. 
However, subject to these priorities, there is also 
an obligation to record and investigate new facts 
encountered in the course of the work. 

How far should we go in our investigations? As 
most laboratory staff have been trained im micro- 
biology as a science, and many of them also in re- 
search, they may tend to regard the examination of 
a specimen as a research exercise and seek to obtain 
results with the precision and certainty required 
in research. A patient’s interest is generally better 
served by an ‘early report of the provisional iden- 
tification of a potential pathogen, and its probable 
antibiotic sensitivities, than by a delayed report with 
a precise and confirmed identification. Speed of 
reporting is often more important than absolute 
certainty based on a complex analysis. In particular 
circumstances, however, detailed identification of 
an infecting organism may be required as a guide to 
clinical management or as a help in epidemiological 
tracing. 

It is difficult to determine the choice and sequence 
of tests to be applied to each category of specimen, 
how far the search for pathogens should be pressed, 
how far isolates should be characterized, the proper 


balance between economy of labour, speed of re- 
porting and precision of results, what patterns of 
nomenclature and phrasing should be used in re- 
ports, and what new methods should be introduced 
to exploit advances in medicine and science. 

The service should be provided economically and 
the work should be cost-effective. Laboratory staff 
should not be overloaded by requirements to under- 
take unnecessary procedures lest their enforced hurry 
should cause them to make mistakes in the essential 
investigations. If there are sufficient resources, some 
applied research can be done on the materials re- 
ceived in a clinical laboratory. The projects should 
be carefully planned, with defined objectives, and 
should generally be done prospectively and separately 
from the routine diagnostic work. 

In addition to their main task of providing helpful 
reports on submitted specimens, the staff should 
take steps to inform all potential users of the service 
about the range of investigations available, the supply 
of specimen containers, the procedures for collecting 
specimens and the arrangements for transmitting 
them to the laboratory. They should also be prepared 
to give advice on the type of investigations that might 
be helpful in the diagnosis of particular cases and on 
the interpretation and significance of findings. They 
should identify findings that require urgent referral, 
e.g. by telephone, to the clinician or public health 
officer and they should be prepared to advise on 
antibiotic treatment and preventive measures when 
the recipient of a report may fail to draw the proper 
conclusions. Other duties of senior staff include 
advising on the investigation of outbreaks of infec- 
tion, preventive measures to be taken in such out- 
breaks, procedures for the control of hospital 
infections and procedures for the sterilization and 
disinfection of surgical and medical equipment. Staff 
should also take part in the in-service education 
of various categories of health service personnel in 
matters relating to the occurrence, diagnosis and 
prevention of infection. 
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STAFFING 
pr iceieelieNee i Be me eg 
The staffing of a clinical bacteriology laboratory 
will vary with the nature and extent of the clinical and 
preventive services it supports and the availability of 
finance and accommodation. In Britain, a micro- 
biology laboratory serving the needs of the hospitals, 
public health authorities and family doctors of a 
population of about 250 000 will commonly receive 
about 150 000 specimens a year. Its staff may include 
three senior ‘career-grade’ graduates, ¢.g. two trained 
in medicine and microbiological science (Consultants) 
and one non-medically-qualified scientist trained in 
microbiological research (T op-grade or Principal- 
grade scientist). There should also be one or two 
medical or science graduates in the training grades 
that lead to the senior posts. 

The largest group of staff, e.g. about 20, will be 
Medical Laboratory Scientific Officers (MLSQOs) 
with either university degrees in science or technical 
college qualifications. In the UK, these might include 
a Senior Chief MLSO in charge of the technical staff, 
three to five Chief or Senior MLSOs, ten qualified 
Basic-grade MLSOs and about five Junior. MLSOs 
in training. There will also be five to seven Jabora- 
tory aides (cleaners, porters and glassware cleaners) 
and about four to five clerical staff who produce, 
issue and file copies of reports. 

Medically qualified staff have a special role in 
organizing the laboratory work in the way best 
adapted to serve the needs of clinical and preventive 
medicine, in determining the kinds of examinations 
to be made on particular specimens and in deciding 
the content of reports. They are also qualified to 
give advice on the interpretation of results and on 
problems of diagnosis, prevention and treatment, 
and to appreciate the implications of advances in 
medicine for the kind of investigations the laboratory 
should be prepared to undertake. 

Research-trained scientists have a special role in 
introducing and evaluating new tests and procedures, 
and in establishing systems of internal quality con- 
trol. They are qualified by their training, their 
familiarity with current literature and their habit of 
communication with other scientists to appreciate 
the implications of advances in science for laboratory 
technology. 

Technical staff perform most of the procedures 
at the laboratory bench. They become highly pro- 
ficient in these procedures and experienced in the 
most efficient way of organizing work at the bench. 
Senior technical staff have a major responsibility for 
day-to-day control of the technical work, and for the 
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recruitment, training and discipline of the technical 
team. They generally also have a responsibility for 
the maintenance of equipment, laboratory safety and 
the ordering and control of supplies, and for various 
aspects of quality control (see below). 

While the greatest use should be made of the spe- 
cial skills of each category of staff, there should be 
no unnecessarily rigid demarcation of their duties. As 
far as is practicable, staff in the different categories 
should work side by side and learn as much as 
possible of each other’s skills and knowledge. Thus, 
medically qualified staff should become technically 
proficient in the common bench procedures so as to 
gain a full understanding of relevant scientific train- 
ing and management issues. Scientific and technical 
staff should acquire from their medically qualified 
colleagues as great as possible an understanding of 
the medical relevance of their work, so that when 
medically qualified staff are absent, they may under- 
take reporting and advisory.duties within agreed 
limits of competence. Flexibility, co-operation and 
goodwill among the different categories of staff are 
essential for the efficient performance of work in a 
clinical Jaboratory, 


MANAGEMENT 


There has been controversy about the form of 
management of clinical laboratories, whether there 
should be an appointed director of the laboratory or 
a consensus management by a laboratory committee 
representing all categories of staff, and whether, if 
there is a director, he or she should be medically, 
scientifically or technically qualified. 

Traditionally in Britain a director of the labora- 
tory has been appointed by the employing health 
authority and made responsible for all aspects of the 
running of the laboratory, including standards of 
performance, expenditure and control of staff 
Though formerly such appointments were perma- 
nent, employers may now retain the right to transfer 
the headship from time to time. As the running of a 
clinical laboratory requires the making of many 
immediate decisions, management by a committee 
seems wholly inappropriate. There should be a 
director who can make decisions without delay. He 
or she should, however, determine policies after wide 
and frequent consultation with senior members of 
the different categories of staff, taking advantage of 
the special skills and experience of each, and those 
consulted should be assured that their expert views 
and advice are effectively taken into account. A 
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laboratory committee may usefully serve as a means 
of consultation, but the director should have the 
responsibility for making the final decisions. 

The day-to-day management of a clinical labora- 
tory includes much that the director can delegate 
to other senior staff. Generally, he or she should 
delegate to the head of the technical staff most of 
' the managerial work relating to the allocation of 
duties to technical staff, the recruitment, training 
and discipline of technical staff, laboratory safety, the 
maintenance of equipment and buildings, and the 
ordering of supplies. The senior in charge of a section 
is responsible to the chief hospital scientist or 
chief technician in the microbiology laboratory, and 
through him or her to.the medical director or con- 
sultant in charge of the laboratory as a whole. Simi- 
larly, responsibility may be delegated for supervising 
the quality control of test procedures to a senior 
member of the scientific staff. 

The key area of mariagerial decisions, to which the 
director must give the greatest personal attention, 
concerns the strategy and organization of the service: 
how the work is to be deployed among the different 
sections of the laboratory, the duties to be under- 
taken by the different categories of staff, the kinds 
and sequences of examinations to be done on the 
different categories of specimens, the arrangements 


for determining the content and wording of reports, - 


and the arrangements for reporting urgent results 
and proffering advice to clinicians. The director, 
with the agreement of relevant senior staff, must also 
‘ decide when new methods are to be introduced and 
old ones discarded. 

As such decisions require a balanced assessment of 
clinical usefulness, scientific reliability and economy 
of resources, and an understanding of continuing 
advances in medicine and science, it is preferable 
that the person appointed to direct a laboratory 
should be qualified in both medicine and micro- 
biology, and trained in the methods and practice of 
scientific research. If no one with this combination 
of qualifications is available, the person appointed 
as director must be supported by advice from staff 
and other colleagues having the required special 
knowledge and experience. 


ELEMENTS OFTHE SERVICE 


Guidance to users 


The laboratory should issue guidance to potential 
users of the service in a leaflet or booklet distributed 
to hospital units, medical staff, family doctors and 
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environmental health officers. This leaflet should 
give the address and telephone number of the Jabora- 
tory, the times for the normal receipt of specimens 
and the arrangements for the emergency ‘call-out’ of 
staff out of hours and: the supply of specimen con- 
tainers and request forms. It should also outline the 
range of examinations undertaken in the laboratory 
and describe the correct procedures for collecting 
each kind of specimen from the patients and for 
sending specimens to the laboratory, including the 
safety precautions to be observed with specimens 
likely to contain specially dangerous pathogens. 


Delivery of specimens 


There must be clearly defined arrangements for the 
collection of specimens from users of the service 
and their safe delivery to the laboratory. Collection 
and delivery may be done by the portering service 
within the hospital in which the-laboratory is located, 
and ‘by a special van service from other hospitals, 
clinics and general-practice health centres. Suitabie 
trays or boxes should be provided for safe transport 
of the specimen containers. If specimens are to be 
delivered to the laboratory by mail or courier, the 
postal regulations specifying the types of container 
and packaging must be observed (see Appendix 2). 


Request forms 


Information must be obtained on the request form 
to ensure unequivocal identification of the pauient 
(surname, given name, sex, date of birth, and record 
number for hospital inpatients), and of the sender 
or so-called ‘requester’ (printed name, practice 
address or hospital and ward, telephone number 
and signature). In addition, space 1s provided for a 
description of the specimen (¢.g. clotted blood, 
urine, etc.), the date of onset of the iliness, the date 
of request, the date and time of collection and brief 
clinical information and the provisional diagnosis. 
A space is normally reserved for a laboratory number 
to be entered with a stamping machine or preprinted 
on a label; if the request form is to be used as 4 
worksheet, a space is normally reserved for “labora- 
tory use only’ — perhaps on the reverse of the form. 
Request forms are sometimes designed to be sub- 
mitted in duplicate so that one copy can be used at 
the bench and the other kept fair, though this may 
be inconvenient for users when adhesive labels are 
used for patient identification. There may be benefits 
to the user if the design of request forms for the vari- 
ous different laboratory disciplines is co-ordinated, 
so that patient and requester information 1s pro- 
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vided in a standard way (potentially on pre-printed 
labels). 

The forms should be so designed that the sub- 
mitting clinician gives all of the information needed 
by the laboratory staff to determine the nature and 
range of tests to be done. The clinical information 
will also influence the interpretation of the laboratory 
findings. 

The request form should specifically seek details 
of the type of examination requested, with notes on 
the patient’s occupation, history of recent foreign 
travel, relevant immunizations and any antibacterial 
therapy or prophylaxis. Sadly, there is much care- 
lessness in submitting specimens with inadequate 
information and this markedly reduces the value of 
the report in many cases. 


Reception of specimens 


For safety, the reception of specimens should be 
done in a room separate from the reporting office and 
the working laboratories. ‘The reception staff must 
be trained in the appropriate safety precautions and 
must know the procedures to be followed when 
leaking or contaminated containers are received. 

Specimens are normally unpacked, matched with 
the appropriate forms and ‘booked in’. This links the 
patient’s identity and relevant data with the specimen 
and it records the date and time of receipt of the 
specimen. A laboratory serial number is allocated 
and printed on several adhesive labels that are 
attached to the specimen container and the request 
form. Spare labels may accompany the specimen 
for use in the laboratory to identify plates, tubes, etc., 
used in the investigation. The specimens, with their 
request forms or worksheets, are distributed to the 
sections of the laboratory in which they are to be 
eXamuned., 

The computerization of laboratory reporting is 
now well established in many laboratories. Here, the 
booking-in process is done by entries into a computer 
file, and the computer may then be used to generate 
worksheets (see Ch. 2). 


Safety in the reception area 


This is a most important consideration. It is dealt 
with in Chapter 3 and in the virological chapters 
of this book (specifically, see Ch. 38 where the 
special hazard of hepatitis B is noted). Staff receiving 
bacteriological specimens are also at risk from viral 
: pathogens, in addition to bacterial hazards that 
range from streptococcal infection and tuberculosis 
to typhoid and dysentery. Accordingly, staff working 
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in specimen reception areas must be aware of these 
hazards and must be competent to cope when 
accidentally broken containers are received, 


Work sections of the laboratory 


As so many specimens are received each day, they 
are normally divided among different groups of staff 
working in different rooms. First, the specimens are 
consigned to bacteriology or virology, though some- 
times investigation by both sub-disciplines is called 
for (see below). Usually one or other of two methods 
of sub-division, or a combination of the methods, 
is used: 


Method |. All specimens of all kinds received from 
a particular user group, e.g. a selection of clinics, 
hospital wards or general practices, are allocated to 
a given group or section. The advantages of this 
method are that staff have the continuous experience 
of dealing with all kinds of specimens and are helped 
to correlate the results for different kinds of specimen 
received from the same patient. Job satisfaction from 
the varied work and the ability to tailor examinations 
and interpretations to the needs of individual patients 
are features of this approach. 

Method 2. All specimens of a particular kind are 
allocated to a section specializing in the examination 
of that kind. Thus, all specimens of urine might be 
allocated to one section, all specimens of faeces to 
another, all specimens of pus, exudates and cerebro- 
spinal fluid to a third, all serological specimens to a 
fourth, and so on. This method of division has great 
advantages for speed of working, economy of labour 
and reliability of results, and it lends itself to the 
introduction of automated procedures using spe- 
cialized equipment. The staff of the section acquire 
special dexterity in the relevant procedures for their 
kinds of specimen; they are undistracted by the need 
to alter procedures from specimen to specimen, have 
all the required equipment and materials close to 
hand, and can organize their work on a repetitive, 
mass-production basis. Because, however, the range 
of their experience would otherwise be limited, the 
staff should from time to time be rotated among the 
different sections so that they can learn all branches 
of the laboratory’s work. Special arrangements need 
to be made to ensure that the results for different 
kinds of specimens from the same patient are, when 
significant, considered together, e.g. so that identifi- 
cation and sensitivity results for a coliform organism 
isolated both from blood and urine are co-ordinated. 
A useful practice to this end is for the staff of all 
sections to meet together briefly each day to report 
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verbally and discuss any important or puzzling 
findings. 


Choice of tests 


The laboratory should have a carefully considered 
and clearly formulated policy for the selection of 
stains or special microscopy, culture procedures, 
biochemical tests, serological tests and antibiotics 
for sensitivity tests to be used in the examination of 
each kind of specirnen and microbial isolate. 

A balance must be struck between the extra 
precision and reliability of results to be gained from 
the multiplication of isolation methods and identi- 
fication tests, and the need for economy in labour 
and materials. The greatest effort should be made to 
diagnose the more serious infections with epidemic 
potential, but in most infections the use of more than 
two or three methods of isolation is hardly justified 
by the small increase in the probability of detecting 
the pathogen. 

The degree of precision with which microbial 
isolates are characterized should be determined by 
the likely clinical or epidemiological value of a precise 
identification. When commensal bacteria with poten- 
tial pathogenicity are isolated from a hospital patient, 
the clinician generally requires no more detailed in- 
formation than that a potential pathogen is present, 
and the range of its antibiotic sensitivities. Such an 
isolate, therefore, may justifiably be identified no 
further than as, for example, a coliform bacillus, 
non-haemolytic streptococcus, coagulase-negative 
~ staphylococcus or Gram-negative anaerobic bacillus. 
In some cases there is a clinical or epidemiological 
need for full speciation of the isolate, or even for 
its subspecies typing at a reference laboratory, but 
these cases are exceptional. They may be recognized 
by the microbiologist as they arise in the course of 
the daily work, and then be given special attention. 
This selective approach avoids the waste of labour 
and materials incurred in fully characterizing the 
majority of isolates, for which precise species identi- 
fication is umnmecessary. 


Reading of results 


The results of bacteriological examinations usually 
become available in stages on successive days. 
Microscopical observations on stained films may be 
obtained on the day of receipt of the specimen and, 
if significant, be given in a preliminary report to the 
clinician. Taken in conjunction with the clinical 
information on the request form, they may help to 
guide the choice of culture media on which the 


specimen is to be inoculated. The growths in the 
primary cultures are usually observed after overnight 
incubation, i.e. on the second day, when the findings 
help to determine what further identification tests 
and what antibiotic sensitivity tests are to be done 
on subcultures. The results of these later tests are 
generally available on the third day, when the content 
of the final report can be decided. 


General principles 


For some types of examination, for example that 
of urine for significant bacteriuria, diarrhoeal faeces 
for enteropathogens or sera for specific antibodies, 
the sequence of test procedures, the criteria for 
reading the results and the phrasing to be used in 
reports can be clearly defined in a manual of instruc- 
tions. It may then be satisfactory to have the results 
of these examinations read and recorded by technical 
or scientific staff. For specimens such as those from 
the respiratory tract, blood cultures and infected 
exudates, however, where the clinical significance of 
different organisms needs to be assessed in relation 
to the clinical information given about the patient, it 
is preferable that the reading of the primary cultures 
and the determination of reports should be done 
by senior laboratory staff in close liaison with the 
responsible medically qualified bacteriologist. 

Senior staff, both medical and scientific, should 
from time to time take part in reading the results 
for all types of specimens. They should check un- 
expected or anomalous findings and any finding of 
serious Clinical or epidemiological significance, e.g. 
that of the presence of tubercle or typhoid bacilli. 
They should be alert to the possibility of findings 
being the result of mistakes, as by the mislabelling 
of cultures, transfers between the wrong tubes, or 
the use of faulty reagents or contaminated media, 
and should decide when tests must be repeated for 
confirmation of the results. When many examina- 
tions have to be made, even skilled and conscientious 
workers may from time to time make mistakes. Staff 
should be encouraged to recognize and report any 
likelihood of their having made a mistake, and should 
not be made afraid to confess the possibility. 


Wording of reports 


The aim of the clinical microbiologist is to provide 
clinicians and health officers with reports that are 
understandable, instructive, relevant and reliable. 
The laboratory should therefore have a carefully con- 
sidered policy for the wording of reports and all staff 
should adhere to that policy. If different members 
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of staff are left free to choose the nomenclature of 
microorganisms and the pattern of interpretative 
comment for their reports, there is confusing varia- 
tion. The recipients of reports can most quickly 
learn the significance of particular results if they are 
reported consistently in the same terms. 

There are advantages in using the colloquial and 
clinically indicative names of microorganisms rather 
than the formal names, but this is debated. Where 
formal names are used, their frequent changing in 
pursuance of the recommendations of international 
committees of nomenclature. should be avoided. If 
use is to be made of a formal name thought likely 
to be unfamiliar to the report’s recipient, an inter- 
pretative comment should be added. 

The laboratory’s policy for reports should spécify 
not only the wording of interpretative comments, 
but also the circumstances in which the different 
comments are to be made. It should, for instance, 
lay down the circumstances in which the finding of 
coagulase-negative staphylococci in a blood culture 
is to be reported with the comment ‘probably a 
contaminant from the skin’, and without giving its 
anubiotic sensitivities, and the different circum- 
Starices, as in a compromised patient, when the 
finding is to be reported as ‘possibly of clinical sigmifi- 
cance’ and the antibiotic sensitivities given. Similarly, 
the policy should define the circumstances in which 
the: finding of small or moderate numbers of pneu- 
mococci or haemophili in sputum should be reported 
with their antibiotic sensitivities, so implying a prob- 
able clinical significance, and the circumstances in 
which that finding should be reported as probably 
due to contamination of the sputum with organisms 
from the throat, or left unreported. The simple 
phrase ‘No pathogenic bacteria isolated’ may suffice 
if the users are aware of the convention used. 

A policy is also required for reporting the finding 
of acid-fast bacilli in different specimens. Thus, their 
finding in sputum might be reported: ‘Many acid-fast 
bacilli resembling tubercle bacilli seen in film. Cul- 
ture for mycobacteria is in progress.’ However, their 
finding in urine might be reported more cautiously: 
‘A few acid-fast bacilli seen in film which may be 
commensal smegma bacilli. Culture for mycobacteria 
is in progress.’ 

Particular care must be given to the policy for 
the wording of negative reports. These should be 
phrased in such a way as to indicate which pathogens 
were sought and not found. They should not suggest 
that tests had been made for a wide range of patho- 
gens when, indeed, methods for detecting only a 
few types of pathogenic bacteria had been used. The 
uninformed recipient of a report on a throat swab 
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stating ‘No pathogens on culture’ might well imagine 


that a search had been made for every kind of. 


respiratory-tract pathogen, including viruses, myco- 
plasmas and chlamydias, when the specimen had 
been cultured only for pyogenic bacteria. 

If a throat swab from acute sore throat has been 
examined for Streptococcus pyogenes the report might 
properly read: ‘Mixed upper respiratory tract organ- 
isms present. No Streptococcus pyogenes on culture. 
Not cultured for viruses, mycoplasmas and other 
pathogens.’ Similarly, if faeces from simple acute 
diarrhoea has been examined only for salmonella, 
shigella and campylobacter, the report should read, 
‘No salmonella, shigella or campylobacter found’. 
If the users are aware of the range of investigations 
undertaken for certain specimens, the report may 
be limited to ‘No significant isolates on standard 
bacteriological investigation’. 


Issue of reports © 


Various arrangements are adopted for the issue of 
reports. Commonly, the bacteriologist reading the 
tests writes what is to be reported in an abbreviated 
form on the worksheet or, if the request form is 
used as a worksheet, on a reserved space on it, The 
clerical staff who type the report then translate the 


abbreviation into the proper, agreed phraseology. To . 


economize in the labour of typists, short-cut methods 
are often used, particularly in the preparation of 
‘hegative reports’, which may comprise up to 80% 
of the total. Standardized reports may be marked 
with an inked stamp or self-adhesive pre-printed 
label in a reserved space on the request form, or 
a copy of that form, which is then returned to the 
physician as the report. This procedure saves the 
typist the need to copy the patient’s identification 
data as well as the report itself, but greatly limits 
the possibility of further analysis of laboratory data in 
retrospective surveys. 

All the completed reports should be scrutinized 
quickly for credibility by senior staff before signature 
(or authorization) and issue. Anomalous findings 
may sometimes be detected at this stage, or findings 
that require urgent consultation with the physician, 
The signature (or printed name) on the report 
should be that of the director of the laboratory, 
the appropriate medical microbiologist or a senior 
staff member to whom the responsibility has been 
delegated, It indicates who should be approached for 
further information or advice about the investigation 
of the patient or the interpretation of the findings. 

Copies of the reports should be filed in the labora- 
tory for later reference and for response to enquiries. 
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A simple system should be adopted, allowing the 
easy retrieval of recent reports. Reports of long-term 
interest, e.g. those of findings of tuberculous infec- 
tion, should be preserved for many years, but nega- 
tive reports of transient interest may be discarded 
after a few months. With a computerized system the 
information held on each specimen may be limited 
to the final report issued; this may then be archived 
and retained although the detailed tests recorded on 
the request form have been discarded. As the respon- 
sibility for preserving reports of laboratory findings 
rests with their recipients, or the hospital records 
officer, the laboratory needs only to preserve copies 
of reports to meet its Own purposes. 


Computerization of reports 


There are considerable advantages to- be gained 
from the computerization of laboratory reports and 
records, and it is likely that when good systems have 
been wel! proven their use will become general. The 
primary aim should be to substitute the rapid, accu- 
rate operation of a computer for the slow, laborious 
and occasionally inaccurate manual work of clerical 
staff in the booking-in of specimens, the preparation 
of worksheets and reports, and the filing and retrieval 
of records (see Ch. 2). 

It is important that the system adopted should not 
delay or distort the schedule of laboratory work or 
interfere with changes and developments. It should 
be sufficiently flexible to enable the bacteriologist 
to add comments to individual reports and allow 
changes in the laboratory’s policy for the wording of 
reports to be easily implemented. The request and 
report forms and other documentation should be 
designed to permit an immediate reversion to report- 
ing by hand-writing, typing or rubber-stamping 1n 
the event of a computer breakdown. 

Request forms are marked on reception with the 
laboratory’s specimen accession number, and the 
clerical staff enter the patient data and request 
information into the computer file. That file serves 
as a booking-in record and can be obtained as a 
printed list two or three times a day for reference. The 
bacteriologist may enter a report directly into a com- 
puter termina] or mark it on the request form and 
pass the form to clerical staff to enter the report 
into the computer. The computer links the report to 
the patient data through the specimen’s accession 
number and prepares a final copy for issue, when 
duly authorized, through an automatic printer, so 
obviating typist’s work and errors. 

Although its primary role is to minimize the need 
for clerical work in the preparation of reports, com- 
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puterization confers other advantages in the storage 
and retrieval of records. It enables the quick retrieval 
of information about particular patients and the 
rapid production of cumulative reports on them. It 
makes easy the derivation of laboratory statistics of 
various kinds, e.g. the number of specimens of each 
kind or from each different clinical unit received in 
a given period, the number of specimens yielding 


each different species of pathogen, or the antibiotic 


sensitivities of isolates of particular pathogens. 
Trends in infection or in the evolution of drug resist- 
ance can thus easily be monitored and survey data 
can be stored and analysed for service or research 


purposes, 
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THE LABORATORY MANUAL 


A prime responsibility of the director of a laboratory 
is to compile or supervise the compilation of a labo- 
ratory manual of procedures, comprising a collection 
of instruction sheets for the different sections of 
the laboratory. A written set of instructions must be 
available for every test, process or procedure, to set 
the minimum acceptable standard. These instruc- 
tions are now commonly referred to as ‘standard 
operating procedures’ or SOPs; collectively, they 
make up the laboratory procedure manual, hand- 
book, or bench book. The name is unimportant, 
but it is essential that the formal instructions exist 
and are used. The difficulty in microbiology is that 
written methods of how to do tests are not enough; 
we also require documentation relating to what to 
jook for and when, what to report, what sensitivities 
to test and which if any to report, the level of ident- 
fication required, the need for confirmatory tests in 
house or referral to a reference laboratory, etc. It is 
obviously very difficult to cover every eventuality, 
but comprehensive criteria for processing, secondary 
testing and reporting of all routine specimens must 
be covered. The manual should lay down the policy 


- of the laboratory for the kinds and sequence of exami- 


nations to be made on each of the different kinds 
of specimen, the criteria for determining the content 
of reports, and the standardized wordings of reports. 

The adherence of staff to the provisions of the 
manual should be supervised. Reliance on the verbal 
communication of policy on procedures from older 
to newer staff, or from departing to arriving staff 
in sections of the laboratory subject to staff rotations, 
is highly unsatisfactory because it often leads to the 
introduction of unauthorized variations in proce- 
dure, and an important drift in technology may 
escape the notice of senior staff. 
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As the bench procedures to be laid down in the 
manual should be chosen with a view to practica- 
bility, reliability and economy of labour at the bench 
as well as their clinical value and scientific precision, 
the content of the manual should be determined only 
after full consultation with the technical and other 
staff concerned with the work. 

The manual should include details of, or clear 
references to, the methodology of all the tests to be 
used. Much of the hard work of its preparation may 
be avoided if sections of a textbook are acceptable. 
Preferably, copies of relevant sections should be 
reproduced in the manual for immediate reference 
at the bench. The manual should also specify the 
selection and sequence of tests to be applied to each 
different category of specimen, e.g. pus; sputum, 
urine and faeces, including the variations to be 
adopted when the available clinical information 
indicates the need for special or extra examinations. 
For example, the manual might specify that throat 
swabs from persons over 4 years old suffering from 
acute sore throat, for which the request is only 
‘pathogens please’ or ‘culture and sensitivity’, should 
be examined only for Streptococcus pyogenes and only 
by culture on aerobic blood agar plates bearing peni- 
cillin discs for identification and sensitivity testing. 
It might instruct that Vincent’s organisms, candida, 
diphtheria bacilli or other respiratory-tract pathogens 
should be sought only if specifically requested by 
the physician or if the patient data on the request 
form includes certain specific indications of the 
relevant infection. 

The manual should further state the types of 
colonies on primary culture plates that are to be 
picked for identification and sensitivity tests, the 
kinds of tests to be applied to these isolates and 
the criteria for identifying significant pathogens. The 
criteria for including particular findings in reports 
and the phraseology of reports should also be laid 
down. 


ACCOMMODATION _ 





The extent and arrangement of laboratory accommo- 
dation are constrained by what is available in old 
buildings and, in new hospitals, usually to a consi- 
derable degree by financial and architectural con- 
siderations. It is beyond the scope of this book to 
advise on the design of new laboratories and such 
advice should be sought from bodies such as central 
health departments and the Public Health Labora- 
tory Service. Requirements for laboratory safety must 
be taken into account at an early stage of design. 
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Some points of importance merit mention here. 
The accommodation should be sufficient for the 
contemporary volume of work with a substantial 
reserve to provide for a reasonable predicted future 
increase in demand. It should be capable of flexible 
use and rearrangement to meet changed patterns 
of working. Excluding circulation space, corridors, 


.animal rooms, cloakrooms, toilets, etc., about 1000 m? 


of floor space would be required for a bacteriology 
and virology service meeting the present level of 
needs of a population of about 250 000. 

The groups of staff dealing with the main sections 
of general bacteriological work may be accommo- 
dated in separate bays in a large, open-plan labora- 
tory, or in separate adjacent laboratories, The head 
technician supervising the technical staff in these 
laboratories should have a closely adjacent office, 
At least 10 m* of floor space should be available per 
person. In addition to adequate bench areas for the 
orderly, uncramped arrangement of specimens, tests 
and equipment, e.g. 2—3 m of bench per technician, 
and free wall space for floor-standing equipment, 
each laboratory should have sufficient office bays, 
or areas with desks, to enable technical and other 
staff to perform their paperwork away from the 
potentially contaminated benches where the bacterio- 
logy is done. The director and other senior staff wil! 
require separate offices. Corridors and passageways 
should be kept clear and unrestricted by equipment 
or stored materials. 

Special laboratories are required for particular 
functions in bacteriology. A separate room with ex- 
haust ventilated safety cabinets is required for work 
with dangerous pathogens such as tubercle bacilli 
and brucellae that may be transmitted by the air. A 
large room.or group of rooms is required for (1) steri- 
lizing discarded specimens and cultures, (2) washing 
glassware, (3) making and dispensing media, and (4) 
storage of clean glassware and prepared media. 
Arrangements should be made to minimize exposure 
of staff to heat, humidity and noise from the auto- 
claves and glassware-washing machines. The staff 
making and dispensing media should work in a 
room separate from that used for the sterilizing and 
washing. There are advantages in having a room re- 
served for plate pouring, which is kept free from all 
activities liable to raise dust. It should be provided 
with laminar flow dust-free cabinets in which the 
meited agar media can be poured into plates and the 
plates left open to cool and set. 

A large cold room is needed for the storage of 
culture media, poured plates and labile reagents, 
and separate store rooms for chemicals, inflammable 
solvents and general supplies. A small darkroom is 
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| required for fluorescence microscopy. A large office 


with stationery and records stores is required for the 
clerical staff issuing and filing reports and answering 
telephoned enquiries, and the provision of an ade- 
quate staff common room and library minimizes the 
waste of time by staff having to visit a distant hospital 
canteen or library. A special computer room with 
controlled humidity and temperature is desirable 
(unless the laboratory computer system is based on 
centralized hardware located elsewhere). 


It is convenient and time-saving to have most of 
the commonly used equipment such as incubators, 
refrigerators, microscopes and water-baths located in 
the laboratories where the main work is done rather 
than in separate instrument rooms. Exceptions are 
noisy machines such as centrifuges, rotary incubators 
and shakers, which are best housed in a separate 
room. Of all the equipment used in clinical micro- 
biology, most careful consideration is required in the 
choice of autoclaves. Different conditions of auto- 
claving are required for different kinds of materials, 
e.g. discarded cultures, clean glassware and large 
volumes of culture media, and it is necessary to have 
a modern multi-purpose machine that can readily 
and reliably be switched to different cycles of opera- 
tion or to have different autoclaves for each different 
function. 

Expensive, delicate and elaborate equipment is 
now becoming available to perform rapidly and auto- 
matically tests that are slow and sometimes inexact 
by conventional methods. Any decision to install 
such equipment should be influenced by considera- 
tions of cost effectiveness and clinical value and must 
take account of the will and ability of staff to maintain 
the equipment in good working order. 


TRAINING 


Effective training is essential to develop an efficient 
service of a high standard. Structured training should 
be available not only for trainees, but also for new 
members of staff of all grades, whether or not they 
possess formal qualifications, Laboratories do not 
have identical policies and procedures, and even 
the most experienced and highly qualified staff will 
require some assimilation into the ways of a new 
iaboratory. All training should be organized and 
recorded, for the benefit of staff and management. 


In the case of trainees where there is a requirement 
to fill in a formal log book, laboratories can com- 
plement this by having their own training manual to 
suit their needs, laid out in a manner that reflects the 
work and organization of the department. Exactly the 
same can be done for medical laboratory assistant 
(MLA) staff for whom a national training log book 
is available in the UK. 

To maintain a high standard of performance, 
in-house training must be a routine practice for 
the introduction of any new methods, techniques or 
technology, and for all changes to protocols or proce- 
dures. The exact form of training will vary according 
to the purpose, from an explanation or demon- 
stration to a full hands-on session under supervision. 


SAFETY PRECAUTIONS 


Every clinical microbiology laboratory must have a 
defined system for instructing and supervising staff 
in safety precautions as detailed in Chapter 3. Indi- 
vidual risk assessments for all chemicals and proce- 
dures should be made available to staff working 
in each section of the laboratory. The laboratory 
manual or the specific bench manual will contain 
this information or will contain a reference to where 
it is held. 

While the head of the laboratory bears the ultumate 
responsibility for the safety arrangements, another 
senior member of staff may be appointed to act as 
Safety Officer to co-ordinate the arrangements and 
supervise their implementation. An annual safety 
audit should be instituted with responsibility del- 
egated to a senior member of staff in each section 
of the laboratory to ensure that it is done. All staff 
should be offered appropriate immunizations; note 
especially protection against tuberculosis, tetanus, 
hepatitis B, poliomyelitis and rubella, and some staff 
should be trained in first aid and have easy access to 
basic first aid equipment. 


QUALITY ASSURANCE 
Assurance of the quality of all reports must be the 
aim of every member of staff employed in a micro- 
biological laboratory. This is of particular importance 
to the patients concerned, but it is also essential 
for the reputation and continuing status of the 
laboratory and the service that it provides. 

Here we consider the control of microbiological 
procedures from receipt of the specimen until the 
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report is issued. However, it must be borne in mind 
that the quality of a microbiological report is funda- 
mentally dependent upon the quality of the specimen 
submitted. This in turn is influenced by the nature 
and timing of the specimen, the suitability of the 
sampling method and transport, the use of transport 
media, the transit time, and the adequacy of the 
information given to the laboratory staff. The ulti- 
mate benefit of the subsequent report will depend on 
the timeliness of its information to the clinicians. 
Report distribution and delivery systems must be 
efficient, and urgent reports should be telephoned at 
all significant stages of the investigation. Appropriate 
steps must be taken to ensure confidentiality of 
reports, both in the laboratory and during transfer 
to the requesting physician. 


= 


Quality control and monitoring 


As quality control must cover all aspects of every 
procedure within the department, all materials, 
equipment and procedures must be adequately 
controlled. ‘The level of control required varies, de- 
pending on the known reliability of each stage. All 
new introductions require thorough initial evaluation 
before implementation; thereafter, extensive control 
and close monitoring are required before the routine 
level of control is decided. All materials used in the 
laboratory require some level of quality control, 
whether or not they have been controlled by com- 
mercial.manufacturers, and each item of equipment 
requires quality control checks. Validation of the 
department’s quality control procedures depends 
upon regular monitoring of the quality control 
records for equipment and materials, This will ensure 
that the quality control checks are made and that 
the results are of an acceptable standard; any varia- 
tions or trends can be identified and acted upon 
promptly. A prerequisite of monitoring is meticulous 
and comprehensive record keeping. 


Assessment 


When a comprehensive departmental scheme of 
control and monitoring is in place, assessment should 
take place to evaluate the suitability of the controls 
and the adequacy of the procedures. In Britain, this 
will incorporate all of the relevant checks laid down 
by the National External Quality Assurance Scheme 
(NEQAS) appropriate for the range of examinations 
carried out.in the laboratory. An internal quality 
assessment scheme will complement and, where 
necessary, supplement the NEQAS schemes. 
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External and internal assessment 


External quality assessment 


Laboratories must take part in all of the national 
external quality assurance schemes, such as NEQAS 
in the UK, relevant to the range of examinations 
that they do. In Britain, if you are willing to do 
and report a particular examination on a patient’s 
specimen, you must take part in the relevant NEQAS 
scheme. Accreditation actually requires this to be 
done. | 

The NEQAS schemes are neither punitive nor 
competitive. For laboratories to derive the full edu- 
cational benefit from the test specimens, these must 
be processed as routine specimens. They must be 
assessed only on the basis of the information given, 
and must receive the exact treatment throughout 
that the department’s policy on processing and re- 
porting lays down for the particular type of specimen 


submitted and the information supplied. The exami- - 


nation and testing must at all stages be done by the 
staff routinely involved. 

Improvement in performance requires analysis of 
the work done on the NEQAS specimens by checking 
the record of the treatment, processing and reporting 
of the specimen. Any problems identified should be 
investigated and corrected. 


Internal quality assessment 


Every laboratory should have an internal quality 
assessment scheme. This can range from the regular 
distribution of simulated specimens for all sections 
and benches covering a comprehensive range of 
potential findings, to occasional targeting of specific 
problem areas or sections where changes have taken 
place or where anxieties are evident. 
‘There are numerous benefits: 


1. All sections and bench teams can participate 
regularly. 

2. There can be regular examination of rare and 
unusual pathogens. 

3. Problems with QC, IQA or EQA can be noted 
and resolved. 

4. Changes to media, equipment and procedures 
can be assessed. 

5. The efficacy of communications and training 
can be evaluated. 

6. Various sections and bench teams can be 
compared. 

7. Awareness and competence of staff can be 
assessed. 


SS: Sa 
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8. New tests, procedures and equipment can be 
checked. 

9. The influence of arrival time and weekday of 
receipt of specimens on processing efficiency can be 
judged. 

10. Reporting practices of different operators and 
teams can be compared. 


Specimens for internal quality assessment can be 
simulated specimens, similar to those supplied by 
NEQAS but delivered in the laboratory's normal! 
containers or transport media. For this, the labora- 
tory will require a stock of cultures including typical, 
atypical, fastidious, resistant and other unusual and 
interesting strains. 


Assurance 


When comprehensive contro] measures and relevant 
assessments are in place, a laboratory can claim a 
level of assurance. Laboratories should aim for the 
highest level reasonable in their circumstances, and 
should then maintain that standard consistently. 


Quality assurance (QA) can be seen as the sum of 


quality controls (QC), internal quality assessment 
(IQA) and external quality assessments (EQA): 


QC + IQA + EQA = QA. 


The level of assurance achieved depends on the level 
of effort put into quality controls and internal quality 
assessments. External quality assessmént puts the 
staff of a laboratory on their mettle and can have a 
significant effect on the level of assurance. 


Audit 


The quality of different aspects of the laboratory 
service should be assessed regularly. The term audit 
implies that, after the results of a survey have been 
assessed, ways of making improvements are idenu- 
fied and implemented. The audit loop is then closed 
by repeating the survey to demonstrate that improve- 
ment has actually been achieved, and future cycles 
of audit will demonstrate whether standards are 
maintained and perhaps further improved (Fig. 1.1). 
Internal audit assesses aspects of the service that are 
the direct responsibility of the laboratory. Labora- 
tories should also play a part in the wider medical 
audit process to assess the overall quality of clinical 
care in co-operation with clinical colleagues. National 
accreditation schemes operate in the laboratory disci- 
plines in Britain to ensure that defined standards are 
met and these are independently confirmed by peer 
review. 
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1. Observe practice 


2. Choose specific area 
for audit 


7. Re-assess 
6. Implement change 


5. Decide changes 
in Structure/Process 


3, Set standards 


4. Compare practice 
with standards 





Fig. 1.1 A diagrammatic representation of the audit cycle. 


Although there is inevitable overlap between vari- 
ous components of quality assurance and assessment, 
the importance of audit is that practical steps are 
taken to implement improvements, to monitor them 
and to sustain and supplement them. As audit re- 
quires a systematic and open assessment of a specific 
aspect of a laboratory’s practice, in order to deter- 
mine the laboratory’s effectiveness in achieving the 
purpose of that aspect, the procedure is demanding 
for all concerned. It calls for the full co-operation 
of all staff and a willingness to offer and to accept 
objective statements on the quality of the service as 
judged against defined standards. 

Lilleyman has summarized the object of the 
exercise as ensuring ‘the right result, from the right 
test, done for the right reasons, on the night speci- 
mens (from) the right patient, with the right inter- 
pretation to the right clinician, at the right time and 
at the right cost’. In practice, this involves internal 
and external quality control of the benchwork, peer 
review of clinicians’ use of laboratories, with inter- 
clinician comparisons, surveys of the efficiency of 
transmission of specimens and subsequent results, 
and an assessment of the relevant financial control 
and management systems. 


Criteria for choice of a specific area for audit 


Questions that might be asked in this context 
include: 


1. Is the chosen area relatively important, for 
example in relation to the use of resources or to the 
significance of the outcome? 
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2. Is it common enough to make the assessment 
worthwhile? ; 

3. Can it be readily defined and measured? Will 
it be easy to collect the relevant data? 

4, Will it be easy to agree on an appropriate 
standard? 

5. How amenable is the structure/process to 
change? 


Scope of audit 


Aspects of clinical microbiology that might be 
considered for audit include the following: 


Administration 
Management arrangements 
Personnel and training 
Building and equipment 
Health and safety 
Quality control 


Specimen control 
Appropriateness 
Quality 
Transmission arrangements 


Processing and reporting 
Efficiency and speed 


Chnicians’ iuse of the service 
Appropriateness of requests 
Influence of laboratory results on clinical 
outcome 
Inter-clinician comparisons 
Identified problems 
Perceived value of the service 


Participation with others in medical audit 
Random case-notes audit 
Audit of complications and deaths 
Topic audits 
(Be aware of audit projects of other teams) 


Audit of antibiotic usage 
Clinicians’ use of antibiotics 
Audit of adverse events 
Antibiotic policies and monitoring of 
compliance 
Financial audit 


Infection control 
General and specific incidence and 
consequences of nosocomial infections 
Specific infection control procedures 
Infection control policies and monitoring of 
compliance 
Financial audit 
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Peer review of the service 
Investigation protocols 
Treatment and prophylaxis protocols 
Case reviews of the investigation and 
management of specific outbreaks 
Review of selected cases with significant 
microbiological involvement, 


Note. This list is not exhaustive. Many other initia- 
tives may be developed with audits to promote the 
rational use of laboratory tests and to improve the 
performance or use of any of the many components 
of a laboratory service. In the UK, The Royal College 
of Pathologists has posed-four relevant questions to 
be considered in this context: 


1. Is the repertoire of investigations offered ap- 
propriate to the service required, and is the-service 
strategically and professionally directed by a (prop- 
erly qualified) consultant or consultant equivalent 
in the relevant specialty? ' 

2. Is the service capable of producing the correct 
result from each test in its repertoire repeatedly and 
reliably and delivering the result in the appropriate 
time to the requesting clinician? 

3. Does the service have the ability to provide 
immediate expert clinical advice on the appropriate- 
ness of tests, the samples required, the interpretation 
of abnormal results (expected and unexpected) and 
advice on further investigations or therapy that might 
be needed for any given patient? 

4. Do the professional staff keep up to date with 
new developments and can this be demonstrated? 


Turnaround times 


Turnaround times are important to laboratories 
competing for contracts and accreditation. Clini- 
cally, the value of many reports is dependent on 
their timing. In the case of urgent reports of findings 
which will be telephoned at all significant stages, and 
certain findings which departmental policy dictates 
should be telephoned, the relevant specimens are 
processed as efficiently as possible while the clinician 
and the patient are assured of getting all important 
information without delay. However, the major part 
of a laboratory’s workload relates to specimens that 
are processed on a batch basis. 


Quality control of materials 


All materials used in the laboratory require some 
level of quality control. Many materials produced 
within the laboratory will be made up entirely of 
constituents which have been quality controlled by 
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the manufacturer, but end products must be treated 
as in-house products and quality controlled accord- 
ingly. This is required because. they will have been 
processed to some extent in the laboratory; even if 
the individual constituents are satisfactory, this does 
not invariably guarantee that an end product will 
perform to the standard expected. 


in-house produced culture media 


All media must first be visually assessed for accept- 
able appearance. Variations from normal in this 
context may be attributable to errors in pH adjust- 
ment, over-heating, omission of an ingredient (or 
an inadvertent addition), inaccurate measurement of 
weights or volumes, and contamination. A medium 
that looks abnormal must not be used. 

The physical properties should be as normally 
expected. Any obvious change, for example in gel 
strength, indicates a serious deviation from the norm, 
and the medium should not be released for use. 


Sterility 


Sterility contro) is a fundamental check for any 
medium. The level of contro] depends upon the 
type of medium. A medium that is prepared, 
dispensed then autoclaved, will require only one 
unit to be incubated overnight as a check of sterility. 
Media consisting of various non-sterile products, 
i.e. blood, serum, glucose, antibiotics, any other 
heat-labile or non-filtrable solutions, that may then 
require aseptic dispensing, would require strict steril- 
ity control up to a level of incubation of the entre 
batch for 3 days; if detected contamination exceeds 
10%, the whole batch should be discarded. 

Sterility testing of media is generally carried out 
at 37°C, which is logical since this 1s the temperature 
most commonly employed in clinical microbiology; 
however, it is often worthwhile to incubate units of 
media at lower temperatures. The most convenient 
way to do this is, after overnight incubation at 37°C 
and examination of the media, to incubate at a lower 
temperature such as room temperature for a further 
24 hours. 

All fluid media should also be subcultured after 
incubation to demonstrate sterility. 


Performance 


The performance of a prepared medium must also 
be assessed before it is released for use. ‘Testing must 
reflect the use of the medium, and the test organisms 
must reflect the likely range encountered in actual 
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use. Incubation temperatures, times and atmospheric 
conditions must also be the same as in routine usage. 
This means in many cases that more than one unit 
of medium will require testing. 

The selection of organisms for performance testing 
will aim to demonstrate that the medium does what 
it is expected to do. Thus, blood agars will be seeded 
with a variety of test organisms,-both aerobic and 
anaerobic, which will not only exhibit satisfactory 
growth but also their typical colonial morphology 
and typical characters such as haemolysis; some of 
the test strains should be extremely sensitive to ant- 
microbial substances so that any contamination or 
carry over of such substances is detected. Selective 
media must be tested for the satisfactory inhibition 
of normally encountered flora that requires suppres- 
sion; for example, enteric media will require testing 
to show growth of the sought pathogen or pathogens 
and the ability to prevent the growth of the normal 
bowel] flora. In this case, a mixture of coliform organ- 
isms, in the form of a negative faecal sample, and a 
selection of indicator organisms (including those 
that cause the most problems in routine use) may be 
the test inocula. Enteric media, especially selective 
enrichment media, should also be tested for the 
ability to enrich the pathogens selectively in the 
presence of a contaminating flora. 

In the case of identification media, positive and 
negative controls will be required. In the case of 
media used for combined tests (e.g. acid/gas), all 
the combinations of outcomes must be represented. 
In the case of amalgamated tests produced to form 
an identification scheme, a panel of organisms will be 
required that covers positive and negative reactions 
for all components. 

Sensitivity test media are difficult to control. The 
wide variety of organisms and antimicrobials to be 
tested gives rise to a virtually limitless number of 
combinations. They are best tested for their ability to 
sustain growth, only, in the first instance, and their 
satisfactory performance for testing of sensitivities 
can then be done by controlling all tests according 
to the ‘Stokes criteria’. When breakpoint sensitivities 
are used, the media must be tested after preparation 
to ensure correct performance before routine use; 
any failure will affect a batch of specimens. Finally, 
a daily test is carried out on a panel of organisms 
that exhibit sensitivity and resistance to all of the 
antibiotics in use. 

All findings with the performance strains must be 
satisfactory and should not vary for different batches 
of the samme medium. 

Adequate records are essential for analysis of the 
performance of any medium. These must include 
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batch numbers of all constituents, date of prepara- 
tion, details of the dispensing equipment used, the 
laboratory operators concerned, batch number of 


containers, and the sterility and quality control re- | 


sults. So that these records are of use, each batch 
of medium produced must be clearly and uniquely 
identifiable. An identification code used in the labora- 
tory may range from a simple colour code, with felt 
pen stripes to indicate the day of the week of prepara- 
tion, to printed codes applied on a label from a gun. 
All sterilization records must also be kept; if chart 
recorders are available, these must be used for every 
run, 


Commercial media and bases 


Commonly used media and bases obtained from 
commercial suppliers should be ordered in bulk so 
that their consistency is ensured over long periods 
of time — provided that they are known to be stable, 
that their shelf-life is assured, and that local facilities 
for storage are satisfactory. On receipt, confirm that a 
bulk supply is all of the one batch. Before it is used, 
do an extended quality contro! check to ensure that 
it is of an acceptable standard or to detect any varia- 
tion or deficiency. Be aware that QC reports and 
assurances supplied by the manufacturers may not 
meet the standards that you wish to set and should 
not be accepted as an excuse for not doing adequate 
in-house testing. 


Equipment 


All items of equipment should be formally and peri- 
odically examined. Regular checks can show changes 
or deterioration that would otherwise go unnoticed. 
Equipment controls and checks can range from a 
simple daily temperature chart for an incubator to 
a fully comprehensive log book containing daily, 
weekly, monthly and annual records of maintenance, 
cleaning, decontamination, calibration and servicing 
for some of the more sophisticated automated equip- 
ment in use. These records should be kept near the 
equipment for reference. 

Many items of equipment are now supplied with 
log books, QC sheets and control sheets, covering the 
manufacturers’ minimum recommended checks. At 
the least, the recommended minimum should always 
be assured and recorded, as this is often required to 
fulfil guarantees and validate servicing contracts. If 


record sheets are not provided, the department must 
make its own. . 


Organization of quality contro! 


It is important to have a defined structure and to 
allocate responsibility for all aspects. The most 
straightforward solution is to have a designated QC 
officer. According to the size and complexity of the 
department, the QC officer may have the support 
of an assistant or a small team; such a supporting 
arm -is essential. to allow for holidays and other 
absences and to ensure continuity. The nature and 
division of responsibilities will depend on the pro- 
portion’ of time available for designated officers to 
devote to quality issues. | 

A designated QC officer must have experience 
in all aspects of the department’s work; the officer 
must command the respect of the staff and be able 
to communicate with all groups and grades. The 
ability of a QC officer as a teacher and trainer is 
important. 


Duties of the QC officer 
The duties include the following: 


1. Setting up and organizing QC measures 
throughout the department. 

2. Preparation, implementation, update and re- 
view of all methods and procedures. ; 

3. Regular monitoring of all quality contro! records 
to ensure compliance and satisfactory maintenance 
of standards. 

4. Preparation and issue of internal quality asséss- 
ment specimens. Analysis of results. 

3. Issue and return of all external quality assess- 
ment specimens. Analysis of results. 

6. Analysis of all relevant QC data to ensure 
satisfactory performance. 

7. Investigation and rectification of any problems. 

_8. Reporting on a regular basis to the Head MLSO 
and the Head of Department on all matters relating 
to quality. 

9, Communication on a regular basis to all staff 
in the department about all pertinent quality matters. 
A requirement of accreditation in the UK is that 
External QC (NEQAS) results are imparted to staff. 

10. Recommendations regarding changes or pro- 
posed changes to materials, equipment or procedures. 
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Computers in medical microbiology 


A. P MacGowan Susan Y. McCulloch A. M. Lovering 





The use of computing in medical microbiology is 
less advanced than in the related laboratory speciali- 
ties of chemical pathology or haematology. This 
is largely because of the more complex nature of 
analytical work in microbiology, little of which is 
either numerical or performed on analysers that can 


easily be interfaced to computer systems. Micro- -. 


biology reports are essentially descriptive, text-based, 
with many specimens having multiple tests per- 
formed. As well as basic tests further work is often 
indicated by the results of tests already performed, 
and provisional as well as final reports are often 
issued. Unlike the situation in haematology and 
chemical pathology, where the bulk of the test results 
can be transferred directly from analysers to a main 
computer without human intervention, other means 
of data entry have to be found in microbiology. His- 
torically punch cards, marked-card readers, barcode 
readers and keyboards/VDUs have been used, but 
many problems have still to be solved in order to 
make data input efficient and error-free. 

The first microbiology computer systems originated 
in large (tertiary care) hospitals and, in the United 
Kingdom (UK), many district general laboratories 
still lack computers for the main microbiology labo- 
ratory functions. However, in recent years it has 
been recognized that information represents a critical 
resource in its own right and may be of considerable 
value to hospital organizations. At present, most 
pathology databases in the UK are incomplete 
and not adequately linked to other systems for their 
optimal use. The explanation for this lies in the past 
emphasis of laboratory management on generating 
reports of test results cost-effectively, rapidly and 
accurately. However, in future, in addition to these 
functions we can also expect to use our information 
technology systems in communication, epidemiol- 
ogy, management of demand on services and in 
helping to cope with the accelerating rate of change 
within heaith care provision. While it is not essential 
to use computers for these functions, in practice, 


most organizations use them in these areas. In these 
processes microbiology is only a small part of wide 
chariges involving the management of information 
in health services and beyond in society as a whole. 


OBJECTIVES AND FUNCTIONAL 
REQUIREMENTS 








Why have a computer to help perform the main 
activities within the laboratory? There are obvious 
advantages as well as disadvantages compared with 
manual systems. The positive attributes of a com- 
puter include more efficient and rapid data storage, 
rapidity of data recall, flexibility, speed and ease of 
analysis of stored data and the potential for rapid 
communication of results via ward- or clinic-based 
computer terminals. On the other hand, they are 
expensive to install and operate in terms of hardware, 
software and often staff time. It is difficult to show 
that computers in microbiology are cost-effective, 
but they can provide significant advantages because 
of flexibiliry in data analysis and speed of result 
transmission. 

The objectives and functional requirements a 
department has for its computers will vary, but unless 
these are clear at the outset the strategic goals may 
be lost among the problems of day-to-day running 
and the full beneficial impact of the system may be 
lost. 

The functions of a laboratory computer system Can 
be split into three groups, (1) data acquisition, (2) 
analysis, and (3) reporting; key factors are listed 
below. 


Data acquisition (request entry) 


1. The system must allow patient data to be ad- 
mitted directly or, more advantageously, via other 
pathology or hospital systems. 
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2. The system should be able to recognize when 
a specimen relates to a previously received request, 
or a request for repeat investigation, so that all speci- 
mens from the same patient are linked in a single file. 

3. Labels may be printed, either on specimen re- 
ceipt or before, for attachment to the request form, 
specimen and culture plates. 

4. Entry of test requests. This can be done auto- 
matically or manually, e.g. all urines may have 
microscopy and culture booked automatically, while 
those urines in which yeasts are seen on microscopy 
might also have a Sabouraud plate booked manually. 


Data analysis (result entry) 


1. Entry of test results. , 

2. Review of previous results held on the patient’s 
file. 

3. Limit checks may be used to highlight abnormal 
results. 

4. Booking further tests. Again this may be done 
automatically; e.g. all coliforms > 10° cfu/ml in urine 
could have sensitivity tests booked automatically, 
while coliforms isolated from a Jeg ulcer would 
require sensitivities to be booked manually. 

5. Incomplete test/specimen lists, to enable overdue 
reports to be investigated by senior technical staff. 

6. Production of a verification file or list for senior 
staff to review. 


Data reporting 


1. Provision of interim reports for clinicians by 
VDU, paper or direct download of reports. 

2. Provision of final reports by paper, VDU or 
direct data download. 

3. Workload/billing data of varying complexity, 
depending on the needs of the whole organization. 


Specific objectives 


While it is reasonable to expect all modern systems 
to provide most of these basic functions, the specific 
objectives set for a system will be many and variable, 
and almost always a compromise is required in 
order to produce a functional system. In general, a 
computer system should meet the following objectives: 


1. Work flow patterns through the laboratory 
should be as efficient as possible and the computer 
should not impose undue constraints on laboratory 
organization. 

2. Available year round and 7 days a week, night 
and day. 

3. Reliable with minimal downtime. 
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4, Easy maintenance of routines and flexibility to 
change as many functions as possible within the labo- 
ratory without the need for external help and without 
rendering previously entered results inaccessible. 

5. Adequate capacity with rapid response time to 
cope easily with the maximum daily workload peaks, 
sO as not fo restrict data input or output. 

6. Provide simple and accurate means to identify 
patients and indicate redundant or duplicate specimens. 

7. Logical and easy coding structures to aid data 
input. 

8. Reporting and clerical errors minimized by in- 
ternal rules while not removing the laboratory staff’s 
responsibility for their own work. 

9. Flexibility to record non-standard reports. 

10. Rapid recall of previous patient results and 
user-friendly enquiry routines for ward/clinic-based 
VDUs (where available). 

11. Data analyses for epidemiology, infection con- 
trol, management and billing. 

12. ‘Flag’ unusual findings for review/attention of 
senior staff. 

13. Flag ‘inoculation risk’ or other specimens re- 
quiring special laboratory handling. 

14. Ability to handle ‘non-patient’ specimens, e.g. 
organism isolates, or environmental samples. 

15. Minimize duplication of data input and maxi- 
mize capture of data from related databases. 

16. Audit trail — to show procedure X happened 
to specimen Y at time Z and was performed by A, 
including alterations and corrections. 

17. Adequate security with access and function 
authority controlled by passwords or access codes. 

18. Links to external databases to permit develop- 
ment of further functionality, e.g. a link to pharmacy 
database to alert physicians or infection specialists 
to inconsistencies between antibiotic prescribing and 
sensitivity tests of potential pathogens. 
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HARDWARE AND SOFTWARE _ 


Computer science is a field where jargon, abbrevia- 
tions and unintelligible terms are commonly used 
(see Appendix for a simple glossary). However, 
most are fairly easily understood and relate either 
to the physical presence of a part of a computer or 
to the way it operates. Fortunately it is not required 
that laboratory workers understand how computers 
and information technology systems work, but they 
should be critically aware of the functional capacities 
of their system and its limitations. Most laboratories 
will have support from hospital computer depart- 
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ments or the manufacturers of the systems or, 
equipment they use. 

When referring to computers a distinction is usu- 
ally made between the actual machine, or computer 
itself, and the set of instructions stored in it which 
make it work. Hardware is the collective term for 
those parts of the computer which physically exist 
and can be seen, while software refers to the pro- 
grams which run on the hardware. The most obvious 
hardware items of modern computers are keyboards, 
monitors (VDUs), printers and often communi- 
cations equipment which link terminals to the host 
computer. A keyboard and VDU are often referred 
to simply as a terminal. | 

With most laboratory computer systems the main 
computer or processing unit is remote from the 
users and may be able to handle enquiries from a 
large number of terminals at the same time. For a 
computer to operate as a laboratory computer rather 
than as a complex calculator or printer, one of the 
pivotal functions is storage of data. Data storage 
systems come in a variety of forms, ranging from 
magnetic storage devices such as floppy and hard 
discs through to large optical devices. Most systems 
will use magnetic storage, with the main database 
stored on a hard disc and either a floppy disc or 
tape device used for input or export of data. Input of 
data is needed when the software has to be changed 
or the database needs to be recreated following acci- 
dental loss or erasure of data. Data export is usually 
for taking copies of either the whole or part of the 
database. As with all mechanical components, there 
is a definite (and some would argue relatively high) 
risk that the storage medium will fail and all the 
data on it will be lost. In simple systems this is 
circumvented by making regular copies (back-ups) 
of the database, such that the only data lost in the 
event of a storage device failure is that added to the 
database since the last back-up. Larger systems 
address the problem by making back-ups less fre- 
quently, but by storing the data simultaneously on 
two storage devices (shadowing), such that if one 
fails users will still have access to their data on the 
other. 

In the early days of computing, data storage 
was relatively expensive and most systems tmposed a 
physical limit on the amount that could be stored. 
Consequently, at pre-defined times data would be 
removed from the database either for storage in an 
alternative way (e.g. On paper or magnetic tape) in a 
process known as archiving, or simply by removal 
or culling from the database. In recent years, the cost 
of data storage has fallen dramatically, which, in 
theory, should mean that the need for archiving has 
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decreased. Unfortunately, since modern laboratory 
systems store far more data than their early counter- 
parts, the ability to purchase larger data storage 
devices has to some extent been balanced by the 
requirement to store more data. 

As indicated previously, all items of peripheral 
hardware must be linked back to the central proces- 
sor. In a simple system, these links can be via single 
wires from the terminal or printer to the computer. 
However this largely limits where termimals can be 
sited and for large systems (> 1000 terminals) be- 
comes almost impossible to support. Early attempts 
to solve communications problems involved sending 
data across the existing internal telephone network, 
without interfering with the function of the tele- 
phone system. Unfortunately it is relatively slow to 
send data in this way and in systems which use a lot 
of host/terminal interactions, such as screen refresh 
after every keystroke, users find the system painfully 
slow. The current communications approach 1s to 
provide a dedicated landline, usualiy fibre optic, 
capable of handling a high data throughput to hubs 
in various buildings or departmenis across the site, 
each of these hubs then serving the terminals in that 
building (Fig. 2.1). In an ideal world, two landlines 
would be run via different routes to each building — a 
process called triangulation — to provide some re- 
silience in the face of accidental damage from the 
numerous workmen operating on site! 


TYPES OF COMPUTER SYSTEM 


Three broad types of computer system are found in 
medical microbiology departments. In many labora- 
tories examples of all three can be found and in only 
a few will none be used. There are computers which 
are dedicated to a specific piece of equipment, ¢.g. for 
reading blood cultures or performing antimicrobial 
assays; personal computers (PCs) or word proces- 
sors; and main laboratory systems. Large reporting 
systems should not be regarded as exclusive, as de- 
partments with main systems will also require PCs 
and dedicated systems to get the maximum potential 
out of the main system, Main systems are most 
commonly used for computing in pathology depaci- 
ments but PCs and dedicated computers can make 
a valuable contribution, even in laboratories without 
a main laboratory computer. 


Computers linked to equipment 


Two types of computer linked to equipment are 
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Fig. 2.1 Possible approaches to establishing a computer network to serve a hospital site. 


commonly found in microbiology laboratories, the 
first being solely dedicated to a particular function 
while the second also allows the use, sometimes con- 
currently, of third party software. Such computers 
have their own suite of programs and are used in such 
applications as blood culture analysers, chromato- 
graphic data analysis, antibiotic assay analysers and 
automated plate-pouring equipment. Links may be 
made from the computer to the main departmental 
system, so that results may be fed directly into the 
main system (unidirectional) or so that patient infor- 
mation may be received from the host system and 
results be returned to it (bidirectional). Most are 
designed as stand-alone units to control the piece 
of equipment to which they are attached, although 
computers may be employed on the large analysers 
to control or buffer data flow between the host 
computer and the analyser. There is usually little 
scope for individual departments to vary the com- 
puter or software supplied with a particular piece 
of equipment and such systems are usually viewed 
as separate from the main computing activities of 
the department. 


Personal computers (PCs) 


PCs are usually single units which stand alone and 
have data-processing units, VDUs, keyboards and 
printers. They may be linked together to form a 
‘network’, which increases their computing power. 
The versatility, range and flexibility of PCs has been 
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increasing in recent years and the cost in relative 
terms and, in some cases, absolute terms is declining. 
A powerful PC can now be bought for little more 
than a thousand pounds. 

Original units in the 1970s were small, expensive, 
offered little, were programmed in BASIC and re- 
quired the operator to have a fairly high level of 
programming ability. Since then most PCs have been 
based on an Intel design known as the 86 series 
of computer processors. This started with the 8086 
processor, which came on the market in 1978. A less 
sophisticated version of this, the 8088, became 
the basis of IBM’s original PC in 1981. The 8086 
processor, or chip, did not appear in a computer 
until Compaq brought out their first PC in 1984. 
This set a de facto standard for PC processors which 
was widely adopted (except by Apple Computers, 
which stuck with incompatible Motorolla proces- 
sors). The original 8086 and 8088 chips were quickly 
followed by increasingly powerful versions known as 
80286, 80386 and 80486 — commonly referred to 
simply as 286, 386 and 486. Their success stemmed 
from the fact that software which worked on an 
earlier processor would also run on a later one, but 
much faster. A measure of Intel’s success in capturing 
the PC market is its claim that of the 100 million 
PCs sold up until 1993, over 70% use the 86 series 
of chips. The successor to the 80486 processor, 
logically called the 80586 but named the Pentium 
due to a judicial ruling that numbers cannot be 
copyrighted or trademarked, was made available to 
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PC manufacturers in late 1992. It offers the power 
of a system that 10 years ago would have filled a 
computer room and needed a computer operator. 

In conjunction with the introduction of the IBM 
PC, word processing was becoming accepted as 
the norm in offices, with software manufacturers 
competing for market share. This combination of 
factors led to a great expansion in the market and 
extensive copying of the IBM PC, but, since all 
models are basically clones using the same architec- 
ture and operating systems, there is software stand- 
ardization. At present IBM/IBM-compatible PCs 
dominate the market, with software suppliers essen- 
tially writing for a system known as MS DOS. How- 
ever, this situation is likely to change in the near 
future with the launch of the 32 bit version of 
Windows in 1993 and the introduction of the new 
Windows operating system, provisionally called 
Windows 95, in 1995. Current projections suggest 
that by 1997 DOS will no longer be the predominant 
operating system, with its use continuing to decrease 
over the next decade. By the year 2000 it is likely 
that over 60% of PCs will be running with Windows 
as the operating system and less than 20% still using 
DOS. 

Within microbiology laboratories, personal com- 
puters were introduced first either as word processors 
or specifically to run special programs, €.g. related 
to research or infection control. Few laboratories 
have the time or expertise to write their own pro- 
grams, but many packages are now available com- 
mercially and these can be adapted to specific 
microbiology tasks. Several pioneering laboratories 
developed their own systems based on, or modified 
from, commercial systems and these may run on 
networked PCs. Current PCs are as powerful as 
some original laboratory systems but they are mainly 
used to run third party software, with the commonest 
uses as word processors or for data analysis after 
down-loading from the main laboratory system. 
These data analyses are aided by the availability of 
standard software packages, e.g. spreadsheets, that 
are used in managerial or financial capacities outside 
the health service. Hence PCs are being increasingly 
used as managerial, financial and business tools in 
microbiology, as well as in the biomedical research 
field. 


The main laboratory system 


With most main laboratory systems the terminals 
are remote from the central computer and linked 
via telephone or fibre-optic lines. The systems are 
multi-user, that is, many personnel may simultane- 
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ously use the system, either from inside the labora- 
tory or outside. They also run in real time, 1.e. any 
changes immediately update the computer’s memory 
so that information held is always the most recent. 
Historically, main reporting systems started within 
individual departments, with few extemal links; 
modern systems can link the different pathology dis- 
ciplines, and can also link with other hospital-wide 
computer systems. Originally computerization was 
driven by the need to improve the quality and pre- 
sentation of hand-written or typewritten reports, but 
increasing information requirements within hospitals 
have considerably widened the role of computers. 

The situation is changing from one where informa- 
tion technology is used purely as a reporting/enquiry 
results system to one where it is a central part of 
the laboratory, essential for business planning and 
information generation. Most modern computer 
systems call for more support staff compared to the 
former manual systems, which could not now pro- 
vide the data analysis possible with a computer. 
The original laboratory computer systems were often 
based on a daybook approach, whereby a limited 
amount of data was stored, only permitting users to 
identify that a sample was received on a particular 
date. More advanced systems also allowed results to 
be entered, sometimes automatically as in the case 
of analysers, and reports to be printed. Kew early 
systems permitted searches on the data stored, other 
than to give the total numbers of a particular type of 
request. This contrasts markedly with the current _ 
generation of laboratory computer systems which 
are based on a Logical Data Design optimized for 
easy retrieval of information — though, sadly, often 
at the expense of having to enter increasing amounts 
of data at bench level. 

Early laboratory systems were usually based on 
small computers or PCs and were heavily reliant on 
a single person within the department for any pro- 
gramming changes. ‘This created problems in two 
areas. On the hardware side, unless the system was 
based on a computer such as an IBM-compatible, it 
was almost impossible to upgrade it without exten- 
sive reprogramming. On the software side, as only 
one person knew how to operate the system, the 
temporary or permanent departure of that person 
produced a major problem. Most hospitals recog- 
nized, or experienced, these difficulties at an early 
stage and addressed them by the creation of Data 
Processing (DP) or Computer departments. These 
departments took on responsibility for purchasing 
computing equipment compatible with existing hard- 
ware, and also software support for existing computer 
systems. Although the long-term benefits of such 
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a system are clear, individual departments become 
frustrated when they are prevented from buying 
cheap equipment because it is not supported by their 
DP department, and even more so when prevented 
from making alterations to their systems. The crea- 
tion of a centralized DP/Computer department in- 
variably results in pressure to standardize equipment 
throughout the hospital, usually through a single- 
manufacturer policy. It has also often resulted in 
an integrated approach to computing on the hospital 
site, with emphasis on harmonization of systems to 
reduce problems for ward users and support staff, 
rather than on purchasing the latest microbiology 
or pathology computer system, which might not 
integrate with existing hospital systems such as the 
Patient Administration System (PAS). The creation 
of a DP/Computer department often results in 
centralization of computing services, with a single 
large computer located in the main hospital compu- 
ter room. In fact, all that remain in many laboratories 
are the terminals and a report printer, with the central 
processor and its associated maintenance and back- 
up no longer the responsibility of the laboratory. It 
Is not uncommon to find that the computer running 
the pathology systems is also running several other 
hospital systems and may be upgraded or replaced 
without interfering with the pathology department’s 
work, apart from perhaps a few hours downtime in 
the early hours of the morning. In contrast, the soft- 
Ware, data storage devices, terminals, printers and 
communication devices impact much more directly 
on the day-to-day running of the department. 

The convenience of the main laboratory system 
software is often the most critical aspect for user 
acceptability, either in the laboratory or on the ward. 
Less obvious to the casual user is the ability of the 
software to cope with a number of background issues. 
These include the ability to integrate with databases 
of other systems so as to minimize data inputting 
across the hospital as a whole. There have to be 
mechanisms in place to ensure that data is secure 
from unauthorized entry and that suitable. back-ups 
exist so that data is not Jost if the system fails (see 
above). Software also must be robust and stable and 
able to be changed easily to meet new requirements. 
Last but not least, thought must be given to the 
manual procedures required to input data and the 
quality, experience and numbers of staff required 
to ensure that the data is of a suitable quality. 

While it is obvious to most laboratory workers 
that the technical content of reports has to be of as 
high quality as possible, details relating to patient 
identification, location, test requester and specimen 
description have to tse of equally high quality to 
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ensure that the report is returned to the correct 
clinician, who can then identify the correct patient 
and site of infection. In addition, this data is of 
increasing value in analysing laboratory usage by 
individual consultants or departments. In private 
laboratories, and to an increasing degree in public 
hospital laboratories, this information is needed for 
billing and contracting for microbiology services. 
The main laboratory system should also have the 
ability to produce provisional reports and make 
results available rapidly, preferably by a ward- or 
clinic-based enquiry terminal, In this way, users will 
become used to looking up results on a ‘need’ basis, 
which produces fewer telephone enquiries to labora- 
tories and perhaps improves patient management. 

At present it is possible to define some directions 
in which main reporting systems are moving; these 
involve integration of individual hospital systems, 
increasing ease of access to al] users in hospital and 
general practice, and the seeds of remote (electronic) 
requesting and electronic delivery of results to both 
hospital doctors and general practitioners. However, 
it is still true that implementation of a computer 
system in a department with a manual reporting 
system may have more to do with the needs and 
potential benefits to the hospital as a whole rather 
than the likely benefits for the department in its 
own right. 


COMPUTERS IN USE 


In the preceding sections we have discussed some 


general aspects of computers in the medical micro- 
biology laboratory. In the following three sections 
we cover some more specific problems and oppor- 
tunities of computerization. It is useful to think of 
specimen processing and information generation 
(the analytical phase’) embedded in those activities 
which lead to specimen receipt (‘the pre-analytical 
phase’) and those which help to result in appropriate 
clinical action based on the information contained in 


_the report (‘post-analytical phase’). For the purposes 


of this chapter, the post-analytical phase also includes 
the use of information contained in the report for 
purposes other than direct patient management. 


The pre-analytical phase 


The use of databases and information technology in 
the pre-analytical phase in all disciplines in clinical 


pathology is limited. In microbiology in particular - 


there are only a few examples, but there is great 
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scope in the future to influence requesters and the 
environment in which they operate, hopefully pro- 
ducing more rational, directed and appropriate 
requesting. For example, computer-aided requesting 
has been shown to reduce chemical pathology 
requesting in some specific units; it also enables 
investigations to be pre-booked, and provides a way 
of reminding busy clinical staff to perform certain 
investigations at certain times. Request forms can 
also be computer-generated to reduce form filling. 

Most microbiology departments have guidelines 
for those who use the laboratory and these should 
be made available in convenient electronic form, as 
paper copies on wards are often lost or are not up to 
date. At present in the UK there are no systems for 
electronic test requesting, i.e. requesting by ward 
or GP terminal rather than on a-written request 
form, but pilot schemes for chemical pathology and 
haematology may soon be operational and such 
systems do exist for microbiology in North America. 
The main role of computers in the pre-analytical 
phase at present is the provision of ward- or clinic- 
based terminals so that the clinical user can easily 
review the patient’s previous microbiology reports, 
which provides useful information in the choice 
of antimicrobial therapy, especially in hospitalized 
patients who develop nosocomial infection. Such 
‘look up’ facilities also enable clinicians to find out 
whether specimens have already been received in the 
laboratory and thus minimize unnecessary repeats. 
Unfortunately, however, computers have no effect on 
the ease and rapidity of collection and transportation 
of specimens to the laboratory. 


The analytical phase 


This is the core of most departmental activities and 
represents the area where there is heaviest day-to-day 
computer use. When a new computer system is 
contemplated, it is important to try to break free 
from the tendency to recreate on the computer what 
is already happening in the laboratory, as this will 
inevitably result in lost opportunities for innova- 
tion and imaginative use of available information 
technology. 


Speed of response 


An adequate speed of response between inputting. 
requesting or accepting data and screen updating 
is imperative. Any response time of >2 seconds is 
likely to engender frustration, anger, irritation and 
irrationality in regular users. Response times tend to 
be poorest at times of heaviest demand on the system 
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and for shared systems that have marginal perform- 
ance, close co-operation with the computing depart- 
ment and with other high users, perhaps in other 
pathology disciplines, is vital. Solutions often lie 
‘n further investment in hardware and improving 
communications within the hospital computer network. 


Data entry 


Data entry is the slowest and most tedious aspect 
of any system, representing a potential bottleneck 
in the smooth generation of specimen reports. Com- 
puter systems are also more formal and unforgiving 
of data errors than manual systems, which can iead to 
user dissatisfaction unless the system is well designed 
and/or adequate staff resources are available. For 
most systems data inputting is by key strokes at a 
terminal, but only a minority of the technical, scien- 
tific or medical staff who use computers have formal 
typing training. In general, this approach is slow; 
hence other strategies have been employed, such as 
marked-card readers, barcodes and light pens, and 
partially customized keyboards to book or enter 
common tests or groups of test results. To overcome 
some of these problems, software has been modified 
or databases linked so that information can be trans- 
ferred into the system on the basis of, for example, a 
patient unit number. Since patient administration 
systems record the location, consultant and date of 
birth of patients in the hospital, entry of the hospital 
number into the microbiology system should, if it 
is linked appropriately, enable al] the necessary data 
to be transferred once it has been checked that 
the accessed patient and received specimen match. 
Similarly, to reduce the time spent entering test re- 
sults, batch entry (see later) can be employed, and it 
is common practice to use codes (usually one to five 
letters) to represent expanded text, whether this be 
organism names or comments on data interpretation. 
If any one area of computer use in laboratories 
deserves continued critical evaluation and imagina- 
tive use of personnel and software it is data entry. 
Pivotal to the quality of computer data is an 
adequate system for patient recognition and match- 
ing of new requests to patients already on the data- 
base. The problems are increased in laboratories 
that receive specimens from a variety of different 
hospitals, and from general practitioners, where a 
variety of patient numbering systems are being used. 
In most systems, there are many duplicate patient 
entries, which can result in confusion when trying 
to locate or review a patient’s previous resuits. As 
a minimum, surname, initial of first name, date of 
birth (day/month/year) and sex are required. Systems 
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which are linked to a hospital patient administration 
system may also require some or all of first name, 
second or subsequent names, general practitioner, 
patient address or postcode, and hospital number. 
If the pathology database is integrated into hospital 
systems it becomes particularly important to ensure 
that duplicate entries are kept to a minimum and this 
may require the employment of additional staff. As 
this function is usually more related to the needs of 
the hospital as a whole rather than of pathology spe- 
cifically, these staff are often deployed in computing 
departments. 


Worksheets, paperless and paper-based 
systems 


In addition to the problems of patient identification 


‘and data entry which are in some degree common 


to all pathology specialities, microbiology has some 
specific problems in the structuring and timing of 
reports. For example, not all specimens of a similar 
type will have the same tests booked, further tests 
may need to be booked on the basis of findings on 
microscopy or culture, and interim reports may need 
to be issued. This contrasts with chemical pathology 
where most tests are requested and done and a final! 
report is issued within 24 hours. 

As specimen analysis in microbiology is an un- 
predictable and continuous process over several days 
there are special problems of data recording, and this 
is particularly the case if a paperless computer system 
is employed. The difference between paper-based 
and paperless systems is that with a paper-based 
system results are entered on to some form of paper 
record, e.g. written on the original request form, and 
then at a later date transcribed in full or in summary 
into the computer. In this way the computer and the 
analytical work of the department remain largely 
separate, In contrast, with paperless systems all the 
data are entered into the computer and no paper 
record is kept; hence the two processes of analysis 
and electronic data recording are more closely inte- 
grated. In more detail, with a paper-based system 
request details are entered into the computer, but 
this often excludes the clinical history. The specimen 
is analysed and when a report is to be generated the 
results to date are entered into the computer. It is 
essential with this system to have the paper record 
available, as it gives the clinical history and details of 
the tests which have gone into identifying organisms 
or interpreting sensitivity tests. As the clinical history 
is not entered into the system those looking up data 
must have a good knowledge of the patient to get full 
value from the results. In contrast, with a paperless 
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system all relevant data are transposed from the re- 
quest form to the computer and the request form is 
not used further, All subsequent data are entered into 
the computer, including working data not usually 
reported, and all interpretations are based on that 
data. 

Both systems have advantages and disadvantages. 
With paper-based systems there is a trivial saving in 
data storage, as interim data and that related to most 
of the tests performed do not need to be stored, a 
manual back-up is automatically provided, and staff 


need to be less computer literate. Staff time is saved - 


by not attempting to enter data on clinical history 
or treatment that may or may not be clearly pre- 
sented on the request form, and errors in entering the 
information are avoided. Inevitably results have to 
be recorded twice, once on paper and then once in 
the computer. However, with paperless systems all 
test results are available in one place and presented 


- in a logical pre-defined way. The computer will also 
book relevant tests and guide analysis. There is a’ 


greater Capacity to audit the activities which go into 
each specimen and rules can be applied to ensure 
that particular circumstances are highlighted, e.g, 
reporting a coagulase-negative, DNAse-negative 
staphylococcus as Staphylococcus aureus. A paperless 
system requires staff who are more computer literate 
and integrates the analytical’ and information pro- 
cesses completely, removing potential errors in tran- 
scnbing results from paper to computer, but is in 
general more complex to use in practice and requires 
considerably more staff time at the computer. 

Other useful ways to speed data input involve 
the use of worksheets or batch entry. For use in 
microbiology, batch entry places the same result on 
several reports called up by laboratory number, while 
with worksheets a VDU screen displays a matrix of 
samples and tests allowing easy entry of results for 
multiple samples from one screen. 


Coding lists or reference files 


Coding lists or reference files are at the core of the 
system and are shortened ways of entering data by 
keyboards covering requester, location, clinical de- 
tails and specimen type, as well as results. While 
it is best to have rules for deriving codes, most de- 
partments end up by deviating from them and the 
strict logic of the system is lost. For example, 
STAAU would be most logical for Staphylococcus 
aureus if five letter mnemonic codes are used to iden- 
ufy isolates, whereas SA would be only two letters 
and easier to use. It is often better to use longer 
codes and always important to avoid ambiguity. A 
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simple system for coding locations might be to use 
the first few letters of the GP’s address or the name 
of the ward, etc. However, duplicates inevitably arise 
that require the logical structure to be ‘bent’ and staff 
may insist on keeping commonly used abbreviations 
already in widespread use, e.g. ITU. The result is a 
semi-logical coding structure with sufficient excep- 
tions to prevent anyone unfamiliar with the codes 
from being able to derive the codes reliably from a 
set of rules. 

This raises two major questions about coding; 
first, is the logical structure approach valid, and sec- 
ondly, at what levels should codes be used? Where 
there is a logical coding structure with wide accept- 
ance there is good reason to use this when setting 
up coding dictionaries, perhaps with additional or 
shortened codes also referring to the same data item. 
Otherwise it is sensible to develop codes that reflect 
abbreviations already in common usage, bearing in 
mind the frequency with which a particular code 
will be used. It is easy to see the rationale behind 
keeping codes short and easy to use for items, such 
as samples of urine, which will be entered into the 
system a great many times per day; other items 
which are infrequently encountered can be less 
user-friendly. With non-derivable coding structures, 
coding lists or dictionaries become essential; these 
can either be written lists or stored in the system, 
such that the user enters part of the code and all 
possible matches are displayed, or a menu is dis- 
played from which the data item can be chosen. 
There are obvious advantages in using an alpha or 
alpha-numeric coding system (e.g., U for Urine; U1 
or MSU for mid-stream urine) rather than purely 
numeric codes. 

The level at which codes are used also causes 
difficulties in creating coding structures. In most 
systems primary users of the microbiology depart- 


ORGANISMS 


ae a = 


Gram-negative bacteria 


——  —— OS ——— a oe eee SE 





Enterobacteriaceae 


Swe 


SS 


te a. | 
K. pneumoniae K. oxytoca K. edwardsiella level 1 


— eee — 





COMPUTERS IN MEDICAL MICROBIOLOGY 


ment request a test to be done by filling in a form, 
giving demographic information about the patient, 
relevant clinical details, details about the sample 
and the test requested. There are advantages to the 
requester, in terms of the amount of data entered, 
in having frequently used data items coded and also 
to the laboratory in increasing clarity when inter- 
preting requests. However, advantages to the re- 
quester are rapidly lost if there are different codes 
for the same data item depending on whether the 
biochemistry, microbiology or radiology computer 
is being used. Consequently, when deriving coding 
structures for data items which are used across a 
number of disciplines, items such as requester, loca- 
tion, and sample type should be uniform irrespective 
of system. In various countries, there are attempts 
to standardize codes used on a nation-wide scale, 
e.g. the Read clinical coding system in the UK, and 
there will be pressures for laboratories to adopt the 
general coding systems in use in the hospitals they 
serve. Obviously it would be desirable to continue 
a single coding spine down to individual computer 
systems, but many commonly used abbreviations 
are discipline- or context-specific, which would argue 
against this (e.g. Ca may mean calcium to a bio- 
chemist, but carcinoma to a histologist or cardiac 
arrest to a casualty nurse). 

Whatever coding structure is used codes should 
be grouped on a sub-set or tree basis. Probably the 
best known example in microbiology is in the classi- 
fication of organisms, where Klebsiella pneumoniae is 
a member of the sub-set Klebsiella, which is a sub-set 
of Enterobacteriaceae, which in turn ts a sub-set of 
Gram-negative rods and so on (Fig. 2.2). Analogous 
groupings can be created for requesters, wards, 
samples and investigations, and this provides an easy 
way to undertake searches for information, such as 
the total number of samples from the renal depart- 
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Fig. 2.2 An example of a logical tree structure for microorganisms and an equivalent structure for requesters. 
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ment which yielded coliforms, for example, without 
having to enter all wards in the renal department 
or every organism name in the coliform sub-set. Such 
grouping can-be achieved -by structuring codes so 
that the first letter of the code reflects the hospital, 
the second the department, the third the ward and 
so on. Searches conducted on the first letter of the 
code would identify all requests from that hospital, 
whereas searches conducted on the first two letters 
would identify only requests from a specified depart- 
ment within the hospital. Such an approach is simple 
in concept but suffers from many of the problems 
already discussed for deriving codes and largely 
prevents single data items from belonging to two or 
more sub-sets. A tree structure built into the design 
of the computer system so that groupings are-made 
using internal rules rather than by coding can help 
overcome these problems. 

The most difficult problems occur with the numer- 
ous different coding lists that exist across diverse 
hospital systems, reflecting the insular origin of those 
systems. Harmonization is an important hospital- 
wide issue and involves pathology as one of the 
heaviest areas of computer use. 


Internal computer results checking 


The original computer systems were no more than 
machines to record data and since they had very 
limited ability to detect errors, there was continued 
reliance on the operators to spot mistakes. The fre- 
quency of errors in computer databases is unknown, 
but it is not uncommon for 0.5% of Proteus spp to be 
reported as sensitive to nitrofurantoin in systems 
without any error-checking capability. It is clearly 
desirable to have a way to prevent or highlighr all 


Potential pathogen? 
NO: Reject 
YES: How much grew? 





types of nonsense, and this capability exists within 
most modern systems. However, there may be prob- 
lems of speed of response if complex checking of 
results is in progress and the reporting system may 
become inflexible. In theory, preventing poor quality 
data entry should reduce the amount of senior staff 
time required for checking reports, but there is a 
danger that such systems may partially remove the 
feeling of individual responsibility for the work done 
by laboratory staff. 

Following on from internal rules/checking there 
is an expansion of the ability to control the way a 
department operates. If software is in place to rec- 
ognize a certain set of conditions, it is fairly straight- 
forward to get the system to order or prompt further 
investigations to help staff. For example, consider the 
task facing a laboratory worker in deciding what 
course of action is to be taken when an organism has 
been isolated from a urine sample. The different 
factors (attributes) affecting the outcome may in- 
clude such things as how much grew, what grew, 
is there evidence of pyuria, what is the nature of the 
sample and what sort of patient is the sample from. 
These attributes can be considered as a decision 
tree, and one that describes this situation might look 
like the example in Fig. 2.3, If such a decision process 
can be programmed into the laboratory system, the 
computer may be able to assist the bench worker in 
conducting the investigations and prompt where 
deviations have occurred from the normal working 
practices of the department. This has the additional 
benefit of putting a control process into the working 
practices of the laboratory, whereby the laboratory 
manager can dictate how particular investigations 
will be undertaken, who can conduct such tasks and 
which senior members of staff can over-ride the rules. 


> 10° cfu/ml: Pure or predominant growth? 


NO: Reject 


YES: Perform sensitivity tests 


< 10° cfu/ml: What was the sample type? 


Sterile collection*: Perform sensitivity tests 


Non-sterile collection: Was there pyuria > 30 WBC/cu mm? 


NO: Reject 


YES: Perform sensitivity tests 


Fig. 2.3 A decision tree relating to the possible actions ‘resulting from isolation of a potential pathogen from a urine sample. 


* Sterile collection: suprapubic aspirate, endoscopic urine. 
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An example would be a laboratory manager who into a decision tree. Even on systerns where careful 
has decided that the isolation of Staphylococcus aureus attention has gone into the data storage design, com- 
should not be reported unless a DNAse test has pilation of the rules that will govern how the system 
been done, although under special circumstances __ will run is a time-consuming process. 
senior staff may be authorized to issue reports on the There are several ways in which rules may be 
basis of a positive coagulase test only. programmed into the system. The most basic way is 
Decision trees are an efficient way of representing by induction from truth tables. In this method the 
knowledge. They are easy to understand and show a full set of examples is created covering all combina- 
priority structure of attributes, yet are still compact tions of attribute values. The expert is then asked 
and provide the optimal speed of execution of the to give the outcome of each example, determining 
rules they contain. Tasks may also be linked into whether the combination is valid and what further 
the decision tree to improve the knowledge base course of action is required (Table 2.1). Rule induc- 
further, These tasks may be by forward chaining, tion will then take these examples and convert them 
where the outcome of one task — a positive coagulase into a decision tree chaining them to related tasks. 
test — causes the execution and evaluation ofafurther This does not produce any generalization in the 
task - a DNAse plate. Alternatively, tasks may be induced tree, since the full example set is defined, 
backward chained, where the task determines a need but for more than a few tests with several outcomes 
for further information and evaluates a linked task it becomes an impossible task to program. A more 
to determine the required information; for example, usual approach is to define a truth table for a 
when a coliform is isolated from urine at 10* cfu/ml limited data set and instruct the system to prompt 
the computer may evaluate the previously conducted for technical or clinical decision input when an 
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white cell count for evidence of pyuria. undefined combination is encountered. 

Most of the new generation of laboratory systems A more satisfactory method for generating a 
have a fairly extensive set of rules built into them rule-based system in microbiology, where the rules 
and are often referred to as ‘rule-based systems’. are often not well defined or are difficult to express, 
However nowhere is the old adage of ‘garbage in, is by ‘induction by iterative example entry’. The 
garbage out’ truer than in relation to rule-based expert is required to enter a smal! number of exam- 
systems. Traditionally, the development environ- ples and a basic decision tree is then induced to be 


ments of rule-based expert systems have required the examined by the expert. This will normally sumulate 
expert to enter a large number of rules describing the the expert to give more examples to refine the gener- 
domains of expertise of the system. This is invariably alizations seen in the decision tree. The cycle of 
very difficult because poor structuring of reference modifying examples, inducing and then examining 
files and illogical data design may prevent the correct trees is repeated until a satisfactory decision tree 
linking of the various attributes of an investigation is obtained. Such a system draws naturally on the 
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White cell count on lsolate on culture Purity of culture Organism count Outcome 
microscopy (mm**) (per m! urine) 
. <30 eo. ee MEU a im face, _ Normal - issue report 

< 30 Coliform Pure/predominant 10° Normal — issue report 
< 30 Coliform Mixed |: a Normal — issue re port 

| <30 Coliform Pure/predominant 10*—10° Uncertain — ask 
= 30. —_ $2 ‘Coliform Mixed 10*—10° Abnormal — add comment 
< 30 Coliform Pure/predominant > 10° Abnormal — sensitivity 
< 30 , Coliform Mixed >10° Abnormal — add comment 
> 30 Nil _ - Abnormal — add comment 
> 30 Coliform Pure/predominant 10° Uncertain — ask 

| >30 Coliform Mixed 10° Abnormal — add comment 
> 30 Coliform Pure/predominant 10°-10° Abnormal — sensitivity 
> 30 Coliform Mixed 10*—10° Abnormal — add comment 
> 30 Coliform Pure/predominant > 10° Abnormal — sensitivity 
> 30 Coliform Mixed > 10° Uncertain — ask 
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knowledge of the expert, who finds giving an answer 
to a specific case or situation more natural than 
composing rules. 

Exception tree building offers another simple 
method of generating the rules. By defining a default 
outcome followed by a series of exceptional cases 
the knowledge base can be quickly defined. For 
example, all coliforms can be sensitive to nitrofuran- 
toin except Proteus spp. Each exception builds on 
previous entries, allowing complex definitions to 
be built up. This is a very quick and easy way of 
expressing knowledge, covering a wide range of 
possibilities with the minimum of effort and is prob- 
ably the most applicable method for a microbiology 
system. 

Induction from data files of examples is a natural 
progression from using examples from an expert. 
Here the examples are the actual patient sample 
reports already stored in the system, and the rules 
are based on the assignment of outcomes to indi- 
vidual reports. For example, a urine sample with 
nothing seen in microscopy and no growth on culture 
has an outcome assigned to it of ‘Normal — issue 
report’. If a large enough number of examples is 
assigned in this manner, the system matches the 
request to be signed out to a similar combination of 
events in the database and takes the most probable 
outcome. For those requests without an example in 
the data files, or a low probability outcome (e.g. 
in only 60% of examples is an outcome taken) the 
system sends the request to clinical/technical ap- 
proval and records the actions taken. From such 
an approach the system is able to learn from the 
expert and continually refine the rules built into the 
system, Obviously such an approach is fraught with 


‘problems but with the increasing power and speed 


of computing it offers an exciting prospect for the 
future. 


Authorization and report validation 


This part of the system must be efficient, requiring 
the minimum time compatible with maintaining the 
quality and clinical relevance of reports. Final 
checking of reports before release to clinical users is 
vital, but this need not always be by the authorizer 
in person. For example, simple negative reports can 
be automatically validated against pre-set criteria, 
e.g. for throat swabs from patients with tonsillitis 
that show ‘No B-haemolytic streptococci isolated’. 
Checking of reports can be by senior technical, 
scientific or medical staff, depending on the staff 
structure and functions within the laboratory, and 
will occur on screen before printing of the reports. 
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Access to authorization must be controlled by secu- 
rity password and limited to appropriately qualified 
staff. While it was once felt that all reports should 
be validated by a medical microbiologist, most 
computer systems are too slow to allow this without 
using unacceptable amounts of time of the medical 
staff. In general, the screens used for report validation 
should be uncluttered and provide only the informa- 
tion needed to form judgements on the report. 
It should be possible to validate the report as a whole 
— that is, as a group of tests and not test-by-test 
(e.g. for microscopy, culture and sensitivities sepa- 
rately). Importantly, it must be possible to modify 
the report easily by suppressing or releasing the 
suppression on some results, e.g. antibiotic sensiti- 
viues, and by adding comments or changing any 
part of the report. It is also of great value to have 
easily available the clinical details of the patient, the 
requester and any information related to the speci- 
men type, whether on the original request form or 
in the computer. In a paperless system it should be 
possible to review all the technical working involved 
in producing the report. Easy access to previous 
patient specimen reports is a great advantage, as is 
the ability for the VDU to simulate accurately how 
the printed report will appear. For reports that are 
released manually the name of the person authorizing 
the report should appear on the report form and on 
the ward/clinic VDU screen. Clinical users find that 
this provides a useful contact point for discussion 
of results and clinical problems. 


VDU/report formats 


These may be individual to each pathology depart- 
ment in a hospital, but there is much to be said 
for common patient and specimen information at 
the top or bottom of the report or VDU screen for 
all laboratory disciplines. Obviously it is more diffi- 
cult to standardize the results of specimen analysis 
across all disciplines. In general, inadequate attention 
is paid to VDU and report formats. The VDU for- 


mats within the laboratory are important for staff 


using the system regularly, whereas ward enquiry 
screens and printed reports provide a ‘window’ 
through which the activities of the department are 
seen. Screens should show only the minimum data 
required for performing any particular task and all 
the information reasonably required should be dis- 
played. Duplication of data on VDUs or reports 
should be avoided and there should be easy division 
of results into microscopic and macroscopic specimen 
appearance, culture results and, if appropriate, sensi- 
tivities and comments. 
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The text used should be of a size that is easy to 
read, and positive and negative results should be 
easily differentiated — perhaps by using different 
combinations of upper and lower case letters. The 
VDU report on a ward terminal should appear 
as similar as possible to the printed report and user 
opinion as to their suitability should be canvassed. 
Many departments use dot matrix printers but laser 
printers usually give a report of better quality. 

Much can sull be done to improve the presentation 
of many systems used in laboratories. For example, 
few main systems use colour, a mouse or windows, 
and very few pathology reports are printed in more 
than a single colour. Few if any systems can print 
in bold type or change the character styles within a 
report. Since all these functions are widely available 
on PCs and word processors, hospital systems often 
appear colourless and old fashioned, whatever the 
quality of other parts of the software. 


The post-analytical phase 


Whereas in the analytical phase the disadvantages 
of data inputting may be balanced, or not be com- 
pensated for, by ease of result look up, review of 
patient’s past specimens, increased ability to com- 
ment on reports or clarity of printing, in the post- 
analytical phase the ability of computers to analyse 
the stored data provides considerable benefits. 
These advantages lie in the areas of infection control, 
epidemiology, management functions, research, 
stock control and the potential to manage demand 
on the service. 


Infection control 


While computers have been widely discussed as 
useful tools for handling relevant data, little has 
been published on the use of computers in infection 
control. The use will vary with the type of infection 
control structures in place within the hospital. For 
example, in the UK printouts of ‘alert’ organism by 
patient location are the most commonly used, e.g. 
respiratory syncytial virus, group A streptococci, 
MRSA, Clostridium difficile. Computers also have 
advantages in producing listings, charts and graphs 
to help convey information to clinicians about 
hospital infection, and provide statistical packages 
for analysing trends in infection by hospital ward or 
consultant. 

However, computers can also be used for more 
complex nosocomial infection surveillance, not only 
in analysing trends in infection but also in identifying 
high-risk patients. For tasks such as calculating infec- 
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tion rates interfacing with non-Jaboratory systems 1s 
required, so that denominators such as bed occu- 
pancy can be used. Defining patients as at high risk 
of infection may be of value in continuous surveil- 
lance and such analysis can be based on laboratory 
data, such as positive blood cultures, wound swabs 
or urine samples. They may also be based on nursing 
databases, so that factors such as agé, underlying 
diagnosis, mobility and length of hospital stay can 
also be used to define risk groups. The Health Evalu- 
ation Logical Processing (HELP) system developed 
in Utah, USA, integrates many hospital systems to 
use pre-set criteria to define infection rates. It uses 
information such as laboratory results (microbiology 
database), previous admissions (patient administra- 
tion), type and duration of surgery (theatres), isola- 
tion procedures (nursing), purulent secretions 
(physiotherapy) and antimicrobial use (pharmacy) to 
define infection automatically. However, such ap- 
proaches are not yet fully validated and are rarely 
used outside the USA. 


Epidemiology 


Analyses of antimicrobial susceptibility by organism 
group, location or disease condition are valuable 
in ensuring that antimicrobia) agents used in blind 
treatment of infection are likely to be effective against 
potential pathogens. Such data are often employed 
by infection specialists defining hospital antibiotic 
policies and by Drug and Therapeutic Committees. 
Bacteriology laboratories should produce regular 
sensitivity ‘league tables’ to guide GPs in the choice 
of antibiotics for blind therapy of urinary tract 
infections in the community. Computers can also 
provide ad hoc searches to define seasonal trends in 
infection, e.g. salmonella isolation in an infectious 
diseases ward. They may also be used to produce 
lists of isolates to be reported to national centres for 
collation of infection data, such as the PHLS Com- 
municable Diseases Surveillance Centre in England 
and Wales or the Communicable Diseases Unit in 
Scotland. 


Management functions 


The past decade has seen continuing ughtening 
of control processes for management of resources 
within pathology services in the UK. The central re- 
quirement to monitor workload and manage demand 
has presented difficulties for many computerized micro- 
biology departments, as most systems introduced 
in the early 1980s were designed for ease of use 
at bench level rather than for efficient collection of 
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workload statisnes. Few systems have been able 
to comply with the Korner Dataset, let alone the 
extensive requirements which have stemmed from 
the White Paper “Working for Patients’ (1989). For 
non-computenzed departments, collection of work- 
load figures has always been a problem, as the figures 
collected are crude and based on laborious manual 
collection of data. Such statistics are often collected 
by discrete sampling and extrapolation to give annual 
figures, and, by their very nature, are only approxi- 
mate. This has put non-computerized departments 
at an increasing disadvantage and is often cited as 
the reason for computerization. As indicated earlier, 
efhicient retrieval of information from any database 
relies on a logical data design for that database and 
a rational approach to coding. Good database design 
is often degraded by permitting extensive use of 
free text rather than coded input. A simple example 
would be the use of a code for ‘Pyrexia’ under clinical 
details, as opposed to the free-text entries of pyrexia, 
raised temperature, high temperature, or 39°C fever, 
It is obvious that this range of input would cause 
many problems when searching for patients pre- 
senting with pyrexia. In general, computer searches 
will detect coded items only and free-text entries will 
be lost from the search. 

Statistical analysis is one of the major areas in 
which resource is wasted in relation to computing. 
All too often it is possible to be carried away when 
requesting information from a system, with large 
amounts of paper, processing or staff time going 
into a poorly thought out search. A 100-page printout 
detailing the workload activity of the department 
over the past 3 months may look impressive but 
is unlikely to be of value unless condensed into 
summary tables. It is important to remember that 
information which cannot be interpreted has little if 
any value, and just represents a cost overhead to the 
department. This also raises the question of informa- 
tion requested by bodies outside the department; 
this carries an overhead to the department and pro- 
duces information of low value to the department, 
although it may be of high value to the users of the 
service or to the organization to which the depart- 
ment belongs. With the increasing move towards 
contract-driven pathology services and the asso- 
ciated monitoring this brings, information is rapidly 
becoming a resource requiring careful management. 

Three basic approaches are possible in defining 
workload statistics: (1) the number of samples or 
tests; (2) the costs associated with the samples; (3) 
staff time associated with the samples. The use of 
any one, or even a combination of these, falls far 
short of providing a true assessment of workload 
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which might be used to compare different depart- 
ments. By far the most important use of such 
figures is for comparative purposes, such as to detect 
changing patterns of work. Taken individually, each 
of the three approaches has its merits, but each 
requires a full understanding of how the figures are 
derived, Collection of data by sample numbers is 
by far the simplest but takes no account of how many 


samples were positive and had extra work conducted. 


Thus, 100 urine samples from an antenatal clinic 
or from a urology out-patient clinic would appear 
to be equivalent by sample numbers, but because 
of the higher positivity rate in samples from the 
urology clinic these might represent two or three 
times as much work. 

Statistics compiled on the basis of cost, with or 
without inclusion of staff time, are also prone to 
error, as costs are frequently assigned on the basis 
of an average investigation. Some systems are now 
beginning to cost individual. investigations on the 
basis of materials actually used, right down to the last 
pipette tip. While this sounds ideal, the difficulty of 
keeping current prices on the system for the number 
of items used within a microbiology department 
tends to outweigh the advantages of this approach. 
The third approach, determining workload by the 
amount of staff time, again suffers from a similar 
problem when average values are used. To calculate 
figures based on the tasks performed presents so 
many errors in timing the individual components of 
the task (e.g. the time taken to pipette 60 of 
urine into a microtitre tray) as to make the cumula- 
tive figure of dubious value. It is not uncommon to 
find sections of the laboratory working at ease when 
apparently well above 200% capacity while others 
are struggling to meet 50% capacity! Only an ac- 
countant, or someone who has never worked in a 
laboratory, would put much trust in such figures; 
however, they do give an accurate way of monitoring 
changes in workload. 


Management of demand on microbiology 
services 


In haematology and chemical pathology there is 
evidence that providing clinical users with infor- 
mation on the number and type of tests they order 
modifies requesting patterns and reduces the num- 
bers of tests requested by high users (why use by 
low users is not increased has not been established). 
The information provided can be based on crude 
numbers of tests ordered, tests per in-patient or 
out-patient, or tests per clinical diagnosis, e.g. acute 
appendicitis. It is usual to compare each consultant’s 
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use of the service with that of comparable colleagues. 
Such approaches to containing pathology costs are 
likely to be widely used in the future in the UK; 
however, despite its superficial attraction, no large 
surveys have shown this approach to be effective in 
microbiology. 


Research and development 


Data in the main computer can be used to provide 
lists of patients with defined conditions for further 
study, e.g. where pneumococci were isolated from 
CSF. Similarly they can be used to provide data on 
the occurrence of resistant isolates, so that these 
can be retained for subsequent typing or exploration 
of the molecular or genetic basis of their resistance. 
PCs have proved very useful in data analysis and 
are required in most laboratory studies where large 
amounts of data are collected and stored. Down- 
loading data from the main laboratory computer to a 
PC for subsequent analysis is usually more effective 
than undertaking complex searches within the main 
computer system. 


SYSTEM COSTS, UPDATES, STAFF 
IMPLICATIONS, IMPLEMENTATION AND 
MANAGEMENT OF CHANGE 

Finally it is worth considering some general topics 
that do not easily fit into the analytical, pre- and 
post-analytical sections discussed above, e.g. issues 
of maintaining a computer system, implementing a 
new system, the impact information technology may 
have on the staffing requirements of a laboratory and 
the use of information to help cope with change. 


System costs, lifespans and updates 


When introducing a computer system, departments 
should expect it to be able to develop and grow in line 
with the requirements of the department. Purchasing 
a system that cannot be updated (closed) may meet 
the current requirements of the department but 
will inevitably leave the department vulnerable to 
later changes in information requirements. For 
systems which can be updated, the temptation to 
request numerous small! changes on an ad hoc basis 
should be resisted in preference to regular system 
upgrades containing a number of co-ordinated 
changes. The advantages include a reduction in time 
taken to ‘de-bug’ the system, establishment of a 
recognized planned and prioritized development 
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program and a more cost-effective approach to 
programming by the software supplier. 

With an active development programme and regu- 
lar system upgrades there should be no reason to 
expect a system to have a finite lifespan. The reasons 
for replacing a system often relate to the hardware 
on which it is running, which may become obsolete 
or uneconomic to support. It is often not possible 
simply to upgrade hardware’ without extensive 
rewriting of software, which in itself may be an un- 
economic proposition. Occasionally, systems may 
become obsolete because of the language or way in 
which they are written, though these issues would 
normally be addressed through the upgrade proce- 
dure. Other reasons for system replacement may be 
that data produced by the system are inadequate 
for the information requirements of the organization 
to which the department belongs or that the system 
simply does not fit in with the organization's 
approach to computing. 

When purchasing a system close attention must 
be given to the hardware specifications provided by 
potential software suppliers. In our experience, these 
tend to be at the lower end of what would be expected 
to run the system and provide little room for further 
development. Consequently, there are advantages 
in a critical review of hardware specifications at the 
time of purchase, rather than run the risk of having 
to apply for further funding for a hardware upgrade 
shortly after implementation. 

Ten years ago, in considering a microbiology com- 
puter system, the prime requirements related to the 
functioning of the department. This insular approach 
is no longer valid and when purchasing a new system 
close attention needs to be given to ensuring that 
it has the ability to interface and exchange data 
with other hospital-based computer systems. ‘There 
is no doubt that we shall increasingly see fully inte- 
grated hospital information systems where each de- 
partment’s system is a module feeding and retrieving 
data to and from a central core system. With such 
an approach compromises may be needed in the 
individual modules — quite how extensive these are 
may ultimately relate to the degree of autonomy of 
individual departments within the organization. 

In moving towards a hospital-wide system there 
are advantages of compatibility if all hospital software 
is purchased from a single supplier. However, this 
is rarely a viable proposition and most sites will end 
up with systems from a number of software manu- 
facturers on site. Integrating the various systems 
under a common environment is always difficult as 
the respective software developers are, understand- 
ably, reluctant to give open access TO file design 
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structures and programming status. They will often 


insist On writing the interface for their own system, 
and it is not unusual to find that only unidirectional 
fiow of data is possible, e.g. the system may be able 
to obtain patient demographic data from a central 
database but not update it in cases where it is incor- 
rect. The problem of compatibility and interfacing 
is best addressed as part of the purchase arrangement 
made with the supplier and should certainly be 
included in any operational requirements sent to 
potential suppliers. 


Staff implications 


A laboratory with a computer is faced with problems 
associated with the need to develop and maintain 
additional computing skills. In general, increased 
clerical staff time has to be found for inputting data 
to the system. Similarly, increased medical and 
scientific staff time may be required for validating 
reports. In addition, staff time has to be found for 
updating and developing the system in line with 
advances in laboratory techniques or new demands 
for information. Computer skills must be spread 
widely within a department, including medical, 
technical and scientific staff, so that loss of any one 
individual does not impair maintenance or develop- 
ment. In large laboratories a specified individual 
should be responsible for information technology, 
with a formal deputy to provide cover during ab- 
sence. This may have an impact on costs, requiring 
recognition of specific skills by increased salaries. 
As the demand for information from pathology 
databases increases, it is likely that further clerical 
staff will be needed to collate this data for senior 
managers in laboratories. 


Implementing a new computer system 


Early in the implementation process a decision must 
be taken as to whether the system will be a stand- 
alone system for use only within the department, a 
stand-alone system that also provides user enquiry 
from locations outside the department, or a system 
in some way integrated with other hospital systems. 
All three approaches have their merits and decisions 
are usually based on the level of hardware provided 
elsewhere across the site. 

Integration into a central hospital system has 
obvious advantages, in that items such as patient 
demographic detail can be shared between systems, 
removing the necessity for each system to create and 
update its own records. A further advantage is that 
users Can view results generated from all laboratory 
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disciplines at the same enquiry, permitting easier 
access and better interpretation of results. Set 
against these advantages are the problems of trying 
to maintain a clean database when so many users 
have access. Some sites avoid this problem by allow- 
ing departmental systems only to view, rather than to 
update, data held on the central patient database. 
This is unsatisfactory because a-variable proportion 
of samples received in pathology laboratories will be 
from patients not included in the hospital system, e.g. 
samples received from GPs or referred from other 
hospitals. Having a stand-alone microbiology system 
with ward access via a network avoids the mainte- 
nance problem for the. patient database but means 
that users have to make separate enquiries in each 
separate laboratory system. Further difficulties may 
result for users where different systems use different 
ways to access data, and when results may occur 
in more than one file because of spelling variants 
of a patient name, errors in reading the date of birth, 
etc. Certainly it is easier for the user if all hospital 
systems present data in the same format and use a 
common approach to the coding of data items. There 
are also advantages in software support, as only one 
way of doing things needs to be remembered. 

A simple stand-alone system with no access from 
outside the department is probably the easiest system 
to manage, as all facets of the system are under the 
sole control of the laboratory. Coding structures can 
be illogical and quirky, and screen displays can be 


in shorthand format, because the laboratory users 


are familiar with the system, However, such systems 
are poorly perceived by clinical users who want 
direct access to their results, they have a low innate 
resilience and they impose a support burden directly 
on the department. It is unlikely that a department 
currently planning to purchase a new computer 
system would wish to implement such a stand-alone 
system, unless constrained to do so by cost. A better 
approach is to have a networked system with the 
software located on a computer external to the 
department. This easily provides for ward access 
and by centralizing computer services reduces the 
support demand and introduces a greater degree of 
security. Large central computers can be installed in 
a controlled environment, operate several depart- 
mental systems at the same time and maintain the 
required data security by regular back-ups. 

When a centralized computer policy is agreed, it 
is then a logical extension to centralize or integrate 
some of the databases or systems running on the 
computer, With a standardized approach to coding, 
screen display, hardware and software environment 
it becomes possible to collect or harvest data across 
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systems. This provides the organization to which the 
department belongs with the ability to centralize 
data and information management, leading in theory 
to better use of the data held and better central 
auditing, contract monitoring and billing. For exam- 
ple, all hospital activity on patients undergoing hip 
replacement can be monitored to provide a better 
estimate of the contract price; or all activity related 
to a particular ward or clinic can be examined to pro- 
vide a better understanding of the core activities of 
that unit. Obviously the ability to enquire across a 
number of computer systems is immensely powerful 
but requires a clear understanding of how data are 
stored and their relevance in order to obtain full 
value. 

Implementing a new computer system can be a 
stressful and unpleasant experience which, if per- 
formed badly, may have long-term impact on the 
efficiency of a laboratory. Ideally each step should 
be carefully evaluated and explained, but in practice 
considerable determination may be required to 
push through change. Microbiology systems may be 
bought off the shelf or developed with the aid of 
programmers — in either case the following considera- 
tions will apply. First, identify the key elements of 
report generation and workflow through the labora- 
tory and prioritize areas for software application and 
implementation, Of considerable importance is the 
identification of the key personnel, who need to be 
able to work together and communicate well with 
other members of the department. Most of the 
problems within the department or between the 
departmental implementation group and the com- 
mercial suppliers or programmers result from poor 
communication. Inadequate training and profes- 
sional arrogance on the part of laboratory and com- 
puter staff also impede implementation. All systems 
need to be tested to detect faults or ‘bugs’. The 
programmers are responsible for testing the logic 
of their programs but it is the user’s responsibility 
to oversee system testing, which is the first stage of 
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implementation. The user must prepare test data 
that will vigorously explore the operation of the 
new system. The time required for this is difficult to 
estimate but is always time well spent — if it is evaded 
or skimped errors will occur in live running and result 
in considerable disruption. 


Computers and managing change : 


As microbiology databases contain information on 


the origin of specimens, the type of specimen and 
the workload associated with each specimen, it may 
be possible to extrapolate likely changes in work 
patterns over several years. These can be compared 
with likely financial constraints and staff availability 
to highlight when staff changes may need to be 
made. Specific management computer systems can 
be used to estimate staff time and consumable 
costs in processing specific specimen types and how 
these may change in a variety of different options. 
While such uses of computers are uncommon in UK 
laboratories the practice is likely to increase and is 
already established in North America. 


CONCLUSIONS 





Computers will become increasingly used in all 
microbiology laboratories. While it is common for 
jaboratory staff to be confused by the jargon sur- 
rounding their use, it should be remembered that 
computers are tools to be used like any other piece 
of laboratory equipment. As such they have to be 
used imaginatively and flexibly if the maximum value 
for staff, clinical users and the hospital is to be 
derived. A computer system is only as good as the 
people who program and run it. Computers wil] not 
make poorly organized departments efficient or solve 
the problems of under- or inappropriate staffing, 
but they may provide the information to help solve 
these problems and to provide a better service. 


APPENDIX: GLOSSARY OF COMMONLY USED 
COMPUTER TERMS 


Archiving: The removal of data from the computer System for 
storage on alternative media but with the capability to 
retrieve data. 

Audit rrail: The recording of all events relating to a data item. 

Back-up: The process of taking a copy, usually for security 
purposes, of the information held on the computer. 

Rackward chaining. A process whereby the interpretation of a 
test is linked to the result of a previously conducted test 
(cf. forward chaining). 
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Barcodes: A specific form of data coding for rapid entry by an 
automated reader. 

BASIC; A high level programming language. 

Batch entry: A rapid method of applying the same result to a 
number of different samples. 

Bugs; System software errors. 

Central processing unit: Usually in relation to personal 
computers, and referring to the semiconductor which 
carries out the main data processing, 

Coding: The abbreviation of data, with or without the use of 
structuring. 

Coding structures: The way in which codes for individual data 
items are divided (see coding and coding subsets/trees). 
Coding subsets/trees: The inter-relation between different data 

items within a logical grouping. 

Computer language: The way in which instructions governing 
how the computer operates are structured. 

Computer system: The collective term for software and 
hardware. | 

Computer terminal: The collective term for a monitor and 
keyboard when used remote from the main computer. 

Coms: A collective term for all of the communications 
equipment and software linking the computer to peripheral 
devices or to other computer systems. 

Culling: Thé removal of data from the computer systern but 
without provision to re-access the data. 

Data acquisition: The process of entering data into the 
system, which can be either manual or electronic, 

Data analysis: The process of analysing data held within the 
computer so as to generate new information, 

Database: A way of storing information where entries are 
stored as discrete records. 

Data capture: The collection of information, usually 
electronically, from an external source without input by the 
user. 

Data entry: Entry of information into the computer, usually 
relating to test requests or results. 

Data item: A discrete piece of data. 

Data outputs: The way in which data stored in the system is 
presented to users of the system. 

Data processing: The act of data analysis. 

Data recail: The retrieval of information stored by computer. 

Down loading: The extraction, usually to a smaller computer, 
of data held within the main computer system. 

Down ume: The period of time, planned or unplanned, for 
which the computer system is unavailable. 

Files: The storage of related data items. 

Floppy disc: A storage medium capable of storing a limited 
amount of data but which can be freely moved berween 
computers. 

Forward chaining: A process whereby the interpretation of a 
test is linked to the result of a further test, the result of 
which was not present when the first test was conducted. 

Hard disc; A storage medium built into the computer system 
with the capability of storing large amounts of data. 

Hardware: The collective term to describe all of the physical 
parts and equipment associated with a computer. 

Host system: The major or controlling computer where two 
computer systems are interfaced or linked. 

Hubs: The controller at a point where data flow changes from 
being passed along a single line or wire to multiple lines or 
wires. 

Information technology: A general term to describe the 
generation of information from data stored on a 
computer, 

Internal rules: Rules programmed into the computer which 
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define the course of action to be taken when a certain 
sequence of events occurs. 
Keyboard: The alphanumeric keyboard attached to the 
computer or terminal, which may contain special function 
keys and is commonly used for data entry. 
Light pen: A hand-held reader for barcodes. 
Limit checking: The process of checking that the response | 
given to a particular test is within a pre-defined range, | 
Logical data design: The structured storage of data so as to 
facilitate the rapid retrieval of individual data items. 
Mainframe: An out-dated term used to describe:a large 
computer system. 
Maintenance routines: Routines which permit the system 
manager to ensure that data stored on the system has not 
been corrupted and to manage the data stored on the 
system. 
Manual procedures: Procedures which are followed in the | 
event of a computer failure. : 
Marked cards: A system whereby the position of marks made 
on a card represents data to be entered into the computer 
by the use of an optical reader. 
Modems: Devices for sending computer data over a telephone 
line. 
Mouse: Device for controlling the position of the cursor on 
the screen, most commonly used to select items from pick 
lists or menus, 
MSDOS/DOS: Disk Operating System, developed by 
Microsoft Ltd, a low-level language governing the basic 
operations of the computer. 
Muluplexer. A device to allow several computers or terminals 
to share a single cable for data transfer. 
Overdue reports: Requests which have not been completed 
within a pre-defined time period. 
Paper-based system: A system where the intermediate working 
involved in the processing of a request is made externa! to 
the computer and only the final results are entered into the 
computer. ! 
Paperless system: A method of operating a clinical laboratory 
system whereby all workings relating to the processing of a 
request are made in the computer and no paper records 
are kept. 
PAS: Patient Administration System, as used in most major 
UK hospitals. 
Personal computer (PC): A discrete computer capable of & 
supporting one user at a time and small enough to fit on a 
desk. 
PC architecture: The way in which the PC and related 
penpheral items, such as printer, interact. 
Punch card: A data entry system whereby a sequence of holes 
punched in a card encodes the data. 
Real ime: An event occurring at the present time. 


‘ Remote (electronic) requesting: The process whereby users of a 


service can request an investigation by entering 
information about the request directly into the computer, 
usually in the surgery or on the ward. 

Routines: Different ways in which a user can move through 
the various parts of the computer program. 

Screen refresh: The process of re-displaying a screen of data. 

Slave system: The minor or server computer where two 
computer systems are interfaced. 

Software: The collective term to describe the programs and 
instructions stored in the computer and which govern how 
it Operates. 

Software stability: A measure of how reliable the software is. 

Spreadsheets: A specific program allowing the mathematical 
manipulation of data by the use of cells to identify data. 
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Storage medium: The method by which data 1s stored on a 
long term basis, which includes floppy discs, hard discs, 
optical discs, tape streamers and magnetic tapes. 

Structures: The logical abbreviation of related data items, 
following a pre-defined and desirable set of rules. 

Test: A discrete element of an investigation having a single 
result. 

Third party software: Software obtained from a source other 
than the company that manufactured the computer or the 
supplier of the major computer program. 

Truth table: A look-up table which defines the course of 
action to be taken in the event of a certain set of 
circumstances being encountered. 

Updates: Release of a newer version of the software, which 
hopefully either performs a greater range of functions or 
has fewer bugs. 
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User friendly. A measure of how easy a computer is to use on 
the assumption that the user has only limited knowledge of 
the system. 

VDU (Monitor): Visual display unit, the screen on which 
information is displayed. 

Ward enquiry. The routine permitting non-laboratory based 
users to view data held on the laboratory computer. [he 
information available is often less than can be accessed by 
laboratory staff. 

Window: An additional but temporary workspace, 
superimposed on data already displayed on the screen. 
Mast commonly used for the display of code lists. 

Word processor: A piece of software for the handling of textual 
data. 

Worksheet: A method of display and entering the results for 
multiple samples, usually in matrix form. 
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Safety in the microbiology laboratory 


R. J. Fallon J. V. S. Pether 





Those who work in microbiology laboratories are 
exposed to danger of infection from clinica! specimens 
and laboratory cultures as well as to non-infective 
dangers such as cuts, electric shocks, fire, explosion 
of gases, burning by corrosive chemicals and chronic 
poisoning from exposure to toxic substances. In well 
regulated laboratories such incidents are rare, but 
constant attention is required. The risks must be 
understood and precautions taken on a pre-planned 
basis. The maintenance of good safety organization 
and technique is an essential part of the professional 
expertise of the laboratory worker. 

In many countries there is legislation to ensure 
that both employer and employee are aware that risks 
must be minimized as far as is reasonably practicable. 
In Britain there is the Health and Safety at Work Act 
1974, and some non-infective hazards are covered 
by The Electricity at Work Regulations 1989, and 
The Ionising Radiation Regulations 1985. Specific 
guidance for microbiology laboratories is given by 
Collins (1988) and by the Public Health Laboratory 
Service (1993) in England and Wales. Recently, the 
Control of Substances Hazardous to Health (COSHH) 
regulations 1988 have been extended to include 
infectious agents (see Collins 1990) and further 
legislation is likely, pending the harmonization of 
UK and European Union requirements for worker 
protecuion. 

This chapter gives guidance in respect of the risks 
of infection to microbiology workers and their 
supporting staff, and the prevention of the ‘escape’ 
of infectious organisms to the general public, e.g. by 
careless disposal of contaminated material without 
prior disinfection. 

Immunity derived from vaccination or from previ- 
ous natural exposure to infections gives useful pro- 
tection against the corresponding pathogens when 
encountered in laboratory work, but immunity may 
be incomplete and exotic pathogens may be met. 
All human excretions, secretions, blood, serum and 
tissues, similar materials from animals and eggs, and 


even uninoculated cell cultures should be regarded 
as potentially infectious. 


OCCURRENCE OF INFECTIONS 


The history of laboratory-acquired infection makes 
disturbing reading, and extensive compilations of 
cases aré reported. Sulkin & Pike (1951) sent ques- 
tionnaires to laboratories in the USA and identified 
1342 cases of laboratory-acquired infection, of which 
39 were fatal. Sulkin (1961) later described 2349 
cases, 107 fatal. Pike (1979) published a review in 
which the following were of special concern: typhoid 
fever, brucellosis, tuberculosis, hepatitis and fungal 
infections. 

Harrington & Shannon (1976, 1977) sent ques- 
tionnaires to 24000 medical laboratory workers 
in Britain and made a general survey of safety and 
health care in British laboratories. They found that 
in 1971-73 the general pattern of absence through 
sickness, and accidents, resembled that in other 
working populations, with less absence through sick- 
ness than in other comparable occupational groups, 
but with more tuberculosis, diarrhoea, dermatitis, 
hepatitis and shigellosis in the laboratory group. 

Most reports are of ‘numerators’, the numbers of 
infections recorded on a selective and incomplete 
basis. For a valid assessment of risks the numerators 
need to be set against ‘denominators’, the defined 
populations at risk expressed as person-years of. 
exposure. Such surveys of clinical laboratories ir 
Britain were carried out on a continuing basis by the 
Association of Clinical Pathologists. Questionnaires 
collected both numerators and denominators, allow- 
ing valid attack rates to be calculated and trends 
assessed. 

Crude attack rates of hepatitis fell sharply from 
123/100 000 person-years in 1970-74 to 27 in 
1975-79 (Grist 1981a). ‘These surveys were extended 
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to all types of infection and additional laboratories 
with, the help of the Institute of Medical Laboratory 
Sciences (Grist 1981b, 1983). The first 5 years of 
the extended survey confirmed the continued low 
incidence of tuberculosis, hepatitis, bacterial enteritis 
and other infections in laboratory workers (Grist 
& Emslie 1985), and further surveys revealed a con- 


tinued gradual fall in the infections (Grist & Emslie . 


1989, 1991, 1994), 


INFECTIONS OF SPECIAL CONCERN 
Tuberculosis 


Tuberculosis has long been recognized as a serious 
hazard to medical laboratory workers, In the British 
surveys, 33 cases were reported in the 5 years 1979-— 
83, an incidence rate of 43.8/100 000 person-years 
(Grist & Emslie 1985). Of the 33 cases, 12 were 
due to reactivation of pre-existing infection or to non- 
occupational factors. The highest incidence was in 
mortuary and necropsy workers and microbiologists, 
suggesting that the path of infection was air-borne. 


Hepatitis 


Hepatitis has been prominent over the years. In 
Britain the incidence fell sharply after 1974, and in 
the 5 years 1979-83 the survey revealed 23 cases, 
an incidence rate of 30.6/100 000 person-years. 
Fourteen of the cases were hepatitis B, and three 
cases not A or B were thought to have been acquired 
in the laboratory. One case died, a non-A non-B 
infection in a mortuary technician who had suffered 
cuts in his work but no known exposure to hepatitis 
(Grist & Emslie 1985). Six cases were reported in the 
1984-85 survey, one case of non-A non-B in 1986, 
and no hepatitis in 1988-89. In most of these cases 
no accident leading to infection was recognized, 
but the highest incidence was in haematology, bio- 
chemistry and mortuary workers, a finding compat- 
ible with exposure to blood and parenteral infection. 


Human immunodeficiency virus (HIV) 


HIV has rarely been reported to have been trans- 
mitted from a specimen to a laboratory worker, Its 
infectivity appears to be low. Only four reports of 
laboratory workers being infected with HIV appeared 
up to the end of 1992 (Public Health Laboratory 
Service Communicable Diseases Surveillance Centre 
1992). Although many health-care workers have 
been exposed to percutaneous needlestick inocula- 
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tion or splashing of skin or mucosa with blood or 
other fluids from HIV infective patients, very few 
have become infected (McAvoy et al 1987). How- 
ever, the consequences of infection are devastating 
and lead to the development of acquired immuno- 
deficiency syndrome (AIDS). Stringent precautions 
are therefore demanded when dealing with blood 
or body fluids from any patient, especially in areas 
of the country with many HIV carriers (UK Health 
Departments 1990), 

As HIV infection becomes commoner, it will 
be necessary to consider all clinical specimens as 
potentially dangerous, and laboratory staff should 
adopt suitable practices such as the wearing of 
gloves for much of the working day, and, in some 
circumstances, eye protection as well. Percutaneous 
injury and splashing of the skin and mucosae must 
be avoided when working with blood and body 
fluids. Guidelines for the handling of specimens from 
patients infected with HIV and other retroviruses 
have been issued by the Department of Health 
and the Health and Safety Executive through the 
Advisory Committee on Dangerous Pathogens 
(ACDP) (1995b). 


Enteric infections 


The 1979-83 survey revealed 21 bowel infections, 
all in microbiologists except for one medical virologist 
who blamed a chicken meal. Infections with shigellas 
outnumbered those with salmonellas and campylo- 
bacters. Accidental exposure in the laboratory was 
recorded in seven cases and suspected in several 
others. Ingestion is the likeliest route of infection. 

Laboratory-acquired infections with Salmonella 
typhi have in recent years been associated mainly 
with bad techniques in dealing with quality control 
specimens. Blaser & Feldman (1980) reported 24 
cases of laboratory-acquired typhoid fever in the 
USA in 33 months. In 21 of these cases the typhoid 
bacillus had been deliberately introduced for profi- 
ciency testing. One of the shigella infections reported 
in the British survey also arose from quality control 
testing (Grist & Emslie 1985). 


Other infections 


There is a continuing low level of infection with other 
microbes such as staphylococci and streptococci, 
and an occasional infection with brucella. Moreover, 
infection has recently been reported in workers using 
concentrated suspensions of Neisseria meningitidis to 
inoculate reagent strips for biochemical identification 
tests (Public Health Laboratory Service 1992). 
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The 1979-83 British survey included diarrhoea 
of uncertain significance, streptococcal sepsis in 
pathology and necropsy workers, and malaria follow- 
ing needlestick during collection of a blood sample. 
Brucellosis followed work on the open bench with 
blood cultures from an unexpected case and work 
on a culture sent to the UK for identification (Public 
Health Laboratory Service 1991). Infection was 
probably caused by an aerosol produced in manipu- 
lating the cultures. Work with Coxiella burnetii, 
rickettsiae, Chlamydia psittaci and Francisella tularensis 
have long been recognized to entail a high risk of 
accidental infection, and it has recently been found 
that bantaviruses can infect laboratory workers by 
aerosol (Lloyd & Jones 1986). 

All occupations have their special hazards, and 
although there are risks of infection in medical 
laboratory work they are well recognized and can 
be contained with good laboratory practice. If con- 
ditions change, practices may have to be reviewed 
and work carried out under enhanced containment 
(Advisory Committee on Dangerous Pathogens 
1995a). 


ROUTES IN INFECTION 


Inoculation 


Literally, incculation means the introduction of 
material into an ‘eye’, as in horucultural grafting, and 
by analogy it describes the deliberate or accidental 
introduction of infection into the body, particularly 
by a breach of an epithelial surface. Thus, it covers 


the introduction of infection into the human eye by 


splashing or by rubbing with contaminated fingers; 
injection through the skin by needlestick injury or 
by the bite of an ectoparasite; incision with a sharp 
instrument or broken glass; and inunction by rubbing 
of material onto the skin or a mucous membrane. 
Few pathogens can penetrate the intact skin or 
mucosa, but these epithelia may have small breaches 
that permit the entry of microbes. 


Ingestion 


Infection by mouth may take place by the licking, 
sucking or accidental swallowing of infective ma- 
terial; by splashing on to the lips; from touching the 
mouth with contaminated fingers, pen or pencils; 
by licking labels contaminated by the fingers; or by 
using the mouth in pipetting infected fluids. Mouth 
pipetting is particularly dangerous, for even if the 
mouth-piece contains a filter, its end is liable to 
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be contaminated by the fingers. Laboratory rules 
must forbid mouth pipetting (Health Services Advi- 
sory Committee 1991); there are adequate pieces 
of equipment which make it unnecessary. Eating, 
drinking, smoking and applying cosmetics in the 
laboratory must be forbidden. Hands should be 
washed on completion of work and also on leaving 
the laboratory. 


inhalation 


Infection may take place by the breathing-in of in- 
fected aerosol, ‘droplet-nuclei’ or dust. An aerosol 
is a cloud of small droplets of liquid in air. Most 
aerosols consist predominantly of droplets smaller 
than 0.1 mm in diameter, which dry within a second 
or so to become solid residues called ‘droplet-nuclei’. 
Droplets larger than 0.1 mm fall out of the air 
within 2 or 3 seconds and so are unlikely to be 
inhaled. However, droplet-nuclei are so small, mostly 
1-20 um in diameter, that they may remain air-borne 
for up to several hours and may be inhaled into 
the upper or lower respiratory tract, where any dried 
microbes they contain may initiate infection. 

Invisible aerosols are generated by any action that 
breaks the continuity of the surface of a liquid, e.g. 
the withdrawal of a loopful from a broth culture; the 
bursting of the film of culture in a loop; the vibration 
of a wire loop during an inoculation procedure; 
the sputtering of a charged loop during flaming; the 
mixing of a suspension with a loop or mixing equip- 
ment; the removal of a wet stopper, screw-cap oF 
cotton-wool plug; the expulsion of residual fluid 
from a pipette; letting liquid fall im drops into a 
container instead of pouring it smoothly down the 
side; the vigorous shaking or high-speed mixing of 
liquids; the dropping and breaking of culture plates 
or tubes; the centrifuging of overfull tubes or tubes 
with wet rims, or breakages in the centrifuge. 

The potential for producing an infectious aerosol 
is an important iter in assessing how any procedure 
should be done. If the hazard is high, the level of 
containment must be high (Advisory Committee 
on Dangerous Pathogens 1995a), e.g. im work with 
sputum which, unknown to the worker, may be 
contaminated with tubercle bacilli, or in work with 
a culture of brucella. 

Infective dusts consisting of particles small enough 
to remain air-borne for minutes or hours can be pro- 
duced by spillage of cultures onto the skin, clothing, 
equipment or floor. After drying, either in situ or 
on a cleaning cloth, the residue is readily fragmented 
by minor movements into a fine dust and dissemi- 
nated into the air. Clouds of infective dust can be 
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released by the opening of the containers of freeze- 
dried cultures or the withdrawal of cotton-wool plugs 
that have dried after being wetted with culture fluid. 

Convectional and other air currents quickly dis- 
perse droplet-nuclei and dust particles widely within 
the laboratory and also into adjacent rooms. Particles 
larger than 5 jim in diameter are deposited mainly 
in the nose and throat, while smaller particles can 
reach the bronchi and lungs. 


HAZARDOUS PROCEDURES 


A number of procedures: entail a particular risk 
of infection. Outstanding is the use of ‘sharps’, e.g. 
scalpels, needles and syringes, and breakable glass- 
ware instead of plastic equivalents; their use should 
be avoided as far as practicable. 

Syringe and needle. ‘The operator may puncture 
his skin with the syringe needle (‘needlestick’ injury) 
during use or disassembly, or another person may 
accidentally puncture himself with an improperly 
disposed, used needle. Aerosol may be liberated from 
a vibrating needle on withdrawal from a vein or cul- 
ture. Splashing or spraying may be caused by the 
forceful ejection of contents, especially if the needle 
is blown off the syringe. Moreover, the skin, clothing 
or bench may be contaminated by leakage from the 
syringe or backflow after injection into an animal. 

Pipetting. Infective material may be ingested in 
mouth-pipetting (see above) or may be disseminated 
to the surroundings in drips or aerosol, especially 
if the last drop is blown out. Infective materia] may 
be stabbed through the skin on a broken or fine- 
tipped glass pipette. 

Inoculating loop. Vibration of an inoculating wire, 
or ‘loop’, especially if more than about 4 cm long, 
may cause splashing and aerosol production. Flam- 
ing of a wet loop or cooling a hot loop in an agar 


plate, mixing a slide agglutination test or spreading 


a film may also produce aerosol. 

Petri dishes. Water of condensation on the agar 
or in the lid may become contaminated and spill onto 
the fingers or bench. 

Shaking or mixing. Shaking produces an aerosol, 
even in a closed container, and the aerosol may be 
released on opening the container soon afterwards. 
Gross contamination can occur from spillage or 
breakage. 

Centrifugation. Vibration can generate aerosol 
within the container. Careless loading or unloading, 
breakage during centrifuging, or premature opening 
after breakage can lead to gross dissemination. 
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Freeze-drying. Some contamination of air from 
the material being dried is inevitable, and the proce- 
dure should be done in an otherwise unoccupied 
room. The opening of the sealed ampoules is 
hazardous and should be done in a microbiological 
safety cabinet. 

Stoppering tubes. If a tight stopper is applied forci- 
bly, the tube may break, cut the hand and spill its 
contents. , | 

Microbiological safety cabinets. Unless properly 
installed, maintained and used, these cabinets can 
release infection into the air of the room or exhaust 
duct. Careless use may cause contamination of the 
surfaces within the cabinets, including the hands of. 
the user (see below). 

Animal procedures. Work with animals, including 
inoculation, collection of samples and performance 
of necropsy, affords many opportunities for injury 
and infection. Bedding contaminated with discharges 
and excreta can liberate infected dust. Apparently 
healthy animals may be carriers of inapparent infec- 
tions, e.g. simian herpesvirus B and lymphocytic 
choriomeningitis. 

Transport of specimens. Improperly closed and 
packaged samples may leak on to wrappings and 
forms. The outside of containers may become 
contaminated during collection of the specimen and 
should be treated as potentially infected on receipt 
in the laboratory. | 

Disposal, Contamination and injury may occur 
during the collection and decontamination of 
discarded cultures, specimen containers and used 
equipment, especially ‘sharps’. Procedures must be 
carefully planned and supervised as they are often 
performed by the least qualified staff, 
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SAFETY ORGANIZATION _ 


Safety codes 


Safety in the laboratory is the responsibility of all 
who work in it, whether management or staff. The 
basis of good practice is the identification and assess- 
ment of risks and the devising of procedures to mini- 
mize them. In Britain, safety at work is subject to 
statutory control (Health and Safety at Work Act 
1974) and the Control of Substances Hazardous to 
Health (COSHH) regulations 1988 and 1994 are a 
result of this legislation, Other relevant documents 
are “Safe Working and Prevention of Infection in 
Clinical Laboratories’ (Health Services Advisory 
Committee 1991), ‘The Categorisation of Pathogens 
According to Hazard and Categories of Contain- 
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ment’ (Advisory Committee on Dangerous Patho- 
gens 1995a), and ‘Protection Against Blood Borne 
Infections in the Work Place’ (Advisory Committee 
on Dangerous Pathogens 1995b). Internationally 
(World Health Organization 1983), in the USA 
(Centers for Disease Control/National Institutes 
of Health 1988, Occupational Safety and Health 
Administration 1991), and in the European Union, 
advice or directives on laboratory safety are available 
or in preparation. Laboratory workers in Britain must 
be familiar with the UK documents, which may be 
used by the Health and Safety Executive to enforce 
acceptable standards of practice. 


Hazard groups 


In Britain, guidance on the categorization of patho- 
gens (bacteria, chlamydias, rickettsias, mycoplasmas, 
viruses, fungi and parasites) into hazard groups 1s 
contained in the report of the Advisory Committee 
on Dangerous Pathogens 1995a). There are four 
groups, and the level of containment in which they 
are to be handled is related to their pathogenic 
potential, route of transmission, the epiderniological 
consequences of escape from the laboratory, and the 
relation to host susceptibility. 


Group I. Organisms that are most unlikely to | 


cause human disease. 

Group 2. Organisms that may cause human 
disease and may be a hazard to laboratory workers 
but are unlikely to spread in the community. Labora- 
tory exposure rarely causes infection and effective 
prophylaxis or treatment is usually available. 

Group 3. Organisms that may cause severe 
human disease and present a serious hazard to labora- 
tory workers. They may pose a risk of spread in the 
community, but there is usually effective prophylaxis 
or treatment. 

Group 4. Organisms that cause severe human 
disease and pose a serious risk to laboratory workers. 
They may pose a high risk of spread in the commu- 
nity and there is usually no effective prophylaxis or 
treatment. 

Only pathogens are listed in the report of the 
ACDP. Most fall into group 2. Those in groups 5 
and 4 are listed in Tables 3.1 and 3.2 and their 
footnotes. 

The European Union (EU) has also classified 
microorganisms in four hazard groups which are very 
similar to those of the ACDP (European Community 
1993 Council Directive 93/88/EEC), Member states 
may raise the hazard group of some organisms above 
that of the EU, but cannot lower that of any. Tables 
31 and 3.2 show the EU categorization in groups 
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3 and 4. The ACDP includes a few additional 
organisms in each of these groups, as shown in the 
footnotes to Tables 3.1 and 3.2. 

An important feature of the ACDP report is that 
categorization is the guide to the level of containment 
required for work with an organism. In circum- 
stances where the type of work or volume of material 
increases the hazard, the category may be raised to 
a higher level. Conversely, if the risk is reduced by, 
for example, working with a variant strain that 1s 
non-virulent or cannot survive except in special con- 
ditions, the category may be lowered after a proper 
and agreed risk assessment. The major organisms 
to be handled with level 3 or 4 containment are 
listed in Tables 3.1 and 3.2. 

The EU 1993 Directive allows member states to 
raise containment levels above those it prescribes, 
but not to lowez them beyond the removal of some 
restrictions (so-called ‘derogation’), as in the case of 
the organisms marked with an asterisk (*) in Table 
3.1. These latter organisms, e.g. Salmonella typht and 
Shigella dysenteriae type 1, are not considered to 
be infective by the respiratory route, so that respira- 
tory protection by safety cabinets may be omitted. 
Such protection, however, should not be omitted for 
work with dense suspensions and aerosol-producing 
procedures. 

Containment level 3 requirements for non-respira- 
tory pathogens apply to work with known cultures. 
Ir is impracticable in clinical laboratories to perform 
in level 3 facilities the preliminary work of isolation 
and identification from specimens such as faeces 
because there is a small chance that they may contain 
S. typhi or S. dysenteriae. When, however, the group 
3 pathogen has been isolated and identified, any 
further work must be done at containment level 3. 


Containment leveis 


The levels of laboratory containment are numbered 
according to the category of hazard which an organism 
presents. 

Containment level 1. As the organisms of hazard 
group 1 are normally harmless, the requirements 
for work with them are only that the laboratory can 
be easily cleaned and has washing facilities. As in all 
laboratories, activities that could lead to infecnon, 
such as eating, drinking, smoking, applying cosmetics 
and mouth-pipetting must be forbidden. 

Containment level 2. Most pathogens encountered 
in clinical laboratories fall into hazard group 2 and 
must be handled in containment level 2. The labora- 
tory should be easy to clean, of adequate size (24 m° 
per worker) and with access limited to the laboratory 


Ai 





PRACTICAL MEDICAL MICROBIOLOGY | 


pale Co Col in Diet ee ae, 2 
993 “e/a % 





A: BACTERIA, FUNGI AND D PARASITES. 
- BACTERIA : 
Bacillus anthracis 
Brucella abortus 
_, Brucella;canis:... .' 
», Bricella melitensis +: 
> Bricella suis oy ig 
. Burkholdefia mallei (Ps: ‘ialiei) = wit 
» Burkholderia pseudomallei (Ps. pseudomalle 
~/ Chlamydia psittaci (a vian’ siping only) 
_.Goxiella burnetii .<- 3. 
-Ehilichia sennetsu (Pioketisi sennetsu) 
 Bhilichia spp * 
Francisella fidarenisis (Tj a A). 
=M ycobactlerium africanuni fo 
-. Mycobacterium aviurvintra béliuiare 
‘ Mycoba cterium bovis 
_. Mycobacterium kansasii 
' Mycobacterium leprae 
~\| Mycobacterium maimoensae 
Mycobacterium microti*.. 
Mycobacterium scrofulaceum 
Mycobactenum simiae 
“ Mycobacterium szulgai. 
_ Mycobacterium tuberculosis 
© Mycobacterium: ulcerans* 
- Mycobacterium xenopi . 
Pseudomonas majilei ~ see Burkholderia 
. Pseudomonas pseudomallei — see Burkholderia 
_ Rickettsia akari - ! Ae 
Rickettsia canada 
Rickettsia conor -: 





; B. VIRUSES 
‘t ARENAVIRIDAE. : 
‘Lymphocytic’ chorlomeningtis virus: 


|.’ Flexel virus 
E Mopela.: 


Ps BUNYAVIRIDAE- 

~Akabane virus 
Germiston virus - 
Oropouche virus 
Hantaviruses: 

Hantaan (Korean haemorrhagic fever) 

‘Muerto Canyon’ virus 

Seoul virus 
Nairoviruses: 

Bhanja 
Phieboviruses: 

Rift Valley fever virus 


CALICIVIRIDAE 
Hepatitis E 


FLAVIVIRIDAE 

Flaviviruses: 
Dengue virus types 14 
Israel turkey meningitis virus 
Japanese B encephalitis virus 
Kyasanur Forest disease virus** 
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Rickettsia montana 

Rickettsia typhi (R. mooseri) 

Rickettsia prowazekii 
Rickettsia-rickettsji 
- Rickettsia tsutsugamushi 
‘Salmonella ‘patatyphi ABC”. eae 
Salmonella lyphil 0 27. Aven ee 


Shigella dysenteriae. (ype 7 y Bag Des 2 aie a 


Yersiya: pestis TINT, yd Sees soak ag 4S Ss 


“FUNG e --! mia le ore erat are 


Blastomyces dermatitidis Ree ‘ ere 


Coccidioides immitis LE PLS GY rang oe 


Histoplasma. capsulatum var éapsillatu 
Histoplasma capsulatum .var duboisil 
Histoplasma capsulatum var farctimosiim 

. Paracoccidioides brasiliensis =~" ."'. 
repaeans marneffei 


PARASITES . 
Echinococcus granulosus”. 

‘ Echinococcus multilocularis* 
Echinococcus vogeli* 
Leishmania brasiliensis". 
Leishmania:donovani" . 
Naegleria fowleri 
Plasmodium falciparum* 

. Taénia solium" 
Trypanosoma brucei mhodesiense* 
iypanqeoe cruzi 
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Muirray Valley sncbohdlile \ virus © 
Omsk virus** 


Rocio virus’: 


Russian spring summer encephalitis. 
virus. Sieey Seog 
Sal Vieja. vinis 
San Peflita virus 
Spondweni virus . 
St Louis encephalitis virus.’ eet! * | 
- Wesselsbron virus EE | 
West Nile fever-virus 
Yellow fever . 
Tick-borne virus group: 
Absettarov virus 
Hanzalova virus 
Hypr virus 
Kumlinge virus 
Louping ill virus 
Negishi virus 
Powassan Virus 
Hepatitis C group viruses: 
Hepatitis,C*. - 


HEPADNAVIRIDAE 
Hepatitis B virus* | 
Hepatitis D virus (Delta)* 
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HERPESVIRIDAE 
Herpesvirus simiae (B virus) 


POXVIRIDAE 
Monkeypox virus 


RETROVIRIDAE 
Human immunodeficiency viruses" — 
Human T-cell lymphotrophic viruses (HTLV) types 1 and 2° 
Simian immunodeficiency virus” 


RHABDOVIRIDAE 
Rabies virus 
Piry virus 


TOGAVIRIDAE 
Alphaviruses: 
Chikungunya virus 


Table 3.2 











Pathogens in European Union hazard group 


ARENAVIRIDAE FILOVIRIDAE 
Junin virus Ebola virus 
Lassa fever virus Marburg virus 
Machupo virus Reston virus 


BUNYAVIRIDAE POXVIRIDAE 
Nairoviruses: Variola (major, minor) virus 
Crimean/Congo haemorrhagic 

fever virus 
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Note: jn the UK the ACDP group 4 includes Arenaviruses: 
Guanarito and Sabia viruses; Flaviviridae: Kyasanur forest, 
Omsk and Russian spring—summer encephalitis viruses. 





staff and other specified personnel. Gowns, preferably 
back- or side-fastening, must be worn. An autoclave 
for sterilization of waste must be available. Hands 
and benches must be disinfected after work (see below) 
and material for disposal must be stored and handled 
carefully. All clinical laboratory suites must contain 
a class 1 microbiological safety cabinet (see below). 
Containment level 3. Work with category 3 hazard 
pathogens requires, in addition to the foregoing 
precautions, the siting of the laboratory in an area 
away from general circulation and the presence of 
a biohazard sign at its entry. A continuous airflow 
into the laboratory (plenum ventilation) must be 
maintained during the work and must be exhausted 
via a HEPA (high-efficiency particulate absorpuon) 
filter. Procedures must be done in a class 1 or class 3 
safety cabinet (British Standards Institution 1992). 
Gloves must be worn for all work with the infective 
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Eastern equine encephalomyelitis virus 
Everglades virus* 

Getah virus 

Mayaro virus 

Middleburg virus 

Mucambo virus 

Ndumu virus 

Sagiyama virus 

Tonate virus 

Venzuelan equine encephalomyelitis virus 
Western equine encephalomyelitis virus 


UNCLASSIFIED VIRUSES 

Blood-borne hepatitis viruses not yet identified” 

Unconventional agents associated with: 
Creutzfeldt-Jakob disease* 
Gerstmann-Straussler-Scheinker syndrome” 
Kuru” 





materials, To avoid materials being taken outside the 
laboratory, it should have its own equipment, incu- 
bators, centrifuges and refrigerators. Gowns must be 
autoclaved after use and before laundering. 

Containment level 4. This is the strictest category 
of containment. It requires sophisticated control 
of air movement and filtration as well as the use 
of sealed class 3 safety cabinets, a double-ended 
autoclave and many other safety features. Very few 
laboratories should work with category 4 pathogens 
and so need such expensive facilities. 

The requirements for the different containment 
levels are summarized in Table 3.3, but it is 
essential that laboratory directors in Britain read 
the ACDP report (1995a). Those elsewhere should 
consult their own national regulations. It should be 
noted that similar levels of containment are required 
for rooms in which animal work with pathogens is 
done. Although in Britain the ACDP report (1995a) 
superseded earlier categorizations, and revisions will 
continue to do so, there is much useful information 
in the BSAC document (Health Services Advisory 
Committee 1991). Work with certain category 4 
pathogens is subject to the Control of Substances 
Hazardous to Health (COSHH) regulations (1988) 
and some pathogens are subject to contro! by the 
Agriculture and Fisheries Department in the UK 
(Appendix 21 of ACDP report 1995a). 
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MICROBIOLOGICAL SAFETY CABINETS 


A revised British Standard specification was pub- 
lished in 1992 (British Standards Institution 1992) 


43 





<! PRACTICAL MEDICAL MICROBIOLOGY 





Containment measure 


Measure required at hazard level. 


: 1. atin a aN ee SE 

1. "Werkplace separate from other activities in building.» 7 - - . - + 3 aN 
2. HEPA air filtration to/from workplace i a8 - 7 cr a 
3. Access only for authorized. persons i SAN. Pehe ad = ay alo, ale 
4._Workplace sealable for. Aisintection : eens Titceae', @, - a as Ap eetoh 
5. Specified disinfection ~ wey ere Suet Paige Sieh be stil 

| 6. Workplace air pressure negative to strosphere* | 9 - tit oe: ate 
7.. Vector-control (rodents; insects) ° ta Be = Ee et te ae me 
8. -Surfaces impervious to water; easy to clean - eee ell +! ap fee ok Sc 5 
9. “Surfaces resistant to. acids, alkalis, solvents, disinfectants = gl ae my ee : 
10.- Safe storage of a. biological agent ~ - eget Si Me a 
11. Observation window. so that occupants can be | seen. - =" ek + * 
12. ‘Laboratory contains own equipment was tthe 5 te ace 49 45 

13. Infected material and any animals handled in a safety cabinet or isolator NA. eee ee ri 
14. Incinerator for carcases © ' wae cen NA + sph +™, 
15.. Wash basin. . + + + 

| 16. Effluent treatrnent - ~ - ie 

| 17. Shower re - ny + 
18. Autoclave available > a’ + roe 4° 


a, fequired on air extract; b, required on air input and sible on output; C, airlock and key required; d, required only i 
mechanically ventilated; e, required for work with animals; f, at level 1 required for bench, at level’2.for bench and floor and, with - 
animals, for walls, at level 4 for berich, floor, walls and celling; gy if practicable; h, if much aerosol produced; i, class 3 cabinet 


required; k, incinerator accessible; m, incinerator on-site; n,.in suite; 0, double-ended autoclave required in: saboratory 
* For use of Satety cabinets for extract ventilation, see ACDP. (19958). | 


and all new safety cabinets must conform to it. These 
cabinets provide a barrier between the worker and 
the infective material and are designed to prevent 
infection by splashing or aerosol. Three classes of 
cabinet are defined in the British Standard, the class 
required being determined by the degree of hazard 
and protection. 

Class 1. ‘These cabinets are open-fronted. They 
rely on the walls, glass upper front and integral tray 
to contain spills and splashes, An inward airflow of 
0.7—1.0 m/second provides a protection factor of at 
least 1.5 x 10°; this factor represents the number 
of particles which, if liberated into the air of the 
cabinet, will not escape into the room. The air-borne 
particles are contained within the cabinet and filtered 
from the exhaust air through a HEPA filter. | 

Class 2. These are also open fronted, but are 
designed to prevent airborne contamination of the 
work materials and reduce exposure of the operator 
to particles dispersed within the cabinet (Clark 
et al 1990). These two functions are achieved by 
recirculating filtered air over the work area while 
maintaining an inflow of air through the working 
aperture. Some of the air is exhausted through a 
HEPA filter. In ideal circumstances a class 2 cabinet 
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can provide a protection factor equivalent to that 
ofaclass 1. _ 

Class 3. These cabinets are totally enclosed and 
separate the operator from the work by an airtight 
barrier. ‘They are leak-free boxes with gauntlet gloves 
sealing the hand holes. They are scavenged by air 
entering and leaving through HEPA filters, the air 
pressure in the cabinet being kept less than that in 
the room. Plastic tents with filtered air inlets and 
exhausts (flexible film isolators) are a less robust 
alternative to rigid class 3 cabinets and are open to 
abuse. They are a development of the tent designed 
by Trexler & Reynolds (1957) to hold gnotobiotic 
animals and later adapted for nursing patients sus- 
pected of being infected with a category 4 pathogen. 
Guidance on their use, testing and maintenance 
is given by the Advisory Committee on Dangerous 
Pathogens (1985). 


Use of class 1 and class 2 cabinets 


Procedures such as shaking, mixing or ultrasonic 
disruption of any material likely to contain dangerous 
organisms should be done in a class 1 or class 2 
cabinet. In laboratories requiring level 2 or 3 con- 
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Fig.3.1 Acliass 1 microbiological safety 
cabinet is open-fronted. Air is drawn through 
the cabinet (past the operator at (A), through 
a HEPA filter in the exhaust trunking at (B), 
and then via an anti-blow-back system at (C), 
to be discharged at (D). The exhaust fan must 
be close to the discharge point. 


Fig. 3.2 Inclass 2 safety cabinets, which are also 
open-fronted, a unidirectional downward flow of 
filtered air flushes the working area and induces an 
inward flow at the front opening (A). The air may be 
partially recirculated (in some models) or it may be 
totally exhausted as shown here in simplified outline. 
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Fig. 3.3 A class 3 microbiological safety cabinet with four glove 
ports. Filtered air is continuously drawn into the totally enclosed 
cabinet via a HEPA filter (A) and exhausted through HEPA filters 
(B). The gloves are fixed to the ports so that the operators are 
separated from the work, Materials and equipment to be 
handled within the cabinet are admitted via ports that are then 
sealed by doors closing on to airtight gaskets. 


tainment, a class 1 cabinet is usually used for 
such work. Class 2 cabinets are preferred for work 


' with uninoculated cell cultures and other materials 
_ requiring protection from air-borne contamination. 


These open-fronted cabinets must be sited care- 
fully and should not be used if doors or windows 
are Open or persons are moving about the laboratory, 
for draughts may draw particles from the font of 
the cabinet into the room. Care must be taken that 
air from the cabinet is discharged safely to the out- 
doors well away from open windows and ventilation 
intakes. | 

Because these cabinets protect by virtue of correct 
air flow, this must be checked daily by viewing the 
airflow indicator (class 1), and monthly or weekly 
with an anemometer, to ensure that it lies between 
0.7 and 1.0 m/second. The anemometer must be 
serviced and recalibrated annually. Appendix 4 of the 
report of the Health Services Advisory Committee 
(1991) gives guidance on the use, maintenance and 
fumigation of these cabinets. 

Open-fronted cabinets depend on the pattern of 
airflow for protection of the worker. They cannot 
contain gross splashes ejected from a centrifuge, 
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which should never be placed in one. As their 
airflow pattern can be disturbed by any obstruction, 
they must not be overcrowded or cluttered with 
equipment. 

The cabinets must be disinfected after working 
with pathogens and always before any maintenance 
or change of filter. At the end of any day in which 
there has been a spillage or the completion of a cycle 
of work, and at least at weekly intervals or when a 
filter is to be changed or serviced, the cabinet must 
be disinfected with formaldehyde. 

Disinfection method A. ‘This method of disinfec- 
tion is applicable to cabinets with an internal electric 
power supply. Place 25 ml formalin (40% formalde- 
hyde) into a vaporizer, if available, or into a beaker 
on a hotplate. Close the cabinet and ensure that 
the exhaust blow-back valve is closed. Boil away the 
formalin. A thermostatically controlled heater and 
time switch is helpful in the absence of a vaporizer. 
The 25 ml volume of formalin is that recommended 
for a cabinet with an internal volume of about 
0.38 m’. 

Disinfection method B, Place 35 ml formalin in a 
100 ml beaker inside the cabinet, add 10 g potassium 
permanganate and seal the cabinet. The mixture will 
boil away in a few seconds, releasing formaldehyde. 
Excess of permanganate may create an explosive 
mixture, while excess of formalin leaves deposits of 
sticky polymers on the surfaces and filters. 

With either method A or B, leave the cabinet 
sealed for at Jeast 5 h, preferably overnight, and label 
‘Danger — fumigation in progress’. Then switch on 
the fan and slightly open the front sealing panel to 
allow air to exhaust the residual formaldehyde for 
at least 30 min. Ultraviolet lamps are ineffective for 
disinfection of cabinets. If fitted, they must not be 
turned on during use of the cabinet because of risk 
to the operator. 


BUILDINGS AND WORKING 
CONDITIONS | 





The provision of adequate laboratory structures 
and working conditions is a prerequisite for good 
working practices and safety, In Britain, the De- 
partment of Health has made recommendations in 
Health Building Note (Pathology Department) No. 
15, 1991. Adequate lighting, work surfaces, tempera- 
ture control, washhand basins and rest areas are 
essential, and the provision of suitable protective 
clothing (Public Health Laboratory Service 1993, 
Collins 1988). 
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EMPLOYMENT OF STAFF 


The selection of staff fit to work in a microbiological 
laboratory is an important responsibility for the 
laboratory director. The regulations now forthcom- 
ing in Europe relate infective hazards to the response 
of normal healthy immunocompetent individuals. 
Any applicants for appointment should be judged 
from that point of view, so that individuals are 
not placed in a situation where, for ill-health or 
disability, they incur a further risk from laboratory 
infection. 

With staff already employed, the development of 
an illness may require reassessment of their fitness 
for their work. This is the responsibility of the 
employer. All laboratories should have access to an 
effective occupational health service (OHS) (Health 
Services Advisory Committee 1984). The OHS 
medical officer or the laboratory director may find 
that the administration of a written pre-employment 
questionnaire to applicants for employment will 
be a useful preliminary to a medical examination 
(Health Services Advisory Committee 1991). 

Details of immunizations must be kept for each 
member of staff and a system of regular recall insti- 
tuted. Records should be kept both by the laboratory 
director and by the OHS officer. They are confi- 
dential to the latter, but in the UK must be available 
to the Employment Medical Advisory Service. More 
detailed information on the pre-employment actions 
to be taken in the UK is provided in HSE Guidance 
MS20 (Health and Safety Executive 1982) and OHS 
Note 9 (Association of National Health Service 
Occupational Physicians 1986). 


PROTECTION OF STAFF __ 





Immunization is an important precaution against 
laboratory infection. 


Tuberculosis 


The immune status of staff to the tubercle bacillus 
should be tested and appropriate action taken: BCG 
vaccination if tuberculin-negative, or referral for 
further medical examination if the Heaf or Mantoux 
test gives a sttong reaction. Staff who decline immu- 
nization must not be allowed to work with material 
possibly containing tubercle bacilli. In-service chest 
X-rays are no longer recommended. 


SAFETY IN THE MICROBIOLOGY LABORATORY 


Rubella 


All new female staff of child-bearing age should 
have their rubella immunity status checked and, if 
found to have an inadequate level of antibodies, 
should be offered immunisation. 


Hepatitis B 


Immunization must be offered to all laboratory staff 
likely to come into contact with specimens or other 
materials that may contain virus (Joint Committee 
on Vaccination and Immunisation 1992). 


Other immunizations 


Vaccination against other infections that may be ac- 
quired in the laboratory, e.g. typhoid, poliomyelitis, 
diphtheria, cholera, anthrax and rabies, should be 
considered for staff who are working with the organ- 
isms or likely to come into contact with materials 
containing them. There are also prophylactics for 
other diseases that may be caused by agents listed 
by the ACDP (1995a) and in the document of 
the ACDP and Advisory Committee on Genetic 
Modification (1990) on vaccination of laboratory 
staff handling vaccinia-related pox viruses infectious 
for man. 


Pregnancy 


Any infection that produces a pyrogenic reaction may 
disturb a pregnancy. Female staff will already have 
been immunized against tuberculosis and rubella. 
Pregnant staff should not work in laboratories that 
handle Toxoplasma gondi unless they are known to 
be immune. It would also seerm reasonable to pro- 
hibit their working with Brucella, Listeria, Chlamydia 
psittaci and Coxiella burnett. 


Contact card 


The employer should supply a contact card to all 
employees in clinical laboratories to help relate an 
iliness to their employment when they are unable 
to give a rational history. The card should indicate 
the place of work, the nature of the hazards to which 
the employee may be exposed, and those who should 
be contacted regarding an illness that might have 
been acquired at work. 


Training 


Staff need to be trained in both the theory and 


47 











<) PRACTICAL MEDICAL MICROBIOLOGY 


practice of clinical microbiology, including safety 
precautions, and in-service training is specially im- 
portant. All staff should start with a training logbook, 
to be completed as each stage of training is ended. 
In Britain this is a requirement for laboratory accre- 
ditation. Staff must be fitted to cope with the 
hazards of the job and taught thar certain habits are 
unacceptable. They must be disciplined meticulously 
to follow the procedures laid down in the laboratory 
manual and accompanying COSHH assessments, 
and it must be impressed on them that deviation 
from the instructions leads not only to poor work 
but also to confusion when others have to take over 
a task partially completed. 


LABORATORY ORGANIZATION 


Although codes of practice have been drawn up for 
the prevention of laboratory infection, responsibility 
rests on the individual worker, as well as on man- 
agement, for the prevention: of infection in himself 
and others. Knowledge and constant practice of 
preventive procedures is essential. In Britain, safety 
at work is subject to statutory contro! (Health and 
Safety at Work Act 1974) but that is no substitute 
for good and careful practice. 

The laboratory director has overall responsibility 
for safety. He should set up a safety organization, 
including an active safety committee, and draw up 
local codes of practice and clear documentation 
of laboratory procedures, as required both by law 
(Control of Substances Hazardous to Health regula- 
tions 1988) and for good laboratory work. 

The appointment of a laboratory safety officer is 
essential where work at containment level 4 is to 
be done and is valuable in any laboratory. All aspects 
of safety must be covered, including precautions 
against mechanical, electrical, chemical and fire 
hazards as well as those against infection. Micro- 
biological safety is not confined to the laboratory, 
but extends to the handling of infectious material 
from the time it is collected from its source to that 
when, after laboratory procedures, the waste is 
disposed of safely. 


Collection and transport of specimens. 


In collecting specimens take care to avoid both 
unnecessary contamination of the material and self- 
infection by spillage, aerosol or splashing into the 
eye, by contamination of broken skin, or by needle- 
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stick injury. Transfer specimens safely into the 
appropriate robust container. Take care to avoid 
contaminating the outside of the container and close 
it tightly to avoid leakage in transit. * 

Always label containers immediately after the 
specimen has been introduced and, where required, 
affix special labels, such as HEPATITIS RISK or 
HIGH RISK, as when a specimen may contain 
typhoid bacilli or HIV. ; 

Place the specimen containers, and separately their 
accompanying request forms, in a secure outer con- 
tainer for transport to the laboratory. Ensure that the 
containers remain upright to avoid spillage. Alterna- 
tively, the~specimens may be placed in single-use 
individually sealed plastic containers with the request 
form in a séparate sleeve. If the specimens are to 
travel by external transport, use secure containers 
with fastenable lids or prepare them as for sending 
by public post. 


Postal regulations 


The sending of pathological material by post is 
subject to national and international regulations. 
In the United Kingdom there is specific guidance 
(Health Services Advisory Committee 1991}, and 
full details of regulations and information about 
which countries will accept such materials by post 
may be obtained from Postal Headquarters Division 
1, PA3 33, Grosvenor Place, London, SW1X 1PX 
(telephone 0171-250 2888), There are also strict 
special regulations for the transport of hazard group 
4 specimens (Control of Substances Hazardous to 
Health regulations 1988), 


Reception of specimens 


Specimens must be received in a dedicated reception 
area in the laboratory which must not be in a clerical 
office or public corridor. Reception staff who unpack 
containers and request forms must wear gowns and 
gloves, for the hazard associated with individual 
specimens is not known. Sometimes information 
may be available to suggest that a dangerous patho- 
gen may be present and the labelling of ‘high risk’ 
specimens has some advantage, but all specimens 
must be treated with care. 

Leakages. Where there has been leakage of a 
specimen due to loose capping or breakage, the safety 
officer or a senior member of staff must decide 
whether the specimen is to be discarded or whether 
the difficulty of obtaining’a replacement (e.g. one 
of cerebrospinal fluid) is such that the leaking con- 








tainer should be taken to a safety cabinet and the 
specimen transferred to a fresh container. 

Cover any potentially infected spillage with a 
cloth or tissue soaked in disinfectant and leave for 
10 min before mopping up with cloths and placing 
in an infected-waste container. 


Laboratory procedures 


For most clinical specimens the appropriate con- 
tainment is at level 2. When the specimen is known, 
or likely, to contain a category 3 pathogen (e.g. 
sputum, faeces from known typhoid) it is at level 3. 
Good laboratory discipline must be maintained and 
any procedure likely to generate aerosol or splashing 
must be done in a safety cabinet. Disposable gloves 
must be worn for work with category 3 pathogens 
and by persons with skin lesions. 


Laboratory manual 


A method book should be available to all staff. It 
should specify the procedures for each type of speci- 
men, but also the potential hazards, a COSHH 
assessment of materials used and instructions about 
what to do in case of accidents. All accidents must 
be reported to the safety officer. 


Mishaps with infective material 


Encourage cuts and puncture wounds to bleed and 
then wash with soap and water. If the eye is splashed, 
rinse at once with tap water or irrigating solution 
from the laboratory first-aid kit. If the skin is soiled 
with infective material, rinse with 70% alcoho! or 
dilute hypochlorite solution, and then with soap and 
water. 

Spillages. Deal with small spillages by inital 
disinfection, then cleaning up, and then final disin- 
fection. If there is gross spillage or any spillage with 
category 3 organisms outside a safety cabinet, evacu- 
ate the room for at least an hour to allow possible 
aerosol to be dispersed, Then for group 2 organisms 
disinfect and clean up. For group 3 organisms fumi- 
gate the room. Deal with spillages in safety cabinets 
by disinfecting the affected surfaces in the cabinet, 
and if of group 3 organisms, by fumigating the cabinet. 
Even in the absence of observed spillages, disinfect 
benches at the end of each day’s work by swabbing 
with 70% isopropyl alcohol or weak (1%) hypo- 
chlorite solution. 

Report all mishaps to the safety officer or appro- 
priate member of staff, who should record them in 
an accident book. 


SAFETY iN THE MICROBIOLOGY LABORATORY 


Discard jars 


At the start of each day empty the contents from 
the previous day. Clean the jar carefully and disinfect 
it, preferably by heat. When the material of the jar 
will allow it, do so by autoclaving. Otherwise heat 
to at least 66°C for 10 min. Refill with fresh disinfect- 
ant diluted accurately to the correct concentration, 
fe. weak (1%) or strong (10%) hypochlorite as 
appropriate, or phenolic disinfectant at 1-2% con- 
centration. Use hypochlorite for viruses and phenolic 
for other purposes, the higher concentration (2%) of 
phenolic where tubercle bacilli may be present. 

Jars must contain enough disinfectant to cover 
all that is to be put in them. Carefully discard the 
used pipettes, slides and infective fluids into the 
disinfectant in such a way as to avoid splashing. Once 
or twice a day test hypochlorite with starch iodide 
paper to confirm it has not been exhausted. Jars 
for work with tubercle bacilli may be left dry, with 
disposable plastic sleeves to collect disposable inocu- 
lating loops; this avoids any hazard in disposal of 
used disinfectant. 


Other discard materials 


All laboratory waste must be disposed of safely. Send 
non-infected material such as paper and plastic for 
incineration. Put broken glass, needles and syringes 
into robust containers that comply with British 
Standard 7320:1990 (British Standards Institution 
1990) and incinerate. Autoclave infectious or po- 
tentially infectious material before it leaves the 
laboratory. If material has to be incinerated without 
prior autoclaving, a member of the laboratory staff 
should ensure that it is transported safely to and 
placed within the incinerator. Where an incinerator 
is not on-site, and material cannot be rendered non- 
infectious before transport, special care must be 
taken to avoid exposure to the environment and 
general public. 

Discarded culture tubes and plates. These are 
usually collected in stainless steel pails or 1n auto- 
clavable plastic bags held in pails. They are best 
autoclaved, open, in multi-purpose autoclaves with 
high pre-vacuum or vacuum pulsing to remove all 
air from the plates, tubes and boitles before exposure 
to pure steam under pressure (Ch. 46). Care must 
be taken to ensure that molten agar does not escape 
into the chamber drain which would be blocked 
when the agar cooled. 

If a gravity-displacement autoclave is used, the 
discard pails must be designed to allow the down- 
ward displacement of air from the Joad. A stainless 
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steel pail with a wire mesh shelf about 4cm above 
the bottom, and a row of four holes 1 cm in diameter 
in the side just below it, is suitable. The holes 
permit discharge of air and the melted agar, and épilt 
liquids collect in the bottom of the pail. To prevent 
spillage before autoclaving, the pail must be kept in 
a shallow solid box or dish while standing in the 
laboratory and being carried to the autoclave. Closed 
Petri dishes should be placed on their edges in the 
pail to assist air discharge. 

For the sterilization of other discarded materials 
see Chapter 46. 


Pipetting 


Use a rubber teat or automatic suction device, never 
the mouth. Do not draw fluid up as far as the top of 
the pipette and do not draw bubbles through the 
liquid. When transferring fluid to another container, 
first place the tip of the pipette within the mouth 
of the container in contact with the wall of the re- 
ceptacle and then Jet the contents run gently down 
the wall. Do not let drops or jets of fluid fall from 
the pipette and do not blow out the residual fluid. 
Do not put the contaminated pipette in a rack or 
on the bench, but at once place it gently into a jar 
of disinfectant so that it is completely submerged. 


Syringes and needles 


Sharp instruments and needles should, as far as 
possible, be avoided in microbiology laboratories. 
Use disposable plastic, not glass syringes».Ensure 
that the needle is firmly attached. When expelling air 
bubbles, embed the needle in a sterile swab or wad 
of tissue to soak up escaping fluid. After use, empty 
residual contents slowly into disinfectant. Discard 
the syringe with attached needle, as for ‘sharps’, into 
robust container for incineration. 


Centrifuging 


Use only centrifuges with sealable safety buckets 
and interlocking lids. Operate the centrifuge strictly 
according to the instructions, which should be 
posted beside it. To avoid breakages by vibration or 
unseating of buckets, balance the loads accurately 
and symmetrically and ensure that buckets and trun- 
nions are properly in place. To balance loads, add 
water to the tubes, not directly into the buckets. If 
water must not be added to the specimens, include 
a blank set of tubes in the opposing carriers to receive 
the balancing water. 

Use only stout glass or plastic screw-cap containers 
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that are unlikely to break. When filling a container, 
take care not to soil its rim or cap. Do not overfill, 
i.e. fill not more than three-quarters full. Cap the 
tube or bottle firmly, preferably by tight application 
of a screw-cap over a good rubber washer. Before 
putting the tube or bottle into the centrifuge bucket, 
make sure the supporting rubber pad is correctly in 
place at the bottom and that it is free from fragments 
of grit or broken glass. When the tube or bottle is 
in place, make sure it is supported at its foot, not by 
the rim of its mouth or cap. 

Avoid rapid acceleration of the centrifuge. After 
centrifugation, turn the speed controller to zero and 
allow the rotor to come to rest slowly; do not brake 
or touch the rotor with the hand. Open the centri- 
fuge lid only after the rotor has stopped. Use the 
centrifuge in its proper place, ideally in a separate 
centrifuge room. 

Breakage. If a breakage occurs during centri- 
fugation, switch off the machine, remove the buckets 
and their contents to a class | safety cabinet, remove 
the lids of the buckets and place the buckets, lids 
and tubes into a container for autoclaving or into 
an appropriate disinfectant, not into hypochlorite 
which will corrode metal. If non-sealable buckets 
have been used, leave the centrifuge stopped and. 
closed for at least 30 min to allow any aerosol to 
settle. Then disinfect the whole inside of the centri- 
fuge. The operator dealing with a breakage must 
wear gloves and a disposable plastic apron in addition 
to conventional protective clothing. 


DISINFECTANTS 


Disinfectants are hazardous. The risks associated 
with their use can be minimized by precautions which 
include eye and face protection when splashing is 
likely and the wearing of thick gloves of appropmiate 
material when dispensing them. COSHH assess- 
ments need to be made as for other chemicals. 
The exposure limits for glutaraldehyde must not be 
exceeded, and the use of this disinfectant should be 
avoided where possible. 

Disinfectants are needed in the laboratory for the 
skin, work surfaces, discard jars and spillages. Use as 
few kinds as possible to avoid confusion, and explain 
their function and limitations to all who use them. 

Skin and work surfaces can be decontaminated 
with 70% ethanol! (industrial methylated spirits with 
1% glycerol as emolient for skin use). Isopropy] 
alcohol is an alternative. These alcohols will kill 
vegetative bacteria and some viruses. If there is any 
fire hazard, or if viruses or bacterial spores pose a 
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problem, weak sodium hypochlorite solution may 
be used. 

General laboratory use. Use hypochlorite for 
general purposes, but not for tubercle bacilli, on 
metals or in the presence of much organic matter, 
which inactivates it. In-use concentrations are strong 
(10%) sodium hypochlorite (10 000 p.p.m. available 
chlorine) for virology and spilled blood; 2.5% 
hypochlorite (2500 p.p.m. av. Cl,) for discard jars; 
weak (1%) hypochlorite (1000 p.p.m. av. Cl,) for 
routine surface disinfection. Solid chlorine-releasing 
compounds, such as sodium dichloroisocyanurate 
(NADCC), can be stored as granules or tablets, in- 
stantly available for making fresh solutions or direct 
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| 1. LABORATORY POLICY FOR PROCEDURES, 
TYPES OF TESTS, AND RESEARCH AND 
DEVELOPMENT 


2. CARDIOVASCULAR INFECTIONS 

Blood culture: bacteraemia and septicaemia 
Infective endocarditis 

Infective myopericarditis 

Infective conditions in the peripheral cardiovascular 
system 


3. UPPER RESPIRATORY, EAR AND EYE 
INFECTIONS 

Streptococcal pharyngitis 

Other bacterial throat infections 

Viral throat infections 

Nasal, oral and sinus infections 

Ear infections 

Eye infections 






















4. LOWER RESPIRATORY INFECTIONS 

The bacterial pneumonias 

Community-acquired and atypical pneumonias 
Specimens 

Examination for tuberculosis 

Summary of examinations for common infections 


5. INFECTIONS OF WOUNDS AND OTHER 
TISSUES 

Wound infections 

Soft tissue infections 

Bone infections 

Collection of specimens 

Laboratory examination 

Interpretation and reporting 

Fluid aspirates 

Peritoneal dialysis fluid 


6. EXANTHEMS AND ENANTHEMS 
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7. GENITAL TRACT INFECTIONS 
Confidentiality 


Ja. GENITAL INFECTIONS IN WOMEN | 
Collection of specimens ' | 
Microscopical examination 
Culture 


7b. GENITAL INFECTIONS IN MEN 
Collection of specimens 
Laboratory examinations 


8, MENINGITIS 

Collection of specimens 

Laboratory examination of CSF for celis and 
microorganisms 


9. GASTROINTESTINAL INFECTIONS 
Collection of specimens 

Microscopy 

Culture for bacterial pathogens 
Reporting 


10. HEPATIC INFECTIONS 


11. URINARY TRACT INFECTIONS 
Significant bacteriuria 

Specimen collection 

Microscopy of urine 

Semi-quantitative culture 

Identification and sensitivity tests 
Detection of antibacterial activity in urine 


12. PYREXLA OF UNKNOWN ORIGIN (PUO) 
Laboratory diagnosis of PUO 


13. INFECTIONS IN IMMUNOCOMPROMISED 
PATIENTS: OPPORTUNISTIC INFECTIONS 
Immunodeficiency or impaired immune competence 





Haematological clues 
Laboratory guidelines | 
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1. LABORATORY POLICY 

A major responsibility of the head and senior staff of 
a clinical laboratory is to determine the laboratory’s 
policies for dealing with the different kinds of speci- 
mens and requests received and the manner of 
reporting the results of the investigations. This has 


been considered in detail in Chapters 1 and 38, As. 


it is not possible for senior staff to scrutinize each 
request and specify the particular tests to be per- 
formed, a policy for procedures must be determined 
for each major category of specimens and requests 
(see Ch. 1), Extra examinations, outwith the stand- 
ard procedures, may be required if specifically re- 
quested by the physician or if the clinical information 
provided on the request form suggests that an un- 
usual infection may be present. For example, if throat 
swabs are not routinely examined for diphtheria 
bacilli or sputa for tubercle bacilli, the laboratory 
manual should lay down the clinical indications 
requiring these extra examinations to be made in 
particular cases. 

There is a great diversity in the types of tests 
that may be used to make a particular finding and in 
the sequences of tests that may be chosen for the 
investigation of a particular type of specimen. 

The procedures should be kept simple enough 
to be undertaken carefully by the available staff. 
Caution should be exercised before requiring staff to 
perform additional procedures for research purposes. 
There are, however, two kinds of extra investigations 
that do require to be undertaken in a good clinical 
laboratory. One is the running of a new type of test 
in parallel with the existing test to determine the 
former’s advantages and disadvantages under local 
conditions as a prelude to possibly adopting it in 
the place of the latter. The other is the examination 
of unknown specimens provided from an external 
quality control scheme and the performance of 
additional tests with known cultures for the purpose 
of internal quality control (see Chs 1, 38). 


As the choice of procedures must take account . 


of the special requirements and conditions in each 
laboratory, the following suggestions for investigative 
procedures must be qualified to meet the local needs. 


ar Se 


‘Blood culture: bacteraemia and 
septicaemia 


The blood is normally sterile, but bacteria occur 
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transiently in the bloodstream after vigorous chewing 
or dental surgery or instrumentation of the genito- 
urinary tract or bowel. Bacteraemia may be a phase 
in the natural course of some infections such as 
typhoid fever and brucellosis and meningococcal 
infection; it also occurs as a spill-over effect in a 
serious infection when the patient’s defences become 
inadequate, as in severe pneumococcal pneumonia 
or an extending soft tissue infection. Septicaemia de- 
notes an overwhelming invasion of the bloodstream 
from a focus of infection. The distinction between 
bacteraemia and septicaemia is essentially clinical, 
but there is a quantitative implication. Thus, septi- 
caemia is thought of as a life-threatening emergency 
that must be dealt with urgently. Nevertheless, the 
concept of bacteraemic shock (septic shock, 
endotoxic shock) is similarly associated with the 
possibility of imminent catastrophe. A cascade of 
cytokines and other mediators is triggered by the 
interaction of microbial products with the cellular 
immune system. This not only produces the general 
symptoms of fever and incapacity, but may also 
induce. the grave complications of intravascular 
coagulation and multiple organ failure. Accordingly, 
culture of a patient’s blood is one of the most 
important investigations in clinical microbiology, 
as the demonstration of septicaemia or bacteraemia 
indicates that there may be an immediate threat to 
the patient’s life and an urgent need for appropriate 
antibiouc and other therapy. Procedures must be 
planned to ensure reliability and rapidity in obtaining 
results, and to this end should, if necessary, be 
given priority over other work in the allocation of 
staff labour and material resources. For a review of 
problems, see Gould & Duerden (1983). 

Blood culture is requested mainly in two clinical 
situations: (1) where the possibility of septicaemia 
or bacteraemia is suggested by the presence of fever, 
shock or other signs and symptoms occurring in 
association with a known or suspected local infection 
such as sepsis in a surgical wound, puerperal sepsis, 
pneumonia, meningitis, osteomyelitis or endocarditis; 
and (2) where it is one of the procedures required 
in the investigation of a fever difficult to diagnose 
because of the absence of signs of a specific infection 
or Jocal infective lesion, i.e. a pyrexia of unknown 
ongin (PUO) (see below). 

The isolation of a bacterium from the blood of a 
pauient with a local infection such as wound sepsis or 
pneumonia is valuable firstly in indicating the urgent 
need for antibacterial therapy, secondly in revealing 
the species of bacterium against which therapy 
should be directed, and thirdly in providing a culture 
for the performance of in-vitro drug sensitivity tests. 
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Culture of a specimen from a local site of infection, 
e.g. a wound swab or sputum specimen, often yields 
a mixture of contaminating commensal bacteria 
and potential pathogens, the clinical significance of 
which may be unclear, but the demonstration of one 
of these species in the blood indicates that it is an 
invader of clinical significance. 

If clinical circumstances allow, it is normal practice 
to take several separate samples of blood from a 
patient and to inoculate separate sets of blood culture 
media over the course of 1-2 or more days. 

A difficulty in interpreting results arises from the 
liability of the blood taken for culture to be contami- 
nated with organisms that are commensals or com- 
mon contaminants on the skin. Coagulase-negative 
staphylococci are the commonest contaminants, 
but diphtheroid bacilli, coliform bacilli, anthracoid 
bacilli, Clostridium perfringens, candida and other 
organisms are sometimes present. The finding of 
one of these organisms in a blood culture should be 
viewed with the strong suspicion that it is a contami- 
nant from the skin. But in a compromised patient 
with an immune deficiency, an intravascular line, a 
prosthetic implant or some other condition favouring 
an opportunistic infection, the saprophytic or com- 
mensal organism isolated may indeed have a signifi- 
cant pathogenic role. To this end, culrure attempted 
on several separately collected samples of blood may 
allow the isolation of the same species of organism 
from repeated specimens. 

A detailed discussion of blood culture is given in 
Chapter 6, and some of the media are described 
in Chapter 5. 


infective endocarditis 


Infections of the endocardium usually occur at the 
site of damage in a natural heart valve or in relation 
to a prosthetic (implanted) heart valve. Normal 
healthy endocardium is generally not at risk when 
challenged transiently by small numbers of organ- 
isms in the circulation of an immunocompetent 
host, However, the heavy challenges that accompany 
intravenous drug abuse or the use of indwelling 
intravascular catheters in a debilitated host and the 
tissue injuries associated with cardiac surgery or the 
use of indwelling intracardiac devices may allow 
acute infective endocarditis (see below) to occur. 
Endocardium may be ‘naturally’ damaged as a result 
of congenitally abnormal heart valves, or following 
rheumatic fever, or in the course of degenerative 
heart disease with atheroma. Damaged endocardium 
provides a site for the aggregation of platelets; fibrin 
is deposited co build up a sterile vegetation and 


this is then liable to be colonized by blood-borne 
organisms. 

The frequency of the occurrence of particular 
microbial species in endocarditis partly reflects the 
frequency of their occurrence in the bloodstream 
and partly indicates their relative tendency to adhere 
to fibrin. Thus, viridans streptococci are high in the 
league, whereas coliform organisms, which adhere 
poorly to fibrin, are low. The adherent organisms 


- multiply to cause enlargement of the vegetation and 


are protected from phagocytosis by successive layers 
of fibrin. In some cases, the infection is rapidly pro- 
gressive, with changing heart sounds indicating in- 
creasing damage to the function of the affected valve 
cusps (acute infective endocarditis). Other cases follow 
a less fulminating course (subacute infectrve endocarditis). 

Infective endocarditis may be caused by a very 
wide range of organisms; some special associations 
are well recognized (see Durack 1992). Organisms 
causing endocarditis include bacteria, principally 
viridans streptococci but also enterococci and other 
streptococci inchading pneumococci; coagulase- 
positive and coagulase-negative staphylococci; 
diphtheroid bacteria; haemophilus bacteria and other 
fastidious bacteria including neisseriae and brucellae; 
coliform and other Gram-negative bacilli; and vari- 
ous others, including some anaerobes. The organism 
of Q fever, Coxiella burnetii, has a well known asso- 
ciation; other rickettsias and chlamydias are occa- 
sionally involved. The list also includes fungi such 
as Candida and Aspergillus. There are clear differ- 
ences in the rankings, depending on the clinical 
circumstances and the life style of the host, in differ- 
ent countries, different communities and different 
socio-economic groups. 

Natural heart valves in patients who have not 
had cardiac surgery or indwelling catheters are 
most often attacked by viridans streptococci such as 
Streptococcus sanguis, S. mutans, S. intermedius and S, 
mitis. Group D streptococci (S. bovis and Enterococcus 


faecalis) are less common but still significantly repre- 


sented; as S. bovis bacteraemia has a sinister asso- 
ciation with colonic polyps and colon cancer, its 
isolation should be followed up by appropriate 
gastrointestinal investigation. Some nutritionally 
exacting streptococci require media supplemented 
with L-cysteine or pyridoxine and may pose problems 
in culture and in therapy (Durack 1992). 

Staphylococcus aureus heads the list of causative 
organisms of endocarditis in intravenous drug abus- 
ers. This is a common cause of trouble in prostheuc 
valve endocarditis, with coagulase-negative staphylo- 
cocci and viridans streptococci also high in the list 
and with fungi significantly represented. 
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A major component of the definitive diagnosis of 
infective endocarditis is blood culture, as discussed 
in Chapter 6. ‘Culture-negative’ cases may be as- 
cribed to technical faults on the part of the operator 
or the laboratory, or to the use of inadequate media 
or growth conditions, or to the inability of a particular 
organism to grow in cell-free media (e.g. Coxiella 
burnetu, Chlamydia spp). 


infective myopericarditis 


Involvement of cardiac muscle, the pericardium and 
sometimes the pleura is a well recognized, if infre- 
quent, complication of a number of systemic infec- 
tions, such as measles, mumps, rubella, influenza, 
poliomyelitis, and hepatitis A or B; also of non-viral 
ones such as psittacosis and mycoplasmosis. In these 
circumstances involvement of the cardiovascular 
system is readily seen to be part of a wider generalized 
infection. There is little diagnostic uncertainly, and if 
required, laboratory confirmation is directed to the 
culture of easily accessed sites harbouring the agent 
and/or obtaining serological evidence of infection. 

Myopenicarditis occurring as part of an enterovirus 
or adenovirus infection presents more difficulty. 
In recent years it has been recognized that coxsackie 
A viruses (4, 9, 16 in particular), coxsackie B viruses 
1-6, and echoviruses (6, 9, 11, 12 in particular) may 
cause the syndrome (see Oxman 1992). 

In coxsackie B infections of the newborn there 
may be aseptic meningitis, pleural effusion or liver 
involvement in addition to infection of the myocar- 
dium, The acute course of the infection may allow 
laboratory confirmation by isolation of the virus from 
faeces, throat swabs, CSF or autopsy samples, or a 
subsequent demonstration of a type-specific serologi- 
cal response in survivors. In older children or young 
adults myopericarditis alone may be the presenting 
condition with a longer time course from initial infec- 
tion, which suggests an immune-mediated damage 
to myocytes expressing viral antigens, rather than an 
early direct cytopathic effect of the infecting virus. 
There may be sudden death in some patients or a 
sequel of cardiomyopathy with dilatation in others. 
It is estimated that around 50% of sporadic cases 
of this type of myocarditis are related to coxsackie 
B virus infection. 

The laboratory confirmation of such cases presents 
some difficulties. Culture of throat secretions or 
faeces for enteroviruses as an indirect indicator of 
infection may be frustrated by the clearing of virus 
from these sites by the time that the cardiac symp- 
toms develop. On the other hand there may be 
doubt as to whether a virus isolated from the gut is 
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causally related to the myopericarditis or merely an 
adventitious virus in transit through the gut. The 
presence of a high titre of neutralizing antibody to the 
isolate in the serum, particularly in the IgM class, 
may lend more significance to the finding. Assay of 
sera for neutralizing antibody to a battery of entero- 
virus serotypes known to be associated with the con- 
dition may be a helpful, if expensive step, perhaps 
justified with coxsackie B types 1-6. Even this 
approach may be complicated by the presence of 
heterotypic antibody from previous infections. 

Virus is rarely cultured from endomyocardial 
biopsies or pericardial effusion in the older cases of 
myopericarditis but the use of PCR to detect viral 
RNA in residual viable or non-viable virions appears 
to offer more promise. Primers are selected from 
the common, conserved, 5’ end of the enterovirus 
genome and cDNA prepared by reverse transcriptase 
with RNA extracted from the clinical sample (see 
Ch. 10). The cDNA is then amplified by PCR. 
This approach also has the advantage that it is 
not restricted by the multiplicity of serotypes which 
render antigen-capture techniques ineffective for 
enteroviruses. 


Infective conditions in the peripheral 
cardiovascular system 


Local damage from lodgement of infected micro- 
emboli in arterioles and infective thrombophlebitis 
are familiar, and laboratory diagnosis is directed at 
the (presumed) source of the emboli or infection. 
For completeness, attention is drawn to the vascu- 
litis and periarteritis nodosa associated with hepatitis 
B antigenaemia; and also to Kaposi’s sarcoma in 
HIV infection, and the clinically similar but non- 
malignant lesion of epithelioid angiomatosis asso- 
ciated with Rochalimaea/Bartonella (Chapter 35). 
The possible role of chlamydiae in disease of the 
larger arteries is mentioned in Chapter 37. Kawasaki 
disease or syndrome is an acute systemic vasculitis 
involving the conjunctiva, mucous membranes, skin 
and cervical lymph nodes. It appears to be of infec- 
tive origin and may be the result of ‘super antigen’ 
activation of T’ lymphocytes (see Saulsbury 1995). 


3. UPPER RESPIRATORY, EAR AND EYE 
INFECTIONS 





The commonest respiratory infections are localized 
in the oropharynx, nasopharynx and nasal cavity, 
Causing sore throat, nasal discharge and often fever, 
but the throat pathogens may also spread to infect the 
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larynx, causing hoarseness; the middle ear, causing 
otitis media with earache; a paranasal sinus, causing 
sinusitis with pain in the face or head; and the 
eye, causing conjunctivitis or keratitis. The upper 
respiratory tract is frequently involved in wider or 
generalized infections such as whooping cough and 
measles, infections with Mycoplasma pneumoniae, 
influenza, parainfluenza, adenovirus (e.g. pharyngo- 
conjunctival fever), and Epstein-Barr virus (infec- 
tious mononucleosis). A wide range of serotypes of 
rhino- and enteric viruses may produce more local- 
ized upper and lower respiratory tract infections and 
symptoms. 

In most cases the primary infection is presumed 
or shown to be viral, but there is often concomitant 
carriage or secondary infection with one of the 
potential bacterial pathogens commonly present in 
the ‘nasopharynx, e.g. pneumococcus, Haemophilus 
influenzae, Staphylococcus aureus and Streptococcus 
pyogenes. Drug-resistant coliform bacilli or yeasts 
may come to dominate the throat flora in patients 
receiving antibiotics, but are generally of little 
pathogical significance unless the patient is immuno- 
compromised (see end of this chapter). 


Streptococcal pharyngitis 


The only common primary bacterial cause of sore 
throat is Streptococcus pyogenes, which is found in 
about 30% of cases of pharyngitis, with or without 
tonsillitis. Its detection is the main purpose of the 
bacteriological examination of throat swabs, for it 
is the only common throat pathogen for which anti- 
biotic therapy is clearly indicated. Effective therapy 
should cause rapid amelioration of symptoms, €.g. 
within 24-48 h, and prevent serious complications 
such as otitis media and rheumatic fever. Strepto- 
coccal pharyngitis cannot be distinguished clinically 
from viral pharyngitis, so, whenever practicable, 
throat swab examinations should be made on 
patients with sore throat. There is an increasing and 
advantageous trend towards the more liberal use 
of virological services in the investigation of throat 
swabs, nasopharyngeal aspirates and throat wash- 
ings. ELISA-based systems allow rapid screening 
for a range of viruses (Ch. 39), chlamydiae and 
mycoplasmas. Certainly the presence of exudative 
pharyngitis with membrane or pseudomembrane 
on the tonsils prompts testing for infectious mono- 
nucleosis and diphtheria (see below). 


Throat swabs 


A preliminary decision is required whether to collect 


throat swabs for both bacteriological and virological 
examination, as different transport media are re- 
quired for the two purposes. For bacteriological 
sampling a plain, albumen-coated or charcoal-coated 
cotton-wool swab should be used to collect as much 
exudate as possible from the tonsils, posterior pha- 
ryngeal wall and any other area that is inflamed or 
bears exudate. If the patient permits, the swab should 
be rubbed with rotation over one tonsillar area, 
then the arch of the soft palate and uvula, the other 
tonsillar area, and finally the posterior pharyngeal 
wall. An adequate view of the throat should be 
ensured by good lighting and the use of a disposable 
wooden spatula to pull outwards and so depress the 
tongue. The swab should be replaced in its tube 
with care not to soil the rim. If it cannot be delivered 
to the laboratory within about 1h, it should be 
placed in a refrigerator at 4°C until delivery or, 
preferably, it should be submitted in a tube of 
transport medium for bacteriological specimens 
(Ch. 5). Throat swabs for virological examination are 
collected in the same way but the heads are broken 
off into small vials of virus transport medium with 
penicillin and gentamicin for virus examination or 
with ampicillin only for Mycoplasma pneumoniae 
(Ch. 36). Note also that acute and convalescent 
specimens of sera for assay of virus antibody are 
required to complete the examination for some virus 
groups (Ch. 38). 

In the bacteriological laboratory the swab should 
be rubbed, while being rotated, over a large ‘well’ 
area, about one-third of the surface on a blood agar 
plate, and the well should be streaked out with a 
loop over the remainder of the plate. The plate 
should be incubated at 37°C for 18-24h, in air 
plus 5-10% CO). A parallel anaerobic culture may 
be considered (see Ch. 12). It is advantageous, 
before incubation, to place a 6 mm disc containing 
1 unit of benzylpenicillin on the well area of the 
plate. Streptococcus pyogenes 1s always sensitive to 
benzylpenicillin. 

If well-separated B-haemolytic colonies develop 
on the streaked-out area of the plate, they should 
be picked and their Lancefield group determined 
by a rapid coagglutination or. precipitation test (see 
Ch. 12). When separate colonies are not present, 
it is necessary to replate the confluent f-haemolytc 
growth to obtain a pure culture for grouping, but a 
report to the physician should not be delayed until 
the results of this confirmatory test are available. 

Quantitative culture. Note and report the relative 
abundance of S. pyogenes colonies in the primary 
plate culture, for the organism 1s more likely to have 
a pathogenic role when it is numerous (e.g. > 100 


5/ 








4. PRACTICAL MEDICAL MICROBIOLOGY _ 





colonies/plate) than when it is scanty. An appreciable 
proportion of healthy persons, e.g. 1—-10% of adults 
and up to 20 or 30% of children, carry the strepto- 
coccus in the throat and the organism will be de- 
tected in a throat swab when a carrier develops a 
sore throat primarily due to some other pathogen, 
such as a virus. 

In a study of the value of standardized quantitative 
culture, Bell & Smith (1976) found large numbers 
of S. pyogenes in throat swabs from 71% of children 
with streptococcal pharyngitis, but in swabs from 
only 10% of healthy children who were throat carriers 
of the organism. As these sampling procedures can- 
not be ngidly standardized, account should also be 
taken of the number of S. pyogenes colonies relative 
to the number of colonies of throat commensal 
bacteria in the culture. Although a scanty growth 
of the streptococcus is likely to be due to harmless 
throat carriage, the uncertainty of the quantitative 
distinction makes it advisable that in all cases the 
organism’s presence should be reported and anti- 
biotics given to eradicate it. 

Reports for this specific investigation may be given 
as “Many/Few/No Streptococcus pyogenes found in 
culture’. When none is found, it is advisable to indi- 
cate in the report that other pathogens, including 
viruses, were not sought. If a negative result is re- 
ported only as “No pathogens isolated’, the physician 
may think that the swab has been examined for 
viruses, M. pneumoniae, chlamydias, diphtheria ba- 
cilli, Vincent’s organisms, gonococci and other rarer 
throat pathogens. 

Anti-streptolysin-O (ASO) titre. In cases of sus- 
pected streptococcal infection presenting as acute 
rheumatic fever, where throat and other cultures 
have failed to reveal the organism, the patient’s blood 
serum should be tested for its content of antibodies 
to streptolysin-O. In such infections there is usually 
a steep rise of ASO titre to values well in excess of 
200 ‘Todd units/ml! after 2-4 weeks. If the titre is not 
raised, the patient’s illness is unlikely to be rheumatic 
fever. A reference to a description of the classical 
method of performing the ASO test and commercial 
kits are given in Chapter 12. 


Other bacterial throat infections 


Haemolytic streptococci other than S. pyogenes are 
often present in the throat as harmless commensals, 
but those of groups C and G occasionally, and B 
rarely, cause pharyngitis. If their presence in large 
numbers suggests they may have a pathogenic role in 
the patient, their presence and antibiotic sensitivities 
should be reported to the physician, 
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Haemophilus influenzae 


As haemophili are carried as commensals in the 
throat in a large proportion of adults and children, 
their finding in a throat swab should generally be 
ignored. There are, however, certain circumstances 
in which a search should be made for them and their 
presence regarded as possibly significant. Thus, H. 
influenzae of capsule serotype b is a fairly common 
pathogen in young children, especially under the 
age of 4, in whom it may cause pharyngitis, tracheo- 
laryngo-epiglottitis (croup), bronchopneumonia, 


bacteraemia and meningitis, and in such cases it 


should be sought in throat swab cultures. Moreover, 
in children with suspected bronchitis or pneumonia, 
it is often difficult to obtain a satisfactory specimen 
of sputum, and it may then be helpful to examine a 
throat swab or nasopharyngeal aspirate (NPA) for 
the presence of haemophilus and other potential lung 
pathogens and determine their drug sensitivities, 
The physician should, however, be warned that 
though the pathogen in the throat may also be pre- 
sent in the lower respiratory tract, it is more probably 
confined to carriage in the throat. It may be difficult 
or hazardous to collect a throat swab from a child 
with laryngeal stridor, in which case an attempt 
should be made to demonstrate the pathogen in 
blood culture, as should also be done in suspected 
pneumonia and meningitis. 

When haemophilus is sought, the throat swab 
should be inoculated on to a heated-blood agar or 
Fildes agar plate as well as on to blood agar, and that 
plate incubated aerobically. A 2g amoxycillin or 
ampicillin disc may be placed on the well of the 
plate so that both the presence and sensitivity of the 
haemophilus may be reported next day. 


Diphtheria 


In countries where diphtheria is even moderately 
common, all swabs from sore throats (and some 
from skin ulcers) should be cultured on a selective 
tellurite medium for Corynebacterium diphtheriae and 
C. ulcerans as well as on blood agar for Streptococcus 
pyogenes, but in communities where artificial immu- 
nization has made diphtheria rare, the chance of 
making a positive finding may be too low to justify 
the large expenditure of labour and materials in 
routinely setting up the extra cultures. In that case, 
reliance must be placed on the physician to indicate 
the few cases in which the possibility of diphtheria 
has been suggested by the presence of exudative 
pharyngitis or membrane in the throat, extreme 
consututional upset or nerve paralyses, and which 
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therefore require examination of a throat swab (and 
perhaps a nasal swab) by the methods described in 
Chapter 15. 


Vincent's infection 


A foetid, ulcerative inflammation of the throat 
(Vincent’s angina) or gums (gingivitis) is occasionally 
caused by a combined infection with Vincent's 
spirochaetes and anaerobic fusiform bacilli, When 
the clinical findings suggest the condition, a swab 
from the affected areas should be examined in a 
Gram smear. The presence of many Gram-negative 
spirochaetes and fusiform bacilli, e.g. at least two of 
each per field well filled with pus cells and debris, 
may be reported as ‘Many Vincent’s organisms in 
film’. Small numbers of such organisms may be 
present in the healthy mouth and throat, and should 
be ignored. 

The possibility should also be considered that the 
patient might have a primary herpes simplex infec- 
tion, particularly if the ulceration involves the gums 
and buccal mucosa at the front of the mouth, and 
particularly if the patient is a child. Such lesions may 
be secondarily infected with Vincent’s organisms. 
Swabs in viral transport medium are tested for 
herpes simplex antigen and cultured for virus. 


Gonococcal pharyngitis 


This condition is a hazard of oral sexual intercourse. 
A swab should be examined for gonococci by culture 
on selective medium (Ch. 14). 


Candidosis (thrush) 


In newborn babies and debilitated elderly persons, 
immunocompromised patients including those in- 
fected with HIV, diabetics, and patients taking 
broad-spectrum antibiotics, infection with Candida 
albicans may cause an acute inflammation with 
plaques of soft white exudate in the mouth and 
throat. A swab taken from the lesions cultured on 
an aerobic blood agar plate may yield the small 
opaque white colonies of candida, typically with short 
pointed ‘rootlets’ projecting from their margins, but 
their growth may be slow and incubation at 35-37°C 
may have to be continued for 48h before they 
become recognizable. When an examination for 
candida is requested, it is best to inoculate the swab 
on to a plate of Sabouraud agar as well as on to 
blood agar. A 50 unit nystatin disc and a 20ug 
amphotericin disc should be placed on the ‘well’ of 
the Sabouraud plate. Growth of candida sensitive 
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to the antifungal drugs may then be observed and 
reported after 24 or 48 h, and later be subjected to 
confirmatory tests (Ch. 41). The presence of small 
numbers of yeasts in material from the mouth or 
throat may reflect selection and opportunistic colo- 
nization during antibiotic therapy. In such a case, 
further antibiotic therapy may be contraindicated. 


Viral throat infections 


As indicated above, several viruses may cause an 
exudative pharyngitis resembling that caused by 
Streptococcus pyogenes (see White & Fenner 1994). 
One that commonly does so is the Epstein-Barr (EB) 
virus which causes an infectious mononucleosis, 
associated with throat lesions, enlarged lymph nodes, 
fever, abnormal liver function tests and slight 
splenomegaly (cf. cytomegalovirus infections, Ch. 38). 

EB virus infection is confirmed by demonstration 
of a lymphocytosis (10 000-20 000 per mm) with 
numerous (10-20%) ‘atypical’, activated lympho- 
cytes, together with a raised or increasing titre of 
heterophile agglutinins in the Paul Bunnell test. 
Specific tests for antibody to various antigens of the 
EB virus are also available (Ch. 38). A number of 
virus infections — e.g. with cytomegalovirus, adeno- 
virus, hepatitis viruses, HIV (primary infection) — may 
exhibit a lymphocytosis with activated lymphocytes 
in the acute phase of the illness, merely reflecting a 
common T cell proliferative response to viral anti- 
gens. EBV specific IgM antibody rises early in the 
illness and falls away over 3 months or so. Raised 
levels of IgG antibody reflect past infection and 
persistence of the virus. IgM antibody may also be 
titrated by EIA with extracted viral capsid antigen 
and anti-lgM conjugates. 

Investigation of other respiratory virus infections. 
While it is possible to grow those rhinoviruses and 
enteric viruses which produce short-lived upper 
(URTD or lower respiratory tract infections (LRT) 
this is generally more of epidemiological interest 
than of significance for clinical management. Sus- 
pected virus infections which are investigated on a 
systematic basis are the more severe ones in children 
_j,e, respiratory syncytial virus, parainfluenza 1,2,35 
adenovirus and influenza viruses and the agents 
causing ‘atypical pneumonia’ in adults (see below). 
As detailed in Chapter 38, the approach is broadly 
the same for all. Nose and throat swabs or NPA are 
collected into transport media and examined by 
antigen-capture EIA and by short term culture and 
AgEIA (Chs 38, 39). Depending on the age group, 
acute and convalescent sera are collected and tested 
for an antibody response, particularly in the IgM 
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fraction of the serum, to a range of antigens, by EIA. 
An NPA is an excellent starting material for direct 
and culture tests (as well as for bacterial infections) 
and the method of collection is described in Chapter 
38. The collection of NPA is less well tolerated in 
adults, and nose and throat swabs or swabs for cer- 
vical brushing may be used, In severe LRTI where 
a diagnosis is imperative, bronchial lavage or lung 
puncture samples may be collected. 


Nasal, oral and sinus infections 


The organisms infecting the nasal cavity are mainly 
the same as those infecting the throat and the two 
regions are often infected simultaneously. A deep 
nasal swab generally yields the same information as 
a throat swab, and it is usual to examine only the 
latter as a nasal swab seldom gives a positive result 
when the throat swab is negative. Nasal swabs are 
more often taken to detect healthy carriers than to 
diagnose infection, deep nasal swabs being taken for 
Streptococcus pyogenes and diphtheria bacillus and 
swabs from the skin of the anterior nares for Staphy- 
lococcus aureus. Nasal carriers are a more dangerous 
source of infection for others than are throat carriers 
of the same organism, for they disseminate much 
larger numbers of organisms into the environment 
than the latter. 


Stomatitis 


Acute infections of the mouth are commonest in 
neonates and debilitated elderly persons. They can 
be caused by Vincent’s organisms, Candida albicans, 
and herpes simplex, coxsackie A and various other 
viruses. Swabs from the lesions are examined for the 
first two of these infections as described for throat 
swabs (see above). 


Sinusitis 


The paranasal sinuses are normally sterile, but in 
the course of a virus infection involving the nose 
and sinuses, a nasopharyngeal bacterium such as 
Haemophilus influenzae or pneumococcus may invade 
a sinus, most commonly the maxillary or frontal 
sinus, which then becomes filled with pus. Pus 
aspirated from the sinus, or a saline ‘wash-out’, 
should be examined in a Gram film and by culture 
on aerobic and anaerobic blood agar plates. Prefer- 
ably the aerobic plate should be of heated blood 
agar. Rarely, purulent sinusitis may complicate 
Streptococcus pyogenes infection of the throat. 
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Nasopharyngeal swabs 


The collection of nasopharyngeal secretion by a 
pernasal swab in charcoal transport medium for the 
diagnosis of whooping cough is described in Chapter 
26. A suitable pernasal swab kit with Amies charcoal 
transport medium is produced by Medical Wire. A 
postnasal swab, in which the terminal 2 cm of wire 
bearing the swab is bent at an angle of 45°C, is passed 
behind the soft palate and rubbed on the posterior 
wall of the nasopharynx; it may be used for the 
detection of potential pathogens carried in the naso- 
pharynx of healthy persons, e.g. meningococcus, 
which generally cannot be recovered from parts of 
the throat bathed with saliva from the mouth. The 
collection of a nasopharyngeal aspirate (above) may 
be an alternative to these procedures. 


Ear infections 


Swabs are taken from the external auditory meatus 
mainly in three suspected conditions, acute otitis 
media, chronic suppurative otitis media and otitis 
externa. The provisional clinical diagnosis will indi- 
cate the different organisms likely to be present. 


Acute otitis media 


This infection is usually caused by Streptococcus 
pyogenes, pneumococcus, Haemophilus influenzae, 
Moraxella catarrhalis rarely, Mycoplasma pneumoniae 
Or, In many cases, a respiratory virus. The organism 
spreads to the middle ear via the Eustachian tube 
from the nasopharynx. As long as the eardrum re- 
mains mntact, none of the infected exudate can he 
collected on an ear swab, so culture of a throat 
swab may give a provisional indication of the causal 
organism. Antibiotic therapy is urgently required 
to prevent a possible bacterial infection damaging 
the hearing mechanism, and amoxycillin or erythro- 
mycin may be used when the causal organism is 
unknown, Amoxycillin is the drug of choice unless 
a {}-lactamase-producing variety of H. influenzae is 
the cause, when the absence of a rapid response will 
indicate the need for a change of drug. 

If the eardrum has ruptured spontaneously, or a 
myringotomy has been performed to relieve pressure, 
exudate may be collected on a thin swab introduced 
into the external meatus. It should be examined in a 
Gram film and by aerobic and anaerobic culture on 
plates of heated blood agar and blood agar. 


Chronic suppurative otitis media 


When the eardrum has been perforated in an acute 
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attack of otitis media and remains patent, infection 
with the original pathogens may persist or repeated 
infections may be caused by secondary invaders 
such as Staphylococcus aureus, coliform bacilli, 
pseudomonads and bacteroides. Swabs of the dis- 
charge in the external meatus should be cultured 
to guide the choice of antibiotics for systemic and 
topical therapy. Contamination may occur with 
coagulase-negative staphylococci, diphtheroid bacilli 
and saprophytic mycobacteria derived from the skin 
lining the meatus; these isolates should be ignored. 


Otitis externa 


Chronic inflammation of the skin of the external 
meatus, with irritation and discharge, may be caused 
by bacteria, particularly Pseudomonas aeruginosa, 
coliform bacilli and Staphylococcus aureus, or fungi, 
most commonly candida or aspergillus. A swab should 
be taken from the meatus and cultured aerobically on 
blood agar and MacConkey plates for the bacteria, 
on a Sabouraud agar plate with a nystatin 50 unit disc 
for 48 h at 35—37°C for candida, and ona Sabouraud 
agar slope for 10 days at 28°C for aspergillus. 
The results will guide the choice of drug for topical 
antibacterial or antifungal treatment. 


Eye infections 


Conjunctivitis and keratitis 


The healthy conjunctiva and cornea usually bear a 
few coagulase-negative staphylococci and diphtheroid 
bacilli, mainly derived from the edges of the eyelids. 
The primary pathogens for the cornea and conjunc- 
tiva are chlamydias and viruses — herpesviruses, and 
certain adenoviruses and enteroviruses. The damage 
caused by these agents may prepare the way for 
secondary infection by bacteria of low virulence 
but some bacteria, ¢.g. gonococci, are pathogenic in 
their own right. In the newborn, a severe form of 
acute conjunctivitis, ophthalmia neonatorum, may 
be caused by the gonococcus in the first 2 or 3 days 
of life and is liable to damage the cornea unless 
promptly treated with antibiotics. A much less 
dangerous infection, ‘sticky eye’, may be caused by 
Staphylococcus aureus during the first week or two. 
At any age, Haemophilus aegypuus may cause acute 
epidemic conjunctivitis and H. influenzae, pneumo- 
coccus and meningococcus may cause sporadic 
cases. Pseudomonas aeruginosa may cause serious 
superficial or deep infections after trauma or surgery 
to the eye, and Moraxella lacunata is found im a rare, 
subacute or chronic angular conjunctivitis. 








Adenovirus types 8, 19 and 37 may cause out- 
breaks of keratoconjunctivitis in factories, shipyards 
and hospitals. Herpes simplex may cause keratocon- 
junctivitis. Herpes zoster involving the ophthalmic 
branch of the facial nerve may produce serious 
damage to the surface of the eye. Enteroviruses 
(coxsackie A24 and enterovirus 70) have caused 
outbreaks of acute haemorrhagic conjunctivitis. Re- 
peated infections with Chlamydia trachomats causes 
trachoma, a common cause of corneal scarring and 
blindness in many undeveloped countries. In other 
groups of communities largely different serovars of 
C. trachomatis (see Ch. 37) cause inclusion conjuncti- 
vitis. In the newborn the condition (‘non-gonococcal 
ophthalmia’) is the result of infection from the 
mother at parturition. In adults the eye is involved 
secondarily to a genital infection although rather 
rarely it may be infected through fomites or transfer 
from other infected individuals. 

The principal difficulty in laboratory diagnosis 1s 
that of obtaining an adequate specimen in which 
the viability of the more delicate bacterial pathogens 
is preserved, It is best to make smears and seed 
culture plates beside the patient immediately after 
collecting material from the eye. Because the volume 
of exudate obtainable is generally small, a dry cotton- 
wool swab, which would absorb and retain most of 
the specimen, is unsuitable as a means of collection. 
The exudate should be picked up with a sterile 
platinum loop or on the smoothly rounded tip of a 
thin glass or plastic rod; otherwise, on the tip of a 
thin serum-coated swab. It should be collected from 
the conjunctiva, e.g. from under an everted eyelid, 
and contamination from the skin and margin of 
the eyelid should be avoided. A separate collection 
should be made for inoculation on to each culture 
plate and for the making of a smear. The cultures 
should be on blood agar and heated-blood agar 
plates incubated in air with 5—1 0% CO,. When the 
specimen material is scanty, the smear should be 
confined to a small marked area of the slide, e.g. 
510 mm in diameter; it should be stained by Gram's 
method with a strong counterstain. 

If it is necessary to dispatch a specimen to the 
jaboratory before inoculation on to culture media, it 
should be taken on an albumen-coated swab which 
is placed at once in Stuart’s transport medium. 

The collection of specimens for the isolation of 
chlamydias is described in Chapter 37, along with 
the appropriate transport media — which are not 
the same as the Stuart’s medium mentioned above. 
Similarly, swabs for virus isolation have to be 
transported in the appropriate medium (Chs 38, 40). 

in circumstances in which herpes simplex virus 
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infection is suspected, with keratoconjunctivitis 
and ulceration of the cornea, we recommend the help 
of a trained ophthalmologist with the necessary slit 
lamp, anaesthesia and interpretative skill to collect 
samples from the ulcerated area. Herpes zoster is 
clinically so chacteristic that laboratory confirmation 
4s rarely sought. If requested, viral antigen may be 
demonstrated in fluid or cells from the vesicles by 
immunofluorescence (IF) or antigen-capture EIA; 
the virus may be grown in cell culture and detected 
by IF or EIA, or (expensively) by PCR gene 
amplification of the viral DNA. 

In summary, the approaches to the diagnosis of 
chlamydial and viral infections are similar. The 
specimen is examined by antigen-capture EIA for 
chlamydia group or membrane protein antigens and 
possibly cultured in cells (Ch. 37), Antigen capture 
for a range of viral antigens, including adenovirus, 
is performed and cell cultures are inoculated for 
herpes simplex, enteroviruses and for adenovirus. 


Infections of orbit and eyeball 


‘These may be caused by any of a variety of aerobic 
and anaerobic bacteria of the types found in pyogenic 
and wound infections. Any exudate obtainable 
should be examined for such organisms and a blood 
culture should be done. Jrins and chorotdoretinitis may 
occur in the course of systemic viral infections, e.g. 
with cytomegalovirus, and also in toxoplasmosis, 
for which serological diagnosis should be attempted. 
Styes are small boils affecting the follicles or the 
eyelashes on the edges of the eyelids; they are usually 
caused by Staphylococcus aureus and treated without 
bacteriological investigation. 


4. LOWER RESPIRATORY INFECTIONS 


Unlike most regions of the upper respiratory tract, 
the trachea, bronchi and lungs are normally free 
from commensal and potentially pathogenic bacteria, 
but when their defences are upset they are liable to 
be invaded by organisms from the throat. They are 
also the site of primary infection with various inhaled 
pathogens, such as tubercle and whooping-cough 
bacilli, influenza viruses, Mycoplasma pneumoniae and 
chlamydias, and they may also be involved in gen- 
eralized infections such as measles and chickenpox. 

The commonest infections are acute tracheo- 
bronchitis, acute exacerbations of chronic bronchitis, 
and the pneumonias, In many or most cases the 
primary infection is caused by a virus, e.g. rhinovirus, 
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myxovirus, adenovirus or respiratory syncytial virus, 
but there is often a secondary infection with a bacte- 
rial pathogen from the nasopharynx, most commonly 
pneumococcus or Haemophilus influenzae. 


The bacterial pneumonias 


The pneumococcus appears to be the primary cause 
of many cases of pneumonia, particularly lobar pneu- 
monia, with H. influenzae as a frequent co-pathogen, 
but often these pneumonic infections are triggered 
by a preceding viral infection of the upper respiratory 
tract, such as the common cold. Other secondary 
invaders of the lower tract include Staphylococcus 
aureus, which may cause fatal pneumonia after influ- 
enza, coliform bacilli and Pseudomonas aeruginosa, 
Moraxella catarrhalis, Candida albicans and Aspergillus 
fumigatus. The -staphylococcus, coliforms and can- 
dida are found particularly in hospitalized patients 
treated with antibiotics to which these organisms 
are resistant. The protozoan Pneumocystis carinii is 
liable to cause diffuse infection of the lungs in 
persons who are immunosuppressed or immuno- 
deficient, e.g. patients infected with human immuno- 
deficiency virus (HIV). 


Community-acquired and atypical 
pneumonias 


Historically, the term ‘atypical pneumonia’ was 
used for a primary pneumonia which was not 
demonstrably due to an accepted pathogen such as 
the pneumococcus. It is now recognized that a range 
of agents cause the syndrome and that these differ 
in various age and occupational groups. | 

In the newborn, Chlamydia trachomatis and 
Ureaplasma urealyticum are significant pulmonary 
pathogens. In children and young adults influenza 
A and B, parainfluenza, respiratory syncytial virus, 
adenoviruses, Mycoplasma pneumoniae, and Chlamy- 
dia pneumoniae al] have to be considered (see Chs 36 
and 37). Mycoplasma fermentans may also play a 
part in community-acquired pneumonia. In persons 
exposed to certain species of birds or to cattle, sheep 
or goats, Chlamydia psittaci and Coxiella burnetii, 
respectively, have to be considered as causative 
agents. : 

In older age groups, Legionella pneumophila may cause 
a general infection with pneumonic complications 
(Ch. 29), 

Laboratory testing may to some extent be tailored 
to cover the expected pathogens in the light of the 
age and occupation of the patient. Nevertheless a 
‘catch-all’ approach to laboratory detection of viral 
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or small prokaryote antigens in respiratory exudates, 
by culture, and by detection of antibody responses 
to a battery of antigens often yields rewarding and 
unexpected results. 

In suspected pneumonia and other severe infec- 
tions it is wise to start antibiotic therapy without 
waiting for the results of laboratory tests. As pneumo- 


coccus and haemophilus are thought to be the - 


likeliest bacterial pathogens, the blindly chosen drug 
is often ampicillin, amoxycillin, coamoxiclav or 
cotrimoxazole although, in fact, with community- 
acquired pneumonia, pneumococci are no longer a 
major cause of disease. Erythromycin or tetracycline 
should be substituted if failure of response or the 
clinical features suggest that the infection may be due 
to a B-lactamase-producing haemophilus, or a myco- 
plasma or legionella; flucloxacillin should be added 
if Staphylococcus aureus may be the cause. Some 
respiratory physicians treat atypical pneumonia with 
erythromycin and rifampicin, which are highly effec- 
tive against mycoplasmas, chlamydias, legionella and 
C. burnetii, while awaiting laboratory identification 
of the actual causative agent. 


Specimens 


Sputum 


The material from lower respiratory infections most 
commonly submitted for bacteriological examination 
is sputum, a mixture of bronchial secretion and in- 
flammatory exudate coughed up into the mouth and 
expectorated. There are difficulties in collecting a 
suitable sample and in interpreting the results of its 
culture. In some infections, e.g. those due to myco- 
plasma or legionella, there is often a lack of secretion 
and sputum cannot be obtained. 

Sputum from a bacterial infection is purulent, con- 
taining yellow or green opaque material as well 
as clear mucoid secretion. Staff collecting specimens 
should be instructed in how to obtain and recognize 
the correct material. Many patients tends to swallow 
their sputum when it is coughed into the throat 
and, when asked to spit some out, may expectorate 


mainly saliva. Saliva can be recognized because it is . 


relatively clear and is watery rather than viscous. 

Busy or uninstructed staff may send such collec- 
tions of saliva to the laboratory, but they should 
not be examined, for the results are likely to be mis- 
leading. The regular practice of rejecting unsuitable 
specimens usually induces staff in wards and clinics 
to take greater care in the collection procedure. 

The decision to reject specimens should not be 
left to junior staff. Clear criteria for rejection should 
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be laid down for genera! application, preferably based 
on a microscopical as well as a naked-eye assessment. 
Thus, if a Gram-stained smear of a homogenized 
specimen shows less than 10 polymorphs to every 
squamous epithelial cell, and the patient is not leuco- 
penic, the materia] probably consists mainly of saliva. 

Instructions for collecting sputum should include 
the following advice. 


1. Make the collection in a disposable, wide- 
mouthed, screw-capped plastic container of about 
100 ml capacity. ‘ 

2. If possible, collect the sputum before any anti- 
biotic therapy is begun, and when the patient first 
coughs on waking in the morning. 

3. Instruct the patient to wait until he feels 
material coughed into his throat and then to spit it 
directly into the opened container without spilling 
over the rim. Tightly screw on the cap of the con- 
tainer. Wipe off any spilled material on its outside 
with a tissue moistened with disinfectant, but take 
care not to let any disinfectant enter the container. 

4, If the patient has difficulty in coughing sputum 
into the mouth, postural drainage and appropriate 
physiotherapy often cause exudate to move in the 
bronchi and stimulate productive coughing. 

5. Deliver the specimen to the laboratory as 
quickly as possible, preferably within 2 h, for delicate 
bacterial, viral and mycoplasma pathogens may die 
out during any longer delay. 


Sputum is a good starting material for the 
demonstration of respiratory viruses, chlamydias 
and mycoplasmas. Indeed examination of specimens 
submitted to the clinical microbiology laboratory for 
specific bacteriological examination not infrequently 
yields an unsuspected virus or mycoplasma. 

For direct detection or isolation of these agents, 
sputum may be supplemented with nasopharyngeal 
aspirates, particularly in children (Ch. 38), nose 
and throat swabs eluted into viral or mycoplasma 
transport medium, or in diagnostically difficult and 


severely ill patients by bronchial swabs or lavage. 


The samples are processed and tested for viral 
and other antigens by EJA which yields a result in 
equivalent time to bacteriological culture. ‘They are 
also cultured (Chs 36, 37, 38). Note that the collec- 
tion of acute and (properly spaced) convalescent 
sera remains mandatory as antigen EJA is positive 
in only 65-85% of patients who have subsequent 
serological evidence of infection. 


Bronchial swabs and aspirates 


The principal difficulty in sputum examinations 
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arises from the inevitable mixing of the expectorated 
specimen with throat secretion and saliva! This 
confusing contamination can be avoided if a speci- 
men of bronchial secretion is collected by some 
means that prevents its contact with the throat and 
mouth. Such collection may be done by transtracheal 
puncture and aspiration or by the use of a protected 
swab passed through a bronchoscope into the bron- 
chi. Direct aspiration of secretion through a broncho- 
scope, e.g. by bronchial lavage, may be complicated 
by the soiling of the inside of the bronchoscope with 
throat secretions. 

As transtracheal aspiration and bronchial swabbing 
require anaesthesia of the patient and the attention 
of skilled medical staff, their use tends to be limited 
to cases in which conventional sampling has failed to 
yield a satisfactory specimen. 


Blood culture 


In all cases of suspected pneumonia a sample of 
blood should be taken for culture before antibiotics 
are given. Lung infections are commonly associated 
with bacteraemia and it may be possible to culture 
from the blood a delicate pathogen whose growth 
is suppressed in cultures of ‘sputum contaminated 
with salivary organisms. Moreover, the finding of a 
bacterium in the blood is strong evidence that it has 
been infecting the lungs and is not merely a throat 
organism contaminating sputum. 


Examination for tuberculosis 


A policy must be decided for determining which 
specimens of sputum are to be examined for tubercle 
bacilli, Pulmonary tuberculosis is both a threat to the 
life of the patient and a dangerous source of infection 
to others. It is therefore essential that cases should be 
correctly diagnosed at the earliest possible stage and 
that drug therapy should be based on sensitivity tests 
made on a culture grown from the patient. 

In communities where tuberculosis is moderately 
or very common, every specimen of sputum received 
in the laboratory should be screened for tubercle 
bacilli, whether or not the physician requests the 
examination, At least microscopy of a Ziehl—Neelsen 
or auramine-stained smear should be done and the 
positive specimens then cultured (see Ch. 18 for 
methods). 

In communities where tuberculosis is now rela- 
tively rare it is generally considered unnecessary to 
make the laborious tests for tubercle bacilli on all the 
many sputa received in the laboratory, most of which 
are frorm hospital patients with suspected pneumonia 
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or an exacerbated bronchitis. If there are good clini- 
cal and public health services, reliance may be placed 
on the physicians to indicate which specimens come 
from possibly tuberculous patients, and these should 
be examined for tubercle bacilli by both microscopy 
and culture (Ch. 18). That-this is the laboratory’s 
practice should be made known to family doctors, 
chest physicians and public health staff, so that these 
staff are warned always to indicate the possibility of 
tuberculosis on the request form accompanying the 
specimen to the laboratory. They should be asked 
to determine the criteria for deciding which patients 
require examination for tuberculosis, e.g. all patients 
with unexplained cough continuing for more than 
4-6 weeks, elderly persons with supposed ‘smoker’s 
cough’, coughing patients with haemoptysis: or 
cachexia, persons who have been in close contact 
with patients diagnosed as tuberculous, and patients 
with illnesses that make them specially vulnerable 
(e.g. AIDS). 

Laboratory staff must be protected against the risk 
of becoming infected from specimens containing 
tubercle bacilli. If, therefore, there may be cases of 
pulmonary tuberculosis in the patient population 
served by the laboratory, ai// specimens of sputum 
should be regarded as possibly dangerous and the 
procedures of making smears and seeding cultures 
should be performed in a safety cabinet. 


Summary of examinations for common 
infections 


All sputa should be examined for pneumococcus, 
haemophilus and the other prokaryotic and perhaps 
viral pathogens that commonly infect the bronchi 
and lungs. The recommended procedures are as 
follows. 


1. Note whether the specimen contains opaque 
green-yellow pus. Do not examine specimens con- 
sisting of clear, watery saliva. 

2. Divide the sample and send portions to the 
virus laboratory for antigen EJA and culture. 

3. Homogenizauon. There are advantages in 
homogenizing the specimen before making films 
and cultures. Most sputa are not homogeneous. 
The purulent material, which contains most of the 
relevant pathogens, is usually embedded in clear 
mucoid secretion, and if the specimen is not first 
homogenized it is difficult to separate out a purulent 


portion for filming and culture. If the specimen is’ 


homogenized, every drop and loopful of it will con- 
tain some of the pathogens present. Moreover, the 
homogenized material is suitable for quantitative 
examinations, 














To homogenize, mix and incubate equal volumes 
of the sputum and a solution of dithiothreito) or 
buffered pancreatin made up according to the manu- 
facturer’s instructions. With dithiothreitol, either 
mix rapidly on a vortex mixer for 15 seconds and 
stand for 15 min at ambient temperature or, prefer- 
ably, mix gently and continuously on a machine that 
tilts to and fro placed for 30 min in an incubator at 
37°C. With pancreatin, incubate for 30 min at 37°C 
with continuous or occasional shaking. 

4. Microscopy. Make a smear of the homogenized 
sputum, or a purulent portion of the sputum if it 
is not homogenized. Stain by Gram’s method and 
examine with oil-immersion. First note the presence 
and relative numbers of polymorphs and squamous 
epithelial cells. If there are less than 10 polymorphs 
per squame, the specimen is probably mainly saliva; 
if more, it is probably derived from an infected site 
in the lower respiratory tract. 

Next note whether there is a wide diversity of 
bacterial forms, suggesting salivary contamination, 
or the predominance of one potentially pathogenic 
form, e.g. Gram-positive diplococci (probably pneu- 
mococci), small slender Gram-negative bacilli (prob- 
ably haemophili), or clustered Gram-positive cocci 
(probably Staphylococcus aureus). Any of the latter 
three findings warrants the phoning of a provisional 
report to the physician to guide the initial choice 
of antibiotics for therapy. The finding of numerous 
staphylococci is particularly significant, as it indicates 
that treatment with a (}-lactamase-resistant penicillin, 
such as flucloxacillin, is urgently required. 

5. Culture. A semi-quantitative method of cul- 
ture is recommended, so that the presence of a 
potential pathogen in only small numbers, e.g. less 
than 10°/ml sputum, may either be ignored or be 
reported to the physician as probably representing 
contamination of the specimen from the throat 
(Dixon & Miller 1965). If, however, antibiotic treat- 
ment had been started before the specimen was 
taken, or if special considerations apply, as in cystic 
fibrosis, the presence of a potential pathogen in small 
numbers should not be ignored. 

A satisfactory procedure is to dilute the 1-in-2 
homogenized sputum a further 1 in 100 in sterile 
broth and to inoculate a 0.005 ml! loopful of the 
dilution on to each culture plate. The inoculum 
should be spread confluently over half of the plate 
and streaked out over the other half. The growth on 
the whole area of the plate of 25 or more colonies 
of the same potential pathogen will then indicate 
that 10° or more of that pathogen were present in 
each ml of the original sputum. The cultures should 
be incubated at 37°C for 18-24h in humid air 
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plus 5~10% CO,, and re-incubated if the colonies are 
then still small and indistinct. Only if lung abscess 
or bronchiectasis is suspected, need additional plates 
be set up for anaerobic incubation, which should 
be for 2-4 days. However, a few strains of pneumo- 
cocci appear to grow in primary cultures only under 
anaerobic conditions, so it may be best to culture 
all specimens anaerobically on an extra blood agar 
plate having a 5g optochin disc placed on a 
confluently seeded area and examine this after 
18-24 h. 

A plate of good blood agar should suffice to give 
characteristic growth of the main pathogens, but 
it is preferable also to seed a plate of either heated- 
blood (‘chocolate’) agar, which may give better 
growth of pneumococcus and haemophilus, or Fildes 
digest agar, which gives a very distinctive growth of 
H. influenzae and tends to suppress the growth of 
many salivary commensal bacteria (Ch. 25). 

6. Identification tests. If, before incubation of the 
primary cultures, a 5 ug optochin disc and a 1 unit 
benzylpenicillin disc are placed on the confluently 
seeded area of the blood plate and a 2 ug amoxycillin 
disc on that of the Fildes plate, the identity and sen- 
sitivities of pneumococcus and haemophilus isolates 
may be read and reported the day after receipt of 
the specimen. Further identification and sensitivity 
tests (Chs 13, 25) may be considered unnecessary, 
but care should be taken not to overlook f-lactamase 
production in a haemophilus. 

Staphylococcal isolates should be tested by the 
coagulase or DNase test for identification of S. aureus 
and tested for drug sensitivities, particularly to 
benzylpenicillin and a f-lactamase-resistant peni- 
cillin, such as methicillin (Chs 8, 11). Pseudomonas 
should be identified by an oxidase test performed 
on a colony on the primary plate, and tested for 
sensitivity to anti-pseudomonas drugs. It is seldom 
necessary to identify other coliforms, but if one 1s 
numerous and thought possibly to be of pathogenic 
significance, not merely an overgrowing contami- 
nant, its antibiotic sensitivities should be tested. Any 
numerous neisseria-like colonies should be tested 
by a rapid method for the utilization of glucose, 
maltose and sucrose to identify Moraxella catarrhalis, 
which does not utilize them (Ch. 14). 


Special considerations 


Fungal cultures. Candida may be recognized as 
small opaque cream-coloured colonies with spiky 
projections on blood agar. These should be sub- 
cultured for tests of sensitivity to nystatin and 
amphotericin and germ-tube formation (C. albicans, 
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Ch. 41). [f, however, the request form indicates that 
a candidal or fungal infection is suspected, the 
homogenized sputum should be seeded on to a plate 
of Sabouraud or malt extract agar with a 50 unit 
nystatin disc for aerobic incubation at 35-37°C for 
2 days for the culture of candida, and a slope of 
Sabouraud or malt extract agar for aerobic incu- 
bation at 28°C for 10 days, or as recommended in 
- Chapter 41, for the culture of aspergillus. 

Pneumocystis pneumonia. If signs of pneumonia or 
diffuse infiltration of the lungs occur in an immuno- 
suppressed or immunodeficient patient, and parti- 
cularly in a patient infected with HIV, infection with 
Pneumocystis carinii must be considered and its diag- 
nosis made quickly, for treatment with cotrimoxazole 
or pentamidine is required for this often fatal 
condition. 

The diagnosis depends on the microscopical 
demonstration of the Gram-negative trophozoites 
(1-2 jim) or the more easily seen Gram-positive cysts 
(c. 5m) of the protozoon. Spurum, or a tracheal 
or bronchial aspirate, rarely gives a positive result. 
_ A specimen of lung tissue should be obtained by 
percutaneous needle aspiration or open lung biopsy 
(Rosen et al 1975) or one of alveolar fluid by 
bronchoscopic alveolar lavage. 

Press the cut surface of tissue on a slide to yield an 
‘imprint’ without smearing. Centrifuge lavage fluid 
and spread about 0.1 ml of the deposit as a thick 
film on a slide. Dry the imprint or film and fix 
with brief heating. Stain the film by the Grocott 
methenamine silver nitrate method (taking c. 3 h), its 
rapid (5 min) modification (Smith & Hughes 1972), 
or the method described in Chapter 42 (Methods). 
The silver stains the thin wall and rwo internal 
comma-shaped bodies of the cysts black, and their 
cytoplasm a light golden colour, but does not stain 
the trophozoites. The cysts are commonly seen in 
clusters embedded in amorphous debris. Care must 
be taken to distinguish them from yeasts, which usu- 
ally stain solidly and may show budding. A second 
film may be stained by the Gram—Weigert method, 
which colours the wall and internal bodies of the 
cysts purple-black, 

Other bronchopulmonary infections. The range of 
viruses or small cell-dependent prokaryotes which 
cause upper and lower respiratory tract infection, 
febrile bronchitis, pneumonia and the like have 
been outlined above. The subsample of sputum and 
any supplementary specimens will be examined in 
the virus laboratory by rapid detection methods 
and culture using methods described in Chapters 36, 
37 and 39. Other sections of the laboratory will 
examine the sputum specimen for Legionella spp by 
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immunofluorescence and special culture and re- 
combinant DNA methods (see Chs 10, 29), 


5. INFECTIONS OF WOUNDS AND 
OTHER TISSUES 





This section deals with the diagnosis of mainly 


suppurative infections of wounds, burns, the skin, 
ulcers and sinuses, sites that aré open to contamina- 
tion with more than one of a variety of organisms 


from the skin, respiratory tract, alimentary tract or 


the environment; and also of closed abscesses and 
other infections of deep sites, e.g. osteomyelitis 
and septic arthritis, usually infected by only a single 
species of pathogen. 


Wound infections 


Wound infections may be endogenous or exogenous. 
Endogenous infections, or auto-infections, are caused 
by organisms that have been leading a commensal 
existence elsewhere in the patient’s body; for 
example, an abdominal surgical wound may become 
infected with organisms from the large bowel after 
an operation involving incision of the colon. In exo- 
genous infection the source of the infecting organ- _ 
ism is outwith the body of the patient who becomes 
infected; cross-infection is a particular example of 
exogenous infection in which the causal organism 
is spread from one person to another. Infection may 
occur after accidental or intentional trauma of the 
skin or other tissue; the latter type is often called 
‘surgical’ or ‘post-operative sepsis’. 

Infection of a wound is difficult to define and no 
clear rules can be given to distinguish it from con- 
tamination and colonization, Wounds and other 
open lesions are Jiable to contamination with a mullti- 
plicity of organisms from the body surfaces and 
environment; the contaminating organisms are at 
first generally present in relatively small numbers, 
as Originally introduced, and need not subsequently 
multiply. Infection occurs when one or more of the 


contaminants evades the clearing effect of the host’s 


defences, replicates in large numbers, and attacks 
and harms the host’s tissues. In the case of a 
commensal or low-grade pathogen, the multiplica- 
tion may cause little or no harm to the host and may 
best be described as colonization. Whether harmful 
infection or harmless colonization occurs is depend- 
ent on the virulence of the organisms and the local 
and general resistance of the host. A knowledge of 


_ the patient’s general and local condition is therefore 
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important in assessing the significance of bacterio- 
logical findings. 


Soft tissue infections 


Infections of soft tissues are generally associated 
with the production of pus and the bacteria involved 
are said to be ‘pyogenic’ (pus-producing). As there 
is a wide range of possible causative organisms, a 
degree of selectivity is inevitable in the choice of 
examination procedures in the laboratory. The 
physician has a responsibility to guide the search by 
noting clues to the nature of the infection in the 
patient’s history and clinical appearance. In many 
cases the likely cause is fairly obvious. There are 
well recognized associations of Staphylococcus aureus 
with pustules, boils, carbuncles, stitch abscesses and 
wound infections. Similarly, Streptococcus pyogenes 
is classically associated with the spreading lesion of 
erysipelas, which may present as a fulminating 
infection. Other S. pyogenes infections present with 
a localized lesion but a telltale line of inflammation 
along the draining lymphatic to the focal lymph node 
(streptococcal lymphadenitis). Yet again, others 
spread rapidly through subcutaneous tissue and 
fascia with rapid tissue destruction. 

A wide variety of aerobic and anaerobic species of 
bacteria may be present, either singly or in combina- 
tion, in infections of wounds and other soft tissues. 
The commonest pyogenic bacteria are Staphylococcus 
aureus, Streptococcus pyogenes, pneumococcus and 
coliform bacilli such as Escherichia coli, Proteus species 
and Pseudomonas aeruginosa. Anaerobic organisms, 
particularly Clostridium perfringens and other clostridia, 
Bacteroides species and anaerobic cocci, may be im- 
portant in infections of wounds, especially abdominal 
wounds, soiled deep or lacerated wounds, and wher- 
ever devitalized tissues provide suitably anaerobic 
conditions. Preliminary infection with aerobic bacte- 
ria, by consuming the available oxygen, may encour- 
age the growth of clostridia and lead to gas gangrene 
or tetanus (Ch. 31). 

In many cases there is a mixed infection with 
more than one bacterial species, and in some of 
these cases a pathogenic synergy may be evident 
with two or more species acting in concert fo Cause 
more damage to the tissues than would be caused 
by either alone. Mixed infections with Gram-positive 
cocci and coliform bacilli are not uncommon and 
polymicrobial infections with anaerobes such as 
bacteroides and fusiforms, or fuso-spirochaetal asso- 
ciations, are well recognized. In Vincent’s infection 
of the guns, for example, and in various other 


fuso-spirochaetal conditions, the mixture of species 
may be associated with a fulminating attack. 

Special associations of certain pathogens with’: 
particular conditions should be borne in mind, e.g. — 
those of bacteroides and anaerobic cocci with dental 
and cerebral abscesses, capnophilic cocci with dental, 
cerebral and hepatic abscesses, and anaerobes with 
pelvic inflammatory disease. Many post-operative 
abdominal or pelvic wounds have coliform bacilli 
associated with a moderate exudate during the early 
healing stage, the infection being often superficial 
and resolving without specific therapy. But a com- 
bination of coliforms with bacteroides may cause a 
more severe, synergic infection calling for prompt 
antibacterial therapy. 

Not all infections of the skin and subcutaneous 
tissues are suppurative in the sense described above. 
Herpes simplex of the skin presents as an inflamed 
area with some vesicle formation; however in infec- 


tion of the nail bed and surrounding skin (“herpetic 


whitlow’) an impression of suppuration may be 
given which leads to incision. Other confusing viral 
infections of the skin include superinfection of 
eczematous lesions with herpes simplex, varicella or 
pox viruses (diagnosis: Chs 38, 39). Unusual infec- 
tions which are emerging as a result of HIV immuno- 
suppression are bacilliary angiomatostis caused by 
Rochalimaea henselae, giving lesions which resembie 
Kaposi’s sarcoma. Cat scratch fever also appears to 
be an infection with R. henselae (see Ch. 35). More 
familiar infections from animal bites or close contact 
include those from Pasteurella multocida, Bacillus 
anthracis (malignant pustule) and paravaccinia and 
orf infection which again may give the impression of 
a suppurative lesion. In chronic infections that are 
slow to heal and in pus showing no other microbes, 
the possibility of infection with Mycobacterium 
tuberculosis, other mycobacteria, Actinomyces tsraelti, 
nocardiae or fungi must be considered. 


Bone infections 


Staphylococcus aureus is classically associated with. 
acute haematogenous osteomyelitis, but the range 
of causative organisms extends to include the Group 
B streptococcus and coliform bacilli in infants, 
Group A streptococci and Haemophilus influenzae in 
children, and various cocci and Gram-negative bacilli 
in adults. Osteomyelitis and osteitis secondary to a 
contiguous infection is commonly polymicrobial with 
aerobic and anaerobic components. In children and 
adolescents, skeletal tuberculosis may occur in the 
metaphysis of a long bone, whereas vertebra] tuber- 
culosis is typically seen in adults. Foci of tuberculosis 
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in the femur, knee and the bones of the hands and 
feet are not uncommon in adults. 

Various fungi may infect bone (Ch. 41) an 
actinomycosis may erode bone (Ch. 19), -- = >—- 

Pathogenic salmonellae, brucella organisms and 
the agent of Q fever may produce foci of skeletal 
infection and can be isolated from bone marrow. 
Bacteroides organisms may cause a bone lesion in a 
susceptible patient, e.g. in sickle-cell disease. 

Coagulase-negative and coagulase-positive staphy- 
lococci are common causes of infection complicating 
hip-replacement operations, with coliform bacilli 
and anaerobic cocci also prominent. 

Infections of compound fractures of long bones 
are often mixed. Staphylococcus aureus and coliforms 
aré commonly involved. Contamination with faecal 
Streptococci or clostridia calls for clinical vigilance 
and careful liaison with the laboratory. 


Collection of specimens 


Pus or exudate is often submitted on a swab for 
laboratory investigation. The swab is an inefficient 
sampling device and tends to desiccate the specimen 
and trap the bacteria, which are then not released 
on to the culture plate. Whenever possible, pus or 
exudate should be submitted in a small screw-capped 
bottle, a firmly stoppered tube or syringe, or a sealed 
capillary tube. Some workers advocate the sending 
of pus in oxygen-free, gassed-out vials or in special 
transport media. We recommend the routine use 
of transport medium swab kits where delay in transit 
is likely, as from general practice patients. Appro- 
priate recommendations are made at relevant sec- 
tions in this book. Fragments of excised tissue 
removed at wound toilet, or curettings from infected 
sinuses and other tissues, should be sent in a sterile 
container without fixative. They are homogenized 
in a Ussue grinder with a little sterile broth and sub- 
sequently treated in the same way as exudates. Delay 
in the transit of specimens to the laboratory must 
be avoided, especially in the case of swabs, where the 
exudate may dry into the cotton-wool. 

If it is decided to compromise and send a swab, 
load the swab well with the material. If possible, 
send two swabs taken from the depths of the wound 
or lesion, so that one can be used for the preparation 
of a smear for microscopy and the other for the 
seeding of cultures. It is difficult to make a good 
smear from a: swab, and quite impossible if the 
swab is dry; a dry swab must first be moistened with 
a little sterile broth or saline, and even then the smear 
may be inadequate. To avoid contamination of the 
swab before it is used to seed the cultures, either it 
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must be smeared on a sterilized slide or else used to 
make the smear only after it has been seeded on to 
all the culture media. The latter procedure is often 
followed and a poor, unrepresentative smear is usu- 
ally the result. The submission of duplicate swabs 
avoids this difficulty. The examination of material on 
swabs for mycobacteria is almost always unsatisfactory. 

If it can be arranged, an extra swab should be 


_ broken into a cooked-meat broth immediately it has 


been taken from the lesion in the ward or at opera- 
uon, and this broth containing the swab head should 
be sent to-the laboratory in addition to two con- 
ventionally packaged swabs. Pathogens sometimes 
grow in the directly seeded broth, and in subcultures 
from it, when they cannot be recovered in: culture 
from the conventional swabs. 

Physicians should be urged that when a special 
investigation is required, they should state this 
clearly on the request form, Thus the routine investi- 
gation is usually confined to a search for the common 
pyogenic bacteria and anaerobic pathogens and 
does not include an examination for mycobacteria, 
actinomyces, nocardia, the diphtheria bacillus, the 
anthrax bacillus or fungi. 

Blood culture. If the patient is febrile or in shock, 
or it seems possible that a local infection is accom- 
panied by a bacteraemia, a sample of blood should 
be taken for culture. 


Laboratory examination 


It is generally the practice to lay down a basic set of 
procedures for the examination of all wound swabs 
and other specimens of pus, exudate or tissue for 
the commoner pathogens, and the circumstances in 
which other, special methods of examination should 
be applied to particular specimens, e.g. when re- 
guested by the physician or indicated by clues on 
the request form to the possible presence of an un- 
common pathogen. The basic procedures usually 
include a naked-eye examination of the specimen, 


_ the microscopical examination of a Gram film, and 


culture on aerobic and anaerobic blood agar plates, 
on MacConkey agar and in cooked-meat broth. Gas 
chromatography may be performed directly on liquid 
specimens to indicate the presence of anaerobes 
(Ch. 30). 


Naked-eye examination 


The appearance of a specimen of pus or exudate, 
and that of any appreciable amount of pus on a swab, 
should be noted on initial examination. The pus of 
a staphylococcal lesion is typically creamy and thick 
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in consistency, with pus cells evident on microscopy. 
That of a Streptococcus pyogenes infection is generally 
straw-coloured and watery, with lysis of pus cells 
seen on microscopy. That of proteus infection has 
a fishy smell and that of pseudomonas infection a 
sweet, musty odour and often a blue pigmentation. 
Pus containing anaerobic organisms often has an 
offensive putrid smell, and that of actinomycosis 
may contain small microcolonies that appear as 
‘sulphur granules’ (Ch. 19). In some fungal infec- 
tions such as mycetoma, black or brown granules 
may be present (Ch. 41). The pus of an amoebic 
abscess is said to resemble anchovy sauce. 


Microscopy 


Much useful information may be obtained from a 
smear stained by Gram’s method. First note the 
presence and relative numbers of polymorphs and 
bacteria. Pay particular attention-to the numbers 
and variety of different morphological forms of 
Gram-positive and Gram-negative bacteria. If in a 
serious infection the appearances suggest the pres- 
ence of a particular pathogen, a provisional report 
should be telephoned to the physician to guide the 
initial treatment of the patient. Gram-positive cocci 
in typical clusters or chains may suggest a staphylo- 
coccal or streptococcal infection, but care should 
be taken, as the sheared edge of a cluster of cocci 
may simulate a chain of streptococci and a tangled 
streptococcal chain may simulate a staphylococcal 
cluster; mixed staphylococcal and streptococcal in- 
fections also occur. The appearance of Gram-positive 
diplococci may be given by either pneumococci or 
enterococci. Faintly staining Gram-negative rods are 
sometimes missed if much background debris is 
heavily counterstained. Gram-variable filaments of 
actinomyces may appear like chains of cocci and their 
fragments as diphtheroid bacilli. Many Gram-positive 
clostridia appear as Gram-negative forms in pus. 
Examination of a wet film may reveal the presence 
of fungi or motile bacteria; fluids aspirated from 
inflamed joints resembling septic arthritis should 
be examined in a wet film for the presence of uric 
acid crystals, which may be responsible for the con- 
dition in the absence of any infection. Darkground 
microscopy of a wet film is useful in the diagnosis 
of primary syphilis. A smear stained by the auramine 
or Ziehl-Neelsen method should be examined when 
the clinical circumstances suggest that the tubercle 
bacillus, another mycobacterium or a nocardia 
may be present, e.g. in chronic and neck abscesses 
(Chs 18, 19). Immunofluorescent staining allows 
the prompt identification of pathogens for which 





specific antisera are available, e.g. sorne pathogenic 
clostridia. 


Culture 


The specimen should be imoculared on to two 
plates of blood agar, the one for incubation at 
37°C aerobically, preferably in air plus 5—10% CO,, 
the other for incubation anaerobically in nitrogen/ 
hydrogen plus 5-10% CO. It should also be plated 
for aerobic incubation on MacConkey agar or 
CLED agar for the differentiation of coliforms, sta- 
phylococci and enterococci, and be inoculated into 
a tube of cooked-meat broth for the enrichment of 
exacting aerobes and anaerobes. If the specimen is a 
scantily charged swab, it should be inoculated first on 
to the blood agar plates, then on to the MacConkey, 
and finally into the cooked-meat broth, where it 
should be soaked in the broth and squeezed out on 
the inside wall of the tube several umes. 

If there is reason to expect the presence of a 
spreading organism such as proteus, which might 
overgrow to obscure and prejudice the isolation 
of other pathogens, the specimen should also be 
inoculated on to a plate of a medium that inhibits 
spreading, e.g. PNPG blood agar containing 0.43 g 
p-nitrophenylglycerol per litre or blood agar con- 
taining two to three times the usual concentration 
of agar. If firm agar is to be used, bacteriologists 
should have familiarized themselves with the small, 
often atypical appearance of the colonies of the com- 
mon pathogens grown on it. Spreading of proteus is 
inhibited on MacConkey agar, but the use of that 
medium is insufficient as some common pathogens, 
e.g. Streptococcus pyogenes, fail to grow on. it. 

It is a useful practice to place one or two antibiotic 
discs on the ‘well’ areas of the blood agar plates 
before incubation, e.g. a 1 unit benzylpenicillin disc 
and a 10 yg gentamicin disc on the aerobic plate and 
a 5 jg metronidazole disc and a 50 ptg neomycin disc 
on the anaerobic plate. These ‘primary sensitivity 
tests’ may give an early indication of an important 
aspect of antibiotic sensitivity, assist in the identifica- 
tion of colonies of species with constant sensitivities, 
and facilitate the isolation of resistant species from 
mixed cultures by the picking of colonies frorn the 
inhibition zones. Thus, strict anaerobes but not 
aerobes or facultative organisms are inhibited by 
metronidazole, whilst many anaerobes are resistant 
to neomycin which inhibits most aerobes. If the 
appearances in the Gram smear suggest the extra 
procedures will be worthwhile, a full set of antibiotic 
discs may be used on a separate plate seeded heavily 
and confluently from the specimen. 
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The culture plates are examined after overnight 
incubation at 37°C for 18-24h, when the relative 
numbers and types of the colonies should be noted 
and any further tests required for their identification 
and determination of their antibiotic sensitivities 
done. If there is no growth on the plates, or no growth 


of a type of organism seen in the Gram film, the 


aerobic and anaerobic blood agars should be 
reincubated for another 24h. If there is still no 
growth, the plates may be discarded unless there is 
an indication for longer incubation, as for 7 days 
when the presence is suspected of a slow-growing 
pathogen such as Actinomyces israelit or some species 
of bacteroides. If at 24 or 48h there is growth in 
the cooked-meat broth, indicated by turbidity in its 
supernate, but no growth on the plates, the broth 
should be filmed and subcultured, both aerobically 
and anaerobically. 

There is a difficulty relating to the culture of 
slow-growing anaerobes that are highly sensitive to 
killing by oxygen. Their still invisible growth may be 
killed by the exposure to air when the anaerobically 
incubated plate is opened and examined on the 
bench at 18-24h, and so not develop further 
when the plate is reincubated anaerobically, It is im- 
portant therefore to return the plates to an anaerobic 
atmosphere as quickly as possible after their opening 
and examination, but when many specimens are 
being examined it may be difficult to avoid exposure 
to air for up to an hour or more. There are thus 
advantages in continuous anaerobic incubation of 
primary culture plates (Ch. 6), This may be done 
by the use of an anaerobic cabinet in which the plates 
are incubated continuously, but may be inspected 
at intervals through a window without being removed 
from the anaerobic atmosphere. Otherwise, the 
specimen may be inoculated on to two anaerobic 
plates, the one to be removed for examination after 
18-24 h, the other to be left undisturbed in a separate 
anaerobic atmosphere for later examination after 
4-5 days. This second procedure requires the avail- 
ability of large numbers of anaerobic jars. 

If tuberculous or fungal infection is suspected, 
whether from the clinical circumstances, the appear- 
ances in a film, or the absence of growth of bacteria 
on the ordinary media, the specimen should be cul- 
tured by the appropriate methods on the appropriate 
special media (Chs 18, 41). 


Identification of isolates 


After the bacteria cultured have been obtained in 
pure subcultures, any further necessary tests for 
their identification -should be done, e.g. the coagulase 
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test on staphylococci, Lancefield’s grouping of [- 
haemolytic streptococci, and biochemical tests on 
coliform bacilli and anaerobes. At the same time 
the pure cultures should be tested for sensitivity to 
an extended range of antibiotics useful in therapy. 
When mixed bacteria are grown from a wound or 
other superficial lesion liable to be contaminated with 
commensal and saprophytic bacteria, the isolates 
judged to be such harmless contaminants, e.g. coagu- 
lase-negative staphylococci, diphtheroid bacilli and 
aerobic spore-formers, need not be fully identified 
or tested for antibiotic sensitivities. 


Interpretation and reporting 


A pure growth of a recognized pathogen obtained 
from a wound or closed abscess is easily interpreted 
as significant and will be reported to the physician 
as being so. Difficulties arise in the interpretation of 
mixed cultures grown from superficial lesions con- 
taminated with commensal and saprophytic organisms. 
Scanty growths of skin commensals such as coagulase- 
negative staphylococci and diphtheroid bacilli are 
usually disregarded and not reported, and similarly a 
few colonies of Escherichia coli grown from a perineal 
or other wound liable to be contaminated with faecal 
bacteria. If a potentially dangerous faecal commensal 
such as Clostridium perfringens is isolated in small 
numbers under such circumstances, the physician 
should be made aware of the potential danger while 
being advised of the probability that the organism 
is present only as a contaminant. It is particularly 
in chronic superficial lesions, such as varicose ulcers, 
that the presence of mixed commensal bacteria 
can confidently be disregarded as insignificant. The 
result may then be reported on the following lines. 
‘Many mixed faecal and skin bacteria present’, 
without giving identities or antibiotic sensitivities. 
But a pure growth of a commensal-type bacterium 
grown from a specimen aspirated from a deep site 
not subject to contamination, e.g. joint or pleural 
fluid, should be reported, together with sensitivities, 
unless the number of the organisms is so small as 
to indicate they are contaminants picked up during 
collection of the specimen or inoculation into the 
media. 

Some indication of the importance of the different 
bacteria cultured from a lesion may be seen in the 
number and proportion of their forms in the Gram - 
film and their colonies on the primary plates. In gen- 
eral, a numerous or predominant organism is likely 
to have pathogenic significance, but the relative 
numbers of the colonies of the different organisms ~ 
on a culture plate may not reflect the relative 
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numbers of the organisms in the lesion, for they are 
subject to many variations such as the relative speed 
of growth of the different species under the cultural 
conditions used, antibiotic interactions between 
species, the presence of traces of antibacterial drugs 
in the specimen, and the greater tendency of the 
more delicate pathogens, such as pneumococcus, 
haemophilus and anaerobes, to die during transport 
of the specimen to the laboratory. For such reasons, 
a causal pathogen may be cultured in smaller 
numbers than a contaminating commensal. 

It must be borne in mind that the number of 
colonies grown in a subculture from a primary 
enrichment culture of the specimen in cooked-meat 
broth bears no relation whatever to the number of 
organisms in the lesion. Even a single bacterium 


. inoculated into the broth may yield a profuse culture 


in 18h. When, however, the broth shows growth of 
an organism not found on the culture plates, it may 
be concluded that probably only very small numbers 
of that organism were present in the specimen. Thus, 
when a growth of Staphylococcus epidermidis is ob- 
tained in the broth but not on the plates, it is likely 
the organism was present only as a scanty contami- 
nant of the specimen. 

Sometimes the significance of a growth is difficult 
to assess in the laboratory, but the problem may 
often be resolved by discussion with the physician 
and examination of a further carefully taken speci- 
men from the lesion. 


Fluid aspirates 


Aspirated specimens of joint, pleural, pericardial 
and peritoneal fluids are examined generally as de- 
scribed above, but if the fluid is relatively clear and 
its volume sufficient, it should first be centrifuged to 
deposit the cells and bacteria; the deposit is then 
investigated and the supernate discarded into disin- 
fectant. As nutritionally exacting pathogens, such as 
pneumococcus, haemophilus and gonococcus may 
be present, an extra plate of heated-blood agar 
should be seeded for incubation in air plus 5-10% 
CO,. Deposits from joint and pleural fluids not 
yielding other bacteria should be examined for 
tubercle bacilli by auramine or Ziehl—Neelsen film 
and culrure on Léwenstein—Jensen medium (Ch, 18). 
Rarely, Mycoplasma hominis or Ureaplasma urealyticum 
may be isolated from pleural exudate or an aspirate 
from an inflamed joint. Some strains of Mycoplasma 
hominis will grow on blood agar but consideration 
may be given to the use of specialized mycoplasma 
media and the associated techniques (Ch. 36) when 
an exudate with inflammatory cells fails to yield one 


of the commoner pathogens. ‘Commensal’ myco- 
plasmas, such as M. salivarium, have been isolated 
from the inflamed joints of immunocompromised 
or immunodeficient patients and such mycoplasmas 
require special media and microaerophilic conditions 
for growth (Ch, 36). 


Peritoneal dialysis fluid 


Many patients with renal failure are now treated by 
the procedure of peritoneal dialysis, which exposes 
them to the risk of bacteria being introduced into 
the peritoneum and causing a serious peritonitis. 
Laboratory examination of the effluent fluid is re- 
quired so that the infection may be recognized at 
the earliest possible stage and appropnate antibiouc 
therapy given. When the effluent fluid is turbid 
to the naked eye, it is obvious that infection has 
occurred, but examination by cell count, Gram film 
and culture may reveal the development of the in- 
fection at an earlier stage, as well as identifying the 
infecting organism. Most infections are caused by 
coagulase-negative staphylococci, usually Staphylo- 
coccus epidermidis derived from the skin, but a few 
are caused by coliform bacilli, enterococci, viridans 
streptococci, Staphylococcus aureus, diphtheroid bacilli, 
candida and anaerobic bacilli. Until the identity 
and sensitivities of the causal organism are known, 
the infection may be treated with antibiotics, e.g. 
parenteral vancomycin and gentamicin or tobramycin 
added to the dialysis fluid. 

The whole bag of effluent may be delivered to 
the laboratory, where there are the skilled staff and 
facilities to remove a sample without introducing 
contaminating bacteria, The clip on the spout of the 
bag should be loosened, a little fluid run to waste, 
and then about 200 ml fluid collected in four 50 m! 
lots in sterile bottles suitable for centrifuging. Before 
centrifugation, a little of the mixed fluid should 
be taken for a leucocyte count, which is done in a 
counting chamber as used for cerebrospinal fluid 
cell counts. In the absence of infection the fluid will 
contain 10, 20 or 30 leucocytes/ml, but in peritonitis 
often 500/ml, 1000/ml or more. A count higher than 
100/ml should arouse the suspicion of a developing 
infection. The presence of eosinophilic polymorphs 
may suggest that the patient’s symptoms are due to 
hypersensitivity to components of the dialysis fluid 
rather than to infection. 

The 200 ml of fluid should then be centrifuged, 
the supernates discarded and the cellular deposits 
pooled in about 20 ml of residua! fluid. ‘This suspen- 
sion should be used to make a film for Gram staining 
and several drops of it should be inoculated on to 
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blood agar plates for aerobic and anaerobic incuba- 
tion, and a MacConkey plate for aerobic incubation. 
‘The remainder of the deposit should be added to a 
tube of cooked-meat broth. The plates are examined 
after 18-24h and again at 48h. If they show no 
growth the cooked-meat broth is incubated for up 
to 3 weeks, or until it becomes turbid, when it should 
be examined by film and subculture. An alternative 
approach is to inoculate samples of the dialysis fluid 
into a standard set of blood culture bottles in the 
place of the cooked-meat broth; the bottles are then 
incubated and subcultured by the standard proce- 
dures. Any organism isolated is identified and its 
sensitivities are determined. If the leucocyte count 
is raised, or if bacteria are seen in the Gram film 


or in culture, the finding should immediately be 


telephoned to the physician without waiting’ for 
identification of the bacteria. 

For a discussion of the diagnosis and management 
of peritonitis in continuous ambulatory peritoneal 
dialysis, see Report (1987). 


en ee La ee ee ee eee ht 3 one aca? 
6. EXANTHEMS AND ENANTHEMS 


Some generalized infections are heralded by the 
appearance of skin rashes (exanthems) or eruptions 
on mucous membranes (enanthems). Infectious dis- 
ease physicians, general practitioners and clinical 
microbiologists learn to relate characteristic rashes 
with specific infectious diseases or with a range 
of possible infections. The following merit special 
mention in this brief account, Bear in mind that 
many rashes have a non-infective aetiology and can 
be caused by toxins, allergens, insect bites and other 
parasites, metabolic disorders and other pathological 
conditions, Rashes are produced in some patients 
by the penicillin group of drugs, and the combined 
effect of ampicillin and infectious mononucleosis in 
this context is well known. 

Rashes or eruptions on skin or mucosae associated 
with infectious agents include: 


Candidiasis - 

Chickenpox (varicella) 

Cowpox 

Coxsackie A infection 

Enteric fever (typhoid) 

Glandular fever (infectious mononucleosis) 
Herpes simplex (cold sores, genital herpes) 
Herpes zoster (shingles) 

Impetigo 

Lassa fever and other viral haemorrhagic fevers 
Leptospirosis (Weil’s disease) 
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Measles 
Meningococcal septicaemia 
Molluscum contagiosum 
Pemphigus neonatorum 
Rheumatic fever 

Rickettsial infections 
Roseola infantum (exanthem subitum) 
Rubella (German measles) 
Scabies 

Scarlet fever (scarlatina) 
Smallpox (variola) 
Stevens—Johnson syndrome 
Tinea infections (ringworm) 
Toxic shock syndrome 
Warts 


The general index should be consulted for specific 
references to these topics in this book. Further 
detailed information on viruses involved with these 
rashes may also be obtained from the recent edition 
(4th, 1994) of White & Fenner’s Medical Virology.” 

The typical syndromes and presentations of child- 
hood infectious diseases such as mumps, measles and 
chickenpox ensure that these are usually diagnosed 
without confirmatory laboratory tests. 

The early distinction between some atypical cases 
of varicella and smallpox in the past was sometimes 
dependent on urgent laboratory evidence. 

The laboratory diagnosis of rubella and the sero- 
logical assessment of immunity to rubella is of major. 
importance in relation to pregnancy and possible 
damage to the fetus (see Ch, 38). 

The prompt recognition of the purpuric rash of a 
fulminating meningococcal infection is of paramount 
importance (Ch. 14).. 
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The laboratory approach to the diagnosis of genital 
tract infections is best considered in relation to the 
sex of the patient. Although some of the specific 
infections,’ ¢.g. gonorrhoea, syphilis and chlamydial 
infection, are common to both sexes, there are usu- 
ally differences in the presenting symptoms and the 
sites and methods of collection of specimens in these 
infections. Moreover, some other infections, e.g. 

vaginitis and uterine sepsis, are confined to women. 


Confidentiality 


In principle, laboratory reports are confidential to 
the physician requesting the examination, but many 
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laboratories dispatch batches of reports to hospital 
wards and medical clinics where they are opened by 
secretaries, nurses or junior medical staff for dis- 
tribution into the patients’ records. Confidentiality is 
particularly important in the case of reports, whether 
positive or negative, on the results of examinations 
for sexually transmitted infections and for HIV 
infection and hepatitis B infection. Such reports, 
or at very least the positive ones, should be posted 
separately and directly to the physician in charge of 
the patient’s case, and the use of code numbers rather 
than names merits serious consideration. 


7a. Genital infections in women 


These include urethritis, vaginitis, bacterial vaginosis, 
genital ulceration, cervicitis, uterine sepsis, salpingi- 
tis, oophoritis and the condition recognized as pelvic 
inflammatory disease. 


Vaginal discharge 


Excessive vaginal discharge which is purulent or 
abnormal in character is a common complaint, 
especially in sexually active women, and accounts 
for a large proportion of specimens submitted for 
laboratory examination for genital tract infection. A 
wide range of organisms may be associated with 
leucorrhoea, but the roles of some are still uncertain. 
In acute vaginitis the squamous epithelial lining of 
the vaginal wall is invaded and inflamed, causing 
discomfort, pruritis or pain in addition to discharge. 
It is most commonly caused by Trichomonas vaginalis 
(Ch. 42) or Candida albicans or other yeasts such as 
Torulopsis glabrata (Ch. 41). Another common con- 
dition is bacterial vaginosis (Ch. 25), in which the 
vaginal epithelium is not invaded or inflamed and 
the main presenting symptom is the presence of a 
putrid or fishy-smelling discharge. It appears to be 
caused by the excessive growth of a mixture of bacte- 
ria, including anaerobes, that are commonly present 
in smaller and harmless numbers in the healthy 
vagina, e.g. Gardnerella vaginalis, Bacteroides species, 
anaerobic cocci and anaerobic vibrios (/Mobiluncus). 
Recent studies suggest that Mycoplasma hominis is 
present in about 50% of the more severe (grade 3) 
cases of bacterial vaginosis, well in excess of the 
proportion of positives in women with a normal 
(grade 1) flora. Ureaplasma urealyticum 1s present in 
lower proportions in grade 2 and 3 bacterial vaginosis. 
Late miscarriage and pre-term birth are most closely 
correlated with grades 2 and 3 bacterial vaginosis 
(see also Ch. 25). 


Cervicitis 


Cervicitis with or without urethritis may be caused 
by infection with the gonococcus or Chlamydia 
trachomatis and may lead to vaginal discharge. In 
gonorrhoea there is also often infection of Bartholin’s 
glands, but only rarely infection of the vaginal epithe- 
lium. Chlamydial infection may occur with minimal 
signs and symptoms. Infection of the uterine tubes 
(salpingitis) with gonococci or Chlamydia trachomatis 
is associated with infertility and ectopic pregnancy 
as a result of damage to the lining of the Fallopian 
tubes (Ch. 37). Mycoplasma hominis, ureaplasmas 
and coliform bacilli may also be present (Ch. 36). 


Uterine sepsis 


Puerperal or post-abortion sepsis may or may not 
lead to an increased or abnormal discharge of lochia 
from the vagina, and the main clue to its diagnosis 
is the onset of pyrexia. Streptococcus pyogenes is the 
classical cause of puerperal uterine infection, which 
may lead to fatal septicaemia. Streptococci of other 
Lancefield groups, anaerobic cocci, Staphylococcus 
aureus, coliform bacilli, bacteroides, clostridia and 
Mycoplasma hominis are sometimes involved, either 
singly or in combination. These organisms may 
also be involved in post-operative infection of the 
genital tract, which may proceed to a life-threatening 
peritonitis or septicaemia. 


Genital ulceration 


Genital ulceration may be caused by herpes sim- 
plex virus, type 1 or type 2, 7reponema pallidum, 
Haemophilus ducreyi, chlamydiae of group A, and 
Calymmatobacterium granulomaus. Pathologists and 
clinicians recognize abnormal states of the epithe- 
lium of the uterine cervix, variously described as 
cervical ulceration, erosion, metaplasia and dyspla- 
sia. Chronic cervical infection with human papilloma 
viruses types 16 and 18 is associated with high risk 
of dysplasia and cervical carcinoma; lower risks 
exist with types 35, 45, 51, 52 and 56. At present 
the diagnosis of premalignant or malignant change 
still rests heavily on standard cytological screening. 
In the future, detection of papilloma virus by PCR 
amplification of consensus sequences in the genome 
and demonstration of persistent infection in women 
over 30 years will probably be used to predict risk 
of carcinoma. The cervix should be sampled directly 
when genital herpes is suspected in a pregnant 
woman. 
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Tuberculosis 


Tuberculous infection of the uterus and uterine tubes 
may be caused by Mycobacterium tuberculosis, M. bovis 
or one of the other pathogenic mycobacteria 
(Ch. 18), Actinomycotic infection of the uterus may 
be associated with the use of an intra-uterine device 
(Ch. 19). 


Toxic shock syndrome 


This is attributed to the elaboration of a potent exo- 
toxin by staphylococci contaminating and growing 
on vaginal tampons (Ch. 11). 


Commensal flora 


In relation to the collection of specimens and the 
interpretation of laboratory findings, it must be 
borne in mind that the vulva and urethral meatus 
are contaminated with skin, faecal and vaginal organ- 
isms, that the vagina has an indigenous commensal 
flora, and that the uterus, uterine tubes and ovaries 
are normally free from micro-organisms, It is only for 
a few days after abortion or childbirth that bacteria 
from the vagina or environment are likely to pass 
into the uterus. 

The commensal flora of the vagina varies with 
age. Before puberty, when the secretion is not acid 
(pH 6.5-7.5), the flora consists mainly of staphylo- 
cocci, streptococci other than S. pyogenes, diphtheroid 
bacilli and coliforms. From puberty to the meno- 
pause, the secretion is acid (e.g. pH 4.5) and lactoba- 
cilli predominate, though various other organisms 
are present in smaller numbers, e.g. staphylococci, 
enterococci, streptococci other than S. pyogenes, 
diphtheroid bacilli, coliform bacilli, bacteroides, 
anaerobic cocci, anaerobic vibrios, yeasts, myco- 
plasmas and ureaplasmas. After the menopause the 
secretion is again non-acid and lactobacilli no longer 
predominate in the flora. 


Collection of specimens 


The specimen generally collected for the diagnosis 
of vaginitis, vaginosis or uterine sepsis is a high 
vaginal swab. The swab is inserted into the upper 
part of the vagina and rotated there before with- 
drawing it, so that exudate is collected from the upper 
as well as the lower vaginal wall. Such a specimen, 
however, is quite unsuitable for the diagnosis of 
gonorrhoea, for gonococci derived from the infected 
cervix tend to die off in the acid vaginal secretion 
and, ifremaining viable, are likely to be overgrown by 
the vagina] commensal bacteria. 
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An endocervical swab must be collected for exami- 
nation for gonococci. A vaginal speculum must be 
used to provide a clear sight of the cervix and the 
swab is rubbed in and around the introitus of the 
cervix and withdrawn without contamination from 
the vaginal wall. Other swabs should also be taken 
from any exudate discharged from the meatus of 
the urethra, or a Bartholin’s gland. Rectal and 
pharyngeal swabs should also be considered. There 
are clear advantages in referring a patient to a special 
clinic for these investigations, which are fully detailed 
in Chapter 14. 

Swabs for culture should be placed in tubes of 
Amies’ transport medium (Ch. 5) for delivery to 
the laboratory. If possible, two swabs should be 
collected and submitted from each site, the one for 
making films and the other for seeding cultures. 
Alternatively, and preferably, the physician should 
use a second swab to make a smear with both thick 
and thin areas immediately it has been collected 
and, after drying and heat-fixation, submit the smear 
to the laboratory along with the first swab in a tube 
of transport medium. Smears prepared thus directly 
after collection of the discharge give much better 
results than smears prepared from swabs that have 
been transported to the laboratory. 

For examination for trichomonas, further, special 
specimens should be collected from the vagina and 
cervix, including a swab placed in clear trichomonas 
transport medium (Ch. 42) for microscopy and 
possibly culture. 


Microscopical examination 


Both a wet film and a Gram-stained film should be 
examined. The wet film, between slide and cover- 
slip, is examined for the presence of motile Tr- 
chomonas vaginalis as soon as possible after the 
specimen has been collected from the patient. If 
enough fluid cannot be expressed from the swab 
on to the slide, a little sterile saline may be added. If 
only one swab has been submitted, a sterile slide 
must be used, for the film must be prepared before 
the swab is inoculated on to culture media. The film 
is searched with x 10 and x 40 dry objectives for the 
presence of rounded or pear-shaped trichomonads 
showing jerky motility (Ch. 42). The presence of 
polymorphs or the yeast and hyphal forms of candida 
should also be noted, though these are generally 
looked for in the Gram smear. 

The Gram-stained smear should be examined par- 
ticularly for evidence of candidosis (vaginal thrush), 
bacterial vaginosis and, if from an endocervical swab, 
gonococcal infection. Candidosts:is commonest in 





“ih 


————————EEL—— 






pregnancy and diabetes, and after the administration 
of broad-spectrum antibiotics, steroids or oral con- 
traceptives. The presence of Gram-positive hyphae 
(pseudomycelium) in addition to numerous Gram- 
positive yeast forms is diagnostic. In bacterial vaginosis 
there are very numerous, small Gram-negative or 
Gram-variable bacilli of diphtheroid morphology 
(Gardnerella vaginalis), squamous epithelial cells 
covered with many such bacilli (‘clue cells’), a variety 
of other bacterial forms, e.g. Gram-negative bacilli 
and vibrios, and a relative scarcity of Gram-positive 
lactobacilli and polymorphs. Direct tests on the 
foul-smelling secretion will show it contains amines 
and has a pH of 5 or higher (Ch. 25). The diagnosis 
of bacterial vaginosis does not depend on the isola- 
tion of a particular micro-organism, €.g. Gardnerella 
vaginalis or Mycoplasma hominis, but on the replace- 
ment of the predominantly lactobacillary flora with 
a mixture of aerobic and anaerobic organisms, a 
shift of pH to neutral or alkaline, and the presence of 
‘clue’ cells. These changes are most easily assessed 
from the Gram-stained film (see Chs 25 and 36). 

The presence of Gram-negative diplococci intra- 
cellularly situated in a limited proportion of poly- 
morph leucocytes, as well as some situated 
extra-cellularly, is almost diagnostic of gonorrhoea, 
but presumptive positive smears must be confirmed 
by culture, particularly in cases that may involve legal 
proceedings. 


Culture 


The specimen should be inoculated on to two plates 
of a rich blood agar medium, the one for incubation 
at 35-37°C in a humid atmosphere or air plus 5° 
CO, and the other in an anaerobic atmosphere with 
CO,. The plates should be examined after 18-24 h 
and again after reincubation for another 24h, as 
anaerobic bacteria and candida may show very little 
growth after 18-24h. It may be helpful to have 
placed a 5 pg metronidazole disc and a 50 [lg neo- 
mycin disc on the ‘well’ area of the anaerobic plate to 
assist in the recognition and isolation of anaerobes. 


Additional media should be seeded when the pres- 


ence of particular pathogens is expected. Culture of 
an additional, confluently-seeded aerobic blood agar 
plate bearing several different antibiotic discs may 
assist in the separation and provisional identification 
of the organisms in a mixed flora. 

Colonies of Candida albicans can often be recog- 
nized on the aerobic blood agar plate, either by the 
appearance of their white colonies with spiky pro- 
jections or by their growth in the inhibition zones 
around discs with antibacterial antibiotics. However, 
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if the clinical features or the appearances of the 
Gram smear suggest that the patient may have 
candidosis, it is advisable initially also to inoculate 
the specimen on to a plate of Sabouraud’s agar or 
malt extract agar for aerobic incubation for 48 h at 
35-37°C. The placing of a 50 unit nystatin disc 
and a 20g amphotericin disc on the heavily ino- 
culated ‘well’ area of the Sabouraud plate will assist 
in the recognition of a candida growth, distinguishing 
sensitive yeast colonies from resistant staphylococcal 
and other bacterial colonies, as well as confirming 
the strain’s sensitivity to these therapeutic drugs. In 
the interpretation of findings, it must be borne in 
mind that small numbers of candida organisms are 
commonly present as commensals in the healthy 
vagina and that the finding of a few colonies in cul- 
ture is not diagnostic of candidosis. In a true infection 
the numbers of the organisms will often be suffi- 
ciently great for many to be seen in the stained smear. 

Neisseria gonorrhoeae may grow well enough on 
the rich moist blood agar incubated in air plus CO), 
but if the clinical features or the appearances in the 
Gram smear suggest that there may be a gonococcal 
infection, the specitnen should be inoculated addi- 
tionally on to a plate of moist heated-blood agar 
and a plate of the modified New York City selective 
medium (Ch. 14) for incubation at 35-37°C in air 
plus 5-10% CQ)». 

When uterine sepsis is suspected, the specimen 
should be inoculated on to a MacConkey plate and 
into a cooked-meat broth as well as on to aerobic 
and anaerobic blood agar plates, and examined for 
pyogenic bacteria as described above for wound 
swabs. When an actinomycotic infection is sus- 
pected, anaerobic culture should be continued for 7 
days and the specimen should be seeded on to an 
additional plate of selective medium, e.g. blood agar 
containing metronidazole 2.5 g/litre (Ch. 19). 

Non-gonococcal genital infection. A significant 
proportion of non-gonococcal genital infection in 
women is generally due to Chlamydia trachomatis. 
The chlamydial infection is primarily a cerviCitis, 
which in over half the patients may be symptomless. 
It may also cause urethritis, clinical or silent salpingi- 
tis leading to infertility, pelvic inflammatory disease 
or, post partum, inclusion conjunctivitis or pneumoni- 
tis in the patient’s newborn baby (see Ch. 37). 

Scrapings of epithelial cells from the cervix and 
urethra should be collected on microscope slides for _ 
the identification of elementary chlamydial bodies 
and larger inclusions in the cells’ cytoplasm by 
immunofiuorescence with specific, preferably mono- 
clonal antiserum (Alexander et al 1985). More com- 
monly, scrapings are examined in an antigen-capture 
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EIA test or are collected in antibiotic-free transport 
medium for culture in HL cell line, McCoy or 
other cells (Ch. 37). aa 
Mycoplasma infection, The role of mycoplasmas 
in genitourinary infections continues to present inter- 
pretative difficulties given the presence of Myco- 


plasma hominis and Ureaplasma urealyticum in healthy 


sexually active persons (see Ch. 36 for discussion). 
As with Escherichia coh infections in the urinary tract, 
measurement of the numbers of mycoplasmas 
present may give some guide to their pathological 
importance. With ureaplasmas the following quanti- 
tative culture may be applied or one of the commer- 
cially available systems may be utilized (Ch, 36), 
Ureaplasmas can be cultured from cervical or vaginal 
swabs and the centrifuged deposit from the first 
30—40 ml of voided urine. Their isolation and identi- 
fication is aided by their ability to hydrolyse urea. 

Perform quantitative culture by making 10-fold 
dilutions of the specimen in small (0.9 ml) volumes 
of liquid medium comprising PPLO broth, horse 
serum, urea and phenol red indicator (Ch. 36). Ex- 
press the exudate from the swab into 0.9 ml medium 
to obtain a 10' dilution and prepare further dilutions 
up to 10°. Incubate at 37°C and examine for. a 
colour change each day up to 7 days. With colour 
changes resulting from ureaplasma growth the me- 
dium remains clear; any turbidity is a sign of bacterial 
contamination which invalidates the result (see also 
Ch. 36). 

Genital ulcers. Serological tests for syphilis should 
be performed not only in cases where there is a clini- 
cal indication of this infection, but also in cases of 
other genital and sexually transmissible conditions, 
for syphilis may be present in addition to a diagnosed 
gonococcal, trichomonal or chlamydial infection, 
If an accessible ulcer is present, exudate from it 
should be examined by darkground microscopy for 
the presence of treponemes (Ch. 33). In suspected 
genital herpes, fluid from any vesicle and exudate 
collected from the base of ulcers should be placed 
in virus transport medium and submitted for culture 
for herpes simplex virus (Ch. 38). 


7b. Genital infections in men 


The infections in men are mostly caused by the 
same organisms as in women, but, with the exception 
of herpes simplex, are seldom asymptomatic. In 
practice, urethritis is classified as gonococcal or non- 
gonococcal (NGU) depending on whether or not 
gonococci are found in a Gram film or a culture of 
the discharge (Ch. 14). Most cases of NGU are 
caused by Chlamydia trachomatis, whilst ureaplasmas 
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probably account for about 10% of cases. Prostatitis 
is rare in sexually active men and when it occurs 
is usually caused by gonococci or chlamydiae. ‘The 
subacute or chronic prostatitis found in older men 
is usually associated with the presence of coliform 
bacilli or enterococci. The same differences in aetio- 
logy between younger and older patients apply also 
to epididymitis. A tuberculous epididymitis is occa- 
sionally found in patients with latent or active 
tuberculosis. 

Balanitis and balano-posthitis often occur as mixed 
infections of the preputial sac and sulcus associated 
with inflammation and ulceration; skin and faecal 
bacteria are usually present and there is often an 
active bacteroides component. Ulceration of the 
penis may be caused by herpes simplex virus, usually 
type 2 but not infrequently type 1, the primary chan- 
cre of syphilis by Treponema pallidum, the soft sore of 
chancroid by Haemophilus ducreyi, lymphogranuloma 
venereum by chlamydia, and granuloma inguinale 
by Calymmatobacterium granulomatis. The presence 
of genital warts, or the symptomless shedding of 
papilloma viruses, is of significance for infection of 
sexual partners. Orchitis may be a reaction to mumps 
or due to infection with Coxiella burnerii. 


Collection of specimens 


Urethral discharge milked from the urethra may 
be expressed directly on to slides for examination 
in Gram-stained films for gonococci. Discharge col- 
lected in an inoculating loop should, if possible, 
be inoculated immediately on to warmed plates of 
heated-blood agar and selective medium for the 
culture of gonococci. If specimens have to be trans- 
ported to the laboratory for the preparation of films 
and inoculation into culture, as much exudate as 
possible should be collected on a swab and the swab 
at once plunged into a tube of Amies’ transport 
medium. When prostatitis is suspected and there is 
no spontaneous discharge from the urethra, massage 
of the prostate per rectum may express some exudate 
for examination. The examination of a chancre re- 
quires the careful collection of exudate and its pre- 
paration for darkground microscopy (Ch. 33). A 
specimen of clotted venous blood should be collected 
for serological examination. 


Laboratory examinations 


Comparable specimens are examined for pathogens 
on the same lines as those from infections in women, 
The interpretation of results is usually easier in male 
than female infections, for specimens of urethral 
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discharge and exudate from ulcers are less likely to 
be contaminated with organisms from the perineum. 
Nevertheless, the distal urethra in men does possess 
a commensal flora, including diphtheroid bacilli, 
coagulase-negative staphylococci, enterococci and 
coliform bacilli. The presence of these bacteria is 


unlikely to be related to infection and should be 


ignored. 
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8. ‘MENINGITIS _ 


There is urgent need for the laboratory diagnosis — 


of suspected meningitis, for bacterial meningitis is 
life-threatening and requires appropriate antibiotic 
therapy at the earliest possible moment. An out- 
of-hours laboratory service should be available so 
that calls for examinations can be met at any time 
of the day. Preliminary findings should be telephoned 
at once to the physician to guide the initial choice 
of therapy. 

The clinical signs of meningeal irritation always 
suggest infection of the meninges, but they some- 
times occur in association with certain other acute 
infections not involving the meninges (meningismus) 
and with certain non-infective conditions such as 
subarachnoid haemorrhage. Infants, moreover, may 
have meningitis without the usual localizing signs. 
Laboratory examinations therefore have an umpor- 
tant role in establishing whether or not there is men- 
ingitis as well as in determining the causal organism 
in cases of infective meningitis. Every patient sus- 
pected of having meningitis should have a specimen 
of cerebrospinal fluid (CSF) examined in the 
laboratory if this can be safety obtained. 

Most cases of meningitis fall into one of two cat- 
egories: purulent meningitis and aseptic meningitis. 
In purulent meningitis the CSF is typically turbid 
due to the presence of large numbers of leucocytes, 
e.g. from 100 to several thousands/mm’, most of 
which are polymorphs. The majority of cases are 
caused by one or other of three bacteria: meningo~ 
coccus, pneumococcus and Haemophilus influenzae, 
which generally pass to the meninges from the respi- 


ratory tract via the bloodstream. In neonates and | 


infants, coliform bacilli, group B streptococci and, 
less commonly, pseudomonads, salmonellae and 
Listeria monocytogenes may be the cause. Infections 
acquired through a carelessly performed lumbar 
puncture, an accidental wound or an infected neuro- 
surgical wound may be due to pyogenic staphy- 
lococci or streptococci, coliform bacilli, anaerobic 
cocci or bacteroides. In patients with CSF-venous 
shunts, infection may be caused by Staphylococcus 


epidermidis or some other commensal or saprophytic 
bacterium. The meninges may become inflamed in 
reaction to an underlying brain abscess, in which 
case the CSF may or may not contain large numbers 
of polymorphs and may or may not yield a culture 
of the causal organism. 

In aseptic meningitis, which in Britain is much 
commoner than purulent meningitis, the CSF is clear 
or only slightly turbid and contains only moderate 
numbers of leucocytes, e.g. 10-500/mm”, most of 
which are lymphocytes, except in the earliest stage. 
The great majority of cases are due to viruses (viral 
meningitis), particularly enteroviruses of the echo, 
coxsackie and polio groups. Mumps virus is a moder- 
ately common cause and a few cases are due to herpes 
simplex, varicella-zoster, measles and adenoviruses. 
Arboviruses cause cases in countries where these 
viruses are common. 

A few cases with CSF findings resembling those 
of viral meningitis are caused by leptospires (serovars 
canicola and icterohaemorrhagiae), fungi (Crypto- 
coccus neoformans or Candida albicans) and amoebae 
(Naegleria or Hartmanella). And an underlying viral 
encephalitis may give a moderate lymphocytic exu- 
date in the CSF. It should also be noted that 
when antibiotic therapy is started at an early stage in 
a bacterial meningitis, the CSF findings may be like 
those of aseptic meningitis. 

Tuberculous meningitis, now rare in Britain, vedbiee 
from a progressive primary infection, usually pulmo- 
nary or mesenteric, and is often associated with 
miliary tuberculosis. It is fatal unless specific anti- 
tuberculous therapy is given, so its prompt diagnosis 
is essential. The CSF findings often resemble those 
of aseptic meningitis, but the cell count is usually 
slightly higher, e.g. 100-500 leucocytes/mm’, mostly 
lymphocytes, and a veil clot (fibrin web) often develops 
when the CSF is allowed to stand undisturbed. 


Collection of specimens 


The principal specimen to be examined is of CSF 
collected by lumbar puncture. The procedure should 
be attempted only by physicians well trained in its 
performance and rigorous aseptic precautions must 
be observed to prevent the introduction of infection. 
Only 3—5 ml of fluid should be collected, for the 
removal of a larger volume may lead to headache, 
and the rate of collection should be slow, about 
4 or 5 drops a second. When there is increased 
intracranial pressure, it may be unsafe to undertake 
lumbar puncture as removal of fluid may draw 
down the cerebellum into the foramen magnum and 
compress the medulla. 
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Contamer for CSF. The laboratory should supply 
fresh sterile screw-capped containers for the collec- 
tion of CSF. These should not be containers that 
have been cleaned and sterilized after previous use 
for other purposes. Such re-used containers may 
contain bacteria from a previous specimen which, 
although killed by the sterilization procedure, may 
be seen in a Gram-stained film of the CSF and lead 
to the issuing of an erroneous preliminary report 
based on the findings in the film. 

‘The specimen must be dispatched to the laboratory 
as quickly as possible, for delay may result in the 
death of delicate pathogens, such as meningococci, 
and the disintegration of leucocytes. It should not 
be kept in a refrigerator, which tends to kill H. 
influenzae. If delay for a few hours is unavoidable, 
the specimen is best kept in an incubator at 37°C. 

Blood culture. Blood for cultures should be col- 
lected at the same time as the CSF, if possible before 
antibiotics are given. Bacterial meningitis is often 
associated with a bacteraemia and the delicate causal 
organism may sometimes be isolated from the blood 
when culture of the CSF is negative. Sepric spots are 
often present on the skin in cases of meningococcal 
meningitis and bacteraemia. One should be scraped 
and fluid expressed on to a microscope slide for 
Gram staining, for the cocci may be demonstrated 
in this material when they cannot be seen in the CSF. 

At this stage consideration should be given to the 
diagnosis of viral infection of the CNS. The speci- 
men of CSF should be divided and a portion sent 
to the virus laboratory on ice or a cold pack in an 
insulated container. At the same time a blood sample 
for serum should be collected to provide a baseline 
specimen for serodiagnosis of those viruses (e.g. 
mumps, herpes simplex) or other agents (e.g. Myco- 
plasma pneumoniae) which may be difficult to culture 
and so ultimately require serological confirmation 
of infection. The CSF will be inoculated into cell 
culture for enteroviruses; PCR detection of herpes 
simplex and M. pneumoniae gene sequences may be 
attempted; and Ag EIA for viral and chlamydial 
antigens and M. pneumoniae performed. A faeces 
specimen and throat swab should be collected for 
the attempted isolation of polio virus and other 
enteroviruses (see Ch. 38). 


Laboratory examination of CSF for cells 
and microorganisms 


The specimen should be examined with the naked 
eye for the presence of turbidity and any sign of 
contamination with blood from the puncture wound. 
Normal CSF is clear and colourless like water. A 
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yellow colour (xanthochromic) may result from a 
previous cerebral haemorrhage. The specimen should 
then be examined by cell count, Gram film, culture 
and, if facilities are available, for its glucose and 
protein contents and the presence of haemophilus, 
meningococcal or pneumococcal antigens. 


Cell count 


The leucocytes in the CSF are counted by micro- 
scopical observation of well mixed, uncentrifuged 
fluid in a slide counting chamber. The relative 
numbers of polymorphs and lymphocytes should be 
noted, and the number of erythrocytes in specimens 
contaminated with blood. Normal CSF contains 
only 0—5 leucocytes/mm”, mainly lymphocytes, though 
in neonates up to 30/mm’, mainly polymorphs. 
In purulent meningitis there are usually 100-3000 
leucocytes/mm’, mostly polymorphs, though in some 
cases much higher numbers. In aseptic’ meningitis 
there are usually 10-500 leucocytes/mm*, mostly 
lymphocytes, though polymorphs may predominate 
in the earliest acute stage of the illness. In tuber- 
culous meningitis there are usually 100-500 
leucocytes/mm’, mostly lymphocytes. 

If the CSF is heavily blood stained, it is not worth- 
while to attempt to make a cell count, for numerous 
leucocytes derived from the blood will be present. 
But if there is only slight contamination with blood, 
the leucocytes and erythrocytes should be counted 
separately. The finding of leucocytes in numbers 
greatly in excess of 1 per 1000 erythrocytes, the 
approximate ratio in blood, will suggest the presence 
of meningitis. 

When examining the wet film of CSF for the 
cell count, care should be taken not to mistake the 
rare presence of yeasts or amoebae for leucocytes. 
A wet film of centrifuged CSF deposit mixed with 
India ink will, when examined under oil-immersion, 
demonstrate the characteristic capsulate yeast cells of 
Cryptococcus neoformans and a wet film examined on a 
warm stage will show the slowly motile trophozoites 
of Acanthamoeba (Hartmaneila) or Naegleria. 

Counting chamber. The cell count is usually 
performed in a modified Fuchs-Rosenthal slide 
chamber, which has a film depth of 0.2 mm between 
the counting surface of the slide and the overlying 
cover-slip. The counting surface is marked with triple 
lines into nine large squares, each 1 mm? in area 
and subdivided into 16 small squares. The volume of 
fluid in the film overlying five large squares is thus 
1 mm?’ and the count of the cells on five large squares 
is thus the count per mm”. 

Dilution. 


CSF that is clear or only slightly turbid 
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should be examined undiluted but when the speci- 
men is highly turbid and its cell count very high, it 
may be necessary to dilute it 1 in 10 or 1 in 100 before 
examination. When separate counts are to be made 
of the leucocytes and erythrocytes, 0.85% NaCl 
solution should be used as diluent. If, however, the 
presence of large numbers of erythrocytes makes the 
recognition and counting of the leucocytes difficult, 
the dilution should be done with a counting fluid 
which lyses the erythrocytes and stains the nuclei of 
the leucocytes. A suitable fluid contains acetic acid 
and crystal violet, e.g. 


Glacial acetic acid 1 ml 
Propan 1, 2 diol 2.5 ml 
Crystal violet 1% in water 1.5 ml 


Distilled water 100 ml 


Procedure. 1. Make sure the surfaces of the 
counting chamber and its cover-slip are clean and 
dry. Press the cover-slip on to the support areas at 
the sides of the counting surface until broad bands 
of rainbow colours (Newton’s rings) appear and 
indicate that close and even contact has been made. 

2. Gently but thoroughly mix the diluted or 
undiluted uncentrifuged CSF. Take up about 0.2 ml 
in the capillary end of a Pasteur pipette. Carefully 
apply the tip of the pipette to the counting surface 
at the edge of the coverslip and allow the fluid to run 
into the chamber so that it fills the whole chamber 
without the presence of bubbles of air and yet does 
not spill over to the support areas on either side. 
Newton’s rings should still be apparent. 

3. First inspect the area of the counting grid with 
the low power of the microscope. Defocus the 
condenser to make the unstained cells clearly visible. 
Then count the cells with a x 40 dry objective (mag- 
nification x 300 or x 400), Count the cells on five 
of the large squares. Include in the count any cells 
that overlap the innermost line of the triple-lined 
border on the left-hand and distal sides of the square 
and exclude from the count the cells that overlap 
the border on the right and proximal sides. ‘lake care 
not to count erythrocytes as leucocytes. 

4. Add together the counts for the five large 
squares and, in the case of diluted specimens, mult- 
ply by the dilution factor to get the count per mm. 


Differential leucocyte count. If there is any difficulty 
in differentiating polymorphs and lymphocytes m 
the counting chamber, make a film of the cellular 
deposit after the specimen has been centrifuged, fix 
with heat, stain with methylene blue, Leishman or 
carbol thionine and examine by oil-immersion to 
assess the relative numbers of the two types of 
leucocytes. 


Gram film of CSF 


After taking some CSF for the cell count, the remain- 
der should be centrifuged to deposit any cells and 
bacteria and a film of the deposit should be stained 
by Gram’s method. As cells and bacteria may be 
scanty, it is generally helpful to make a thick film 
within an area of about 10 mm diameter encircled 
by a scratch on the surface of the slide, so that the 
area to be searched is clearly defined. When the CSF 
is highly turbid and proteinaceous, part of the film 
should be thin, for sometimes a wholly thick film, 
although dried and fixed by heat, becomes washed 
off the slide in the course of staining. 

A very careful search for bacteria should be made 
particularly in areas of the film where there are 
plenty of leucocytes, and the search should be con- 
tinued for at least 10 min before accepting the result 
as negative. The finding of bacterial forms resem- 
bling meningococci, pneumococci, haemophili, co- 
liform bacilli, streptococci or listeriae should at once 
be reported to the physician, for different anti- 
biotics are preferred for treatment of the different 
infections: e.g. benzylpenicillin (or chloramphenicol) 
for meningococcus and pneumococcus; chloram- 
phenicol for haemophilus; chloramphenicol, ampicil- 
lin or cotrimoxazole for coliforms; benzylpenicillin 
or chloramphenicol for group B streptococci; and 
ampicillin or chloramphenicol for listeria, Benzyl- 
penicillin and chloramphenicol are often given blind 
to cases of suspected meningitis before laboratory 
results are available, but it is important to avoid 
overdosage or prolonged dosage with chlorarmpheni- 
col in infants, especially neonates, and the earliest 
indication of the type of bacteria present may be 
helpful in enabling the physician to change to other 
drugs. Cefotaxime, ceftizoxime or ceftriaxone are 
other options for blind therapy. 

When a variety of bacterial forms is seen in the film, 
the probability of the specimen being contaminated 
with live or dead bacteria should be suspected. 


Culture of CSF 


Immediately after centrifugation of the CSF and the 
removal of some of the deposit for the Gram film, 
the remainder of the deposit should be seeded heavily 
on to culture media, e.g. a plate of blood agar and 
a plate of heated-blood agar for incubation in humid 
air plus 5—10% CQO,, and a tube of cooked-meat 
broth, Particularly when there may be a brain ab- 
scess, possibly due to bacteroides or anaerobic cocci, 
2 further blood agar plate should be seeded for 
incubation for 2—5 days in an anaerobic atmosphere 
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with 5-10% CO,. When organisms are sufficiently 
numerous to be seen in the film, another blood agar 
plate should be seeded confluently and antibiotic 
discs applied, including discs with benzylpenicillin 
and chloramphenicol, so that sensitivity results may 
be obtained with minimal delay, but they must be 
regarded with caution, especially those for Haemophilus 
influenzae (see Ch. 25). 


The cultures should be inspected “after overnight 


incubation, Any growth should be identified and if 
primary sensitivity results are not available, tests 
with appropriate antibiotics should be done on the 
isolate. If no growth is apparent after overnight 
incubation, the plates should at once be reincubated 
for another day and then again inspected for growth. 
If the plate cultures remain free from growth, and 
turbidity develops in the cooked-meat broth, the 
broth should be filmed and subcultured on to 
blood agar and heated-blood agar plates, incubated 
aerobically and anaerobically. 


Biochemical tests 


The supernate from the centrifuged CSF should be 
tested for its content of glucose and protein. Normal 
CSF centains 2.2-4 mmol glucose/litre (about 60% 
of the plasma glucose value) and 0.15-0.4 g protein/ 
litre (in neonates up to 1.5 g protein/litre). In puru- 
lent bacterial meningitis the glucose concentration is 
reduced (0-2 mmol/litre) and the protein concentra- 
tion increased (0.5-3 g/litre). In aseptic (viral). men- 
ingitis the glucose concentration is normal and the 
protein concentration raised a little (0.5—1 g/litre). 


Bacterial antigens 


If appropriate reagents are available, a rapid indi- 
cation of the type of infection may be obtained by 
the performance of a Jatex agglutination test or co- 
agglutination or counter-immunoelectrophoresis test 
on the CSF (or blood serum) to demonstrate the 
presence of the antigens of meningococci of sero- 
type A, B or C, or the capsular antigens of the 
commoner types of pneumococci or Pittman’s type b 
of Haemophilus influenzae (Wasilavskas & Hampton 
1982, and see Chs 13, 14, 25). Convenient kits for 
the coagglutination test are available commercially 
and are described in appropriate chapters. 


Tuberculous meningitis 


When a tuberculous infection is suspected, the cen- 
trifuged deposit of the CSF should be examined in 
an auramine or Ziehl—Neelsen stained film for acid- 
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fast bacilli and cultured on one or two slopes of 
Léwenstein-Jensen medium (Ch. 18). The film 
should be searched for at least 5 min before being 
accepted as negative. If facilities are available, some 
of the CSF should be inoculated into a guinea-pig 
(Ch. 18). As in purulent meningitis, the glucose con- 
tent of the CSF is reduced and the protein content 
increased. 


Leptospiral meningitis 


When the CSF appearances are those of aseptic 
meningitis and the clinical features, e.g. conjunctivi- 
ts, jaundice or nephritis, suggest that the infection 
may be leptospiral, aliquots of the paired sera for 
viral serodiagnosis should be forwarded for detection 
of antibody response in the serovar-specific micro- 
scopical agglutination test or the genus-specific 
complement-fixation and sensitized erythrocyte tests 
(Ch. 34). Occasionally, motile leptospires may be 
seen in the CSF under darkground illumination and 
occasionally leptospires may be cultured from 
CSF or blood inoculated into Korthoff’s or other 
leptospiral medium (Ch. 34), 
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9. GASTROINTESTINAL INFECTIONS | 


The commonest specimens examined for gastro- 
intestinal infections are those of faeces from patients 
with diarrhoea, with or without abdominal pain or 
vomiting. Formed stools may be submitted from 
patients suspected of having enteric fever, helmin- 
thiasis or the subclinical carriage of an intestinal 
pathogen, and clotted blood may be submitted for 
serological examination for suspected enteric fever 
or an intestinal virus infection. The remarkable 
recognition within the last decade of the role of 
Helicobacter pylori in acute and chronic infections 
of the gastric mucosa is discussed in Chapter 24. 

In Britain the commonest infectious causes of 
diarrhoea in adults and children over 2—3 years old 
are infections with Campylobacter spp, Salmonella 
enteritidis, S. typhimurium and other animal-derived 
salmonellas and Shigella sonnet, and food-poisoning 
due to these and other bacteria, e.g. Staphylococcus 
aureus, Clostridium perfringens, Bacillus cereus and 
Vibrio parahaemolyncus. A moderate number of 
cases are caused by the protozoa Giardia intestinalis 
and Cryptosporidium, and a few cases by Shigella 
flexneri, Salmonella typhi, Salmonelia paratyphi B, 
Aeromonas hydrophila, Plesiomonas shigelloides and 
Yersinia enterocohtica. Consult the general index for 
specific references in this book. 
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In infants under 3 years old, many cases of gastro- 
enteritis are caused by rotaviruses, enteric adeno- 
viruses and so called ‘small round’ viruses (Ch. 38). 
Children may have severe infections with intestinal 
pathogenic strains of Escherichia coli (Ch. 20), The 
latter also cause some infections in adults, e.g. in 
persons travelling abroad and encountering an entero- 
toxigenic strain of E. coli of a serotype not previously 
encountered at home (traveller’s diarrhoea). 

Various exotic intestinal pathogens may be ac- 

quired by persons travelling abroad and cause 
diarrhoeal illness soon after the traveller has returned 
by air. These pathogens include Vibrio cholerae, 
Shigella dysenteriae, Shigella boydu, Salmonella para- 
typhi A and Entamoeba histolynca. Physicians should 
be advised always to inform the laboratory about 
any recent foreign travel by the patient so that the 
microbiologist is warned to perform the special ex- 
aminations required for demonstration of the exotic 
pathogens. : 
In patients treated with antibiotics, e.g. for 
prophylaxis during intestinal surgery, severe entero- 
colitis or pseudomembranous colitis may be caused 
by Clostridium difficile. Milder, simple diarrhoea often 
follows prolonged treatment with any of a variety of 
antibiotics which deranges the bowel flora and pre- 
disposes to superinfection with various drug-resistant 
bacteria or Candida albicans. 

Particularly in childhood, diarrhoea may be caused 
by infections elsewhere than in the gastrointestinal 
tract, e.g. by respiratory, urinary and septicaemia 
infections, and patients with diarrhoea may have 
non-infective conditions such as food allergies or in- 
flammatory bowel disease (ulcerative colitis, Crohn’s 
disease, etc.). 


Collection of specimens 


Whenever possible, a specimen of faeces should be 
obtained. A rectal swab is unsatisfactory unless it is 
heavily charged and visibly stained with faeces col- 
lected from the rectum (not anus) or directly from 
toilet paper. If enteric fever is suspected, a specimen 
of venous blood should be collected for blood cul- 
ture. If food-poisoning is suspected because a cluster 
of cases is related to the eating of a common food- 
stuff, a sample of the suspect food should be collected 
(Ch. 51). For serological examinations, paired acute 
and convalescent samples of clotted blood should 
be collected at an interval of about 10 days in sus- 
pected enteric fever and 2-4 weeks in suspected viral 
infection. 

Faeces. The specimen may be collected from 
faeces passed into a clean bedpan, unmixed with 


urine or disinfectant, or from the surface of heavily 
soiled toilet paper. The container is a 25 ml screw- 
capped, wide-mouthed glass or plastic bottle, pre- 
ferably with a spoon projecting from the underside 
of the cap. Collect 1-2 ml of faeces on the spoon and 
insert it, carried on the spoon, into the bottle. ‘Take 
care not to soil the rim or outside of the bottle. Apply 
the cap tightly. Do not collect several spoonfuls or 
attempt to fill the container. Transmit the specimen 
quickly to the laboratory. If delay is unavoidable, 
and particularly when the weather is warm, collect 
the faeces in a container holding about 6 ml buffered 
glycerol saline transport medium. 


Microscopy 


The faecal sample should first be inspected with 
the naked eye for its consistency, whether formed 
or fluid, the presence of mucus, pus and blood, 
indicative of severe dysentery, and the presence of 
helminths, 

Usually a faeces sample is not examined micro- 
scopically unless the clinical particulars or failure 
to demonstrate an alternative pathogen suggests that 
the patient’s illness may be due to amoebiasis, giar- 
diasis, balantidiosis, cryptosporidiosis or helminthi- 
asis, but if sufficient staff is available, all specimens 
should be examined microscopically. Methods are 
described in detail in the relevant chapters of this 
book. In general, a wet film of a concentrate of the 
faeces should be examined for protozoa, protozoal 
cysts and helminth ova, and a stained film for the 
oocysts of cryptosporidium. An adhesive, Sellotape- 
tipped swab should be applied to the perianal skin 
and examined microscopically for threadworm 
(enterobius) ova. 


Culture for bacterial pathogens 


In Britain it is generally sufficient to culture for 
campylobacters, salmonellas and shigellas, and to 
search for other pathogens only when the clinical 
features or epidemiological circumstances suggest 
the need to so so, e.g. in infantile or post-antibiotic 
diarrhoea, in suspected outbreaks of food-poisoning, 
when the patient has recently returned from travel 
abroad, and when there has been failure to isolate a 
common pathogen in a case of persistent diarrhoea. 

A faecal suspension should be prepared for ino- 
culation into the different media. Unless the sample 
is fluid, a portion of it should be suspended to give 
a 1-in-10 dilution in 2-3 ml of phosphate-buffered 
saline (pH 7.3) or 0.1% peptone water. 
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Campylobacter 


Consult Chapter 24 for guidance on selective culture 
and identification. | 


Salmonella and Shigella 


The wide choice of selective and enrichment media 
for these pathogens is described in Chapters 21 and 
22. 


Food-poisoning bacteria 


If the epidemiological circumstances suggest that 
the patient has been involved in an outbreak of food- 
poisoning and if the sample of faeces has been col- 
lected within 3 days of the start of illness, examine 
the sample for Clostridium perfringens, Staphylococcus 
aureus, Bacillus cereus and Vibrio parahaemolyticus as 
well as for campylobacter, salmonella and shigella. 
If possible also obtain a sample of the suspected 
foodstuff for culture (Ch. 51). 

Clostridium perfringens. Food-poisoning may be 
caused by either heat-sensitive strains (spores killed 
in 10 min at 80°C) or heat-resistant strains (spores 
survive for 10 min at 80—100°C); the resistant strains 
are more likely to be the cause of outbreaks due to 
well cooked foodstuffs as their spores are more likely 
to survive the cooking. The mere finding of the 
organism in the faeces, even if it is heat resistant, 
does not indicate that it has a causal role in the illness, 
for normal subjects commonly have 1000-10 000 
bacilli or spores of C. perfringens per gram of faeces. 
Culture should therefore be done by a semi-quantitative 
method, for faeces collected from patients at the 
height of the illness commonly contain 1 000 000 or 
more C. perfringens per gram and it is only the finding 
of such high counts that should be reported as 
probably significant (see Ch. 32). 

The demonstration that strains isolated in large 
numbers from several patients and the suspected 
food are of the same serotype provides stronger 
evidence of their causal role. 

It may also be helpful to examine the specimens 
of faeces for C. perfringens enterotoxin, for the finding 
of this toxin in significant amounts may confirm the 
diagnosis in an outbreak when the cultural results 
are equivocal. The examination for toxin may be 
made in a reference laboratory on faeces transmitted 
by post, but reversed passive latex agglutination kits 
are now available commercially for testing in the 
general clinical laboratory. 

Staphylococcus aureus. Plate out a few loopfuls of 
a 1-in-10 saline suspension of the faeces on plates 
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of blood agar, MacConkey agar and a selective 
medium, e.g. 6% NaCl nutrient agar, mannitol salt 
agar or phenolphthalein phosphate agar (Ch. 11) 
plus 1250 units polymyxin B/litre. Incubate aerobi- 
cally for 18-24 h at 37°C and examine for colonies 
of S. aureus. In an outbreak, send subcultures from 
each patient to a reference laboratory for phage 
typing and tests for enterotoxin production. 

S. aureus may often be isolated from the faeces of 
healthy persons, so that its isolation from the faeces 
of a patient with diarrhoea is not proof of a causal 
role. Identity of phage type among the isolates from 
several patients in an outbreak and from a specimen 
of suspected foodstuff is fair evidence that the out- 
break is due to staphylococcal food-poisoning. Some 
outbreaks, however, are caused by a foodstuff that 
has been heated, e.g. pasteurized, at a temperature 
sufficient to kill the staphylococci though insufficient 
to inactivate the more thermostable exterotoxin. In 
such cases the diagnosis requires the demonstration 
of staphylococcal enterotoxin in the faeces or food. 
Kits for the detection of staphylococcal enterotoxins 
A, B, C and D by reversed passive latex agglutination 
are available commercially. 

Bacillus cereus. Particularly when the outbreak 
is attributed to the eating of a rice dish, samples of 
food, faeces and vomitus should be investigated as 
detailed in Chapter 17. 

Vibrio parahaemolyticus. Particularly in outbreaks 
attributed to raw sea fish and shellfish, plate a 
few loopfuls of a 1l-in-10 suspension of faeces on 
thiosulphate citrate bile sucrose (TCBS) agar and 
proceed as described in Chapter 24. 


Infantile gastroenteritis 


Note that most cases appear to be caused by viruses, 
particularly rotaviruses (see Ch, 38). 


Escherichia coli and diarrhoeal disease 


This complex association is discussed in Chapter 


20, with notes on enterotoxigenic FE. coli (ETEC), 
enteroinvasive E. coli (BTEC) and enteropathogenic 
E. coli (EPEC). Procedures for the diagnosis 
of verocytotoxin-producing enterohaemorrhagic 
(WTEC/EHEC) strains are described. Culture and 
other tests for VTEC/EHEC strains such as E. coli 
O157 should be considered if there is microscopic 
or frank blood in the stools, and in patients with the 
haemolytic uraemic syndrome. 


Staphylococcal enterocolitis 


The actual existence of staphylococcal enterocolitis 





‘ey 


2 ae 






is challenged now that C. difficile colitis is recognized 
(Tabaqchali & Jumaa 1995). 


Clostridium difficile 


Always examine for this organism in cases in which 
pseudomembranous colitis is suspected, e.g. where 
there is severe, often blood-stained diarrhoea and 
toxaemia in a patient who has been receiving anti- 
biotics, especially clindamycin or lincomycin.. The 
condition poses an immediate danger to life and 
treatment with an effective antibiotic, e.g. oral vanco- 
mycin or metronidazole, is urgently required. The 
clostridium is also present in many cases of milder 
antibiotic-associated diarrhoea and should be sought 
when other pathogens are absent or, as recom- 
mended by Brettle & Wallace ( 1984), routinely in 
all cases of diarrhoea. The procedures given in detail 
in Chapter 32 should be followed, and see also 
Tabaqchali & Jumaa (1995). 


Vibrio cholerae 


This important pathogen is not indigenous in most 
countries, but its presence should be sought in 
patients suffering from diarrhoea just after returning 
by air from a country in which cholera is. Known to 
be present. 


Aeromonas hydrophila 


This organism can cause severe gastroenteritis, 
though in most areas the number of reported cases 
is small. It may grow on MacConkey, deoxycholate 
and other enteric agars, some strains fermenting 
lactose and others not, but if it is to be sought a 
selective agar such as sheep blood agar with 15 mg 
ampicillin/litre should be used (Agger et al 1985). 
Incubate cultures on the latter medium for 24-48 h 
at 37°C, flood the plate with 1% sodium dimethyl-p- 
phenylenediamine monohydrochloride (oxidase rea- 
gent) and recognize the aeromonas colonies by their 
purple-black colour and surrounding narrow zone of 
haemolysis. Pick quickly to subculture for identifying 
tests (Ch. 24). 


Plesiomonas shigelloides 


This organism causes a few cases of diarrhoea in 
many countries. It may be detected by its growth on 
MacConkey and DCA media, usually as pale, but 
sometimes pink colonies, which may be distinguished 
from those of shigella and E. coli by their oxidase- 
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positive reaction, and identified as described in 
Chapter 24. 


Yersinia enterocolitica 


This organism sometimes causes simple gastro- 
enteritis in Britain, Also examine faeces for it in cases 
of suspected mesenteric lymphadenitis and consider 
relevant serological investigation (Ch. 28). It may 
sometimes be isolated in blood cultures incubated 
at 22-25°C. 


Reporting 


Consider carefully whether antibiotic sensitivities 
should be reported to the physician along with the 
finding of a particular pathogen. In simple diarrhoea 
due to Salmonella enteritidis or other animal-derived 
salmonella, Shigella sonnei, Shigella flexneri or entero- 
pathogenic Escherichia coh, treatment with anti- 
biotics is rarely beneficial and may be harmful in 
prolonging the illness and the duration of carriage 
of the pathogen. A report of the finding of such a 
pathogen with its sensitivities may suggest to an ill- 
informed physician that antibiotic treatment should 
be given. A note of the sensitivity results should of 
course be kept in the laboratory and if the physician 
enquires about them, the circumstances in which 
antibiotic therapy may be beneficial rather than 
harmful may be discussed. Antibiotic treatment will 
be positively required for enteric fever and may be 
indicated when there is evidence of invasiveness 
(e.g. septicaemia) with other gut pathogens, or severe 
dysentery. 

Whilst a diagnosis of enterocolitis due to Clostridtum 
difficile is a signal to stop amy current antibiouc 
therapy and will demand urgent treatment with, e.g. 
oral metronidazole or vancomycin, the significance 
of finding this organism in cases of simple diarrhoea 
in persons who have not been treated with antibiotics 
is unclear. C. difficile is found in the faeces of many 
healthy infants and is unlikely to be the cause of 
diarrhoea in children under 2 years old. Such cases 
should not be treated with antibiotics. 

Negative findings should be reported in terms only 
of the organisms that were sought and not found, €.g. 
‘No campylobacter, salmonella or shigella isolated’, 
and not in general terms, e.g. ‘No pathogens found’, 
for the latter type of report may suggest that examina- 
tions were made for all possible kinds of pathogens, 
including viruses, protozoa, fungi and helminths. 

Any isolation of an infectious enteric pathogen 
should be notified at once to the local public health 
authority to prompt the investigation of outbreaks 
and the institution of preventive measures. 
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10. HEPATIC INFECTIONS _ 


Acute hepatitis is most commonly the result of virus 
infection; hepatitis A, B, C, D and E are possible 
agents with A, B and C being the most prevalent 
(see Chs 9, 10, 38, 39). Hepatitis also occurs during 
EB virus infection, rarely as a result of herpes simplex 
infection and during cytomegalovirus and rubella 
virus infections, and regularly in yellow fever. 

Infections with leptospirae and Coxiella burnetii 
are associated with abnormal liver function tests (see 
Chs 34, 35) although the aminotransferase levels 
are lower than those with the hepatitis viruses. Frank 
jaundice is less common. 

The liver may be involved in septicaemia and in 
infections caused by parasites such as Entamoeba 
histolytica (see Ch. 42). 
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11. URINARY TRACT INFECTIONS 


A sample of urine from a patient with a suspected 
urinary tract infection is the most common type of 
specimen received by most clinical microbiological 
laboratories. The schedule for routine examination 
should therefore be carefully determined with a view 
to obtaining the necessary diagnostic information 
with the greatest possible economy of labour and 
resources. 

The examinations generally made are the micro- 
scopical examination of a wet film of uncentrifuged 
urine to determine whether polymorphs (‘pus cells’) 
are present in numbers indicative of infection in the 
urinary tract, and the semi-quantitative culture of the 
urine to determine whether it contains a potentially 
pathogenic bacterium in numbers sufficient to iden- 
tify it as the causal infecting organism (‘significant 
bacteriuria’). 

The chemotherapy of a proven infection may be 
guided by in-vitro sensitivity tests on the pathogen 
isolated in culture and the outcome of therapy as- 
sessed by examination of the urine at the conclusion 
of treatment. Follow-up examination of patients who 
have had urinary tract infection is advisable because 
a relapse may be clinically silent. 

The common symptoms of urinary tract infection 
are urgency and frequency of micturition, with asso- 
ciated discomfort or pain. The commonest condi- 
tion is cystitis, due to infection of the bladder with 
a uropathogenic bacterium, which most frequently 
is Escherichia coli but sometimes Staphylococcus 
saprophyticus or, especially in hospital-acquired infec- 
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nons, Klebsiella spp, Proteus mirabilis, other coliforms, 
Pseudomonas aeruginosa or Enterococcus faecalis. Can- 
dida infection may occur in diabetic and immuno- 
compromised patients. Rarer infecting organisms 
include Streptococcus agalactiae, Streptococcus milleri, 
other streptococci, anaerobic streptococci and 
Gardnerella vaginalis (Collins et al 1986). There has 
been much debate on the significance of so-called 
fastidious organisms in urinary tract infection. The 
argument for the role of these organisms is presented 
by Maskell (1986) and an opposing case is made by 
Hamilton-Miller et al (1986). ) 

More serious bacterial infections are acute pyelitis 
and pyelonephritis, in which the symptoms usually 
include loin pain and fever and which may be accom- 
panied by a bacteraemia detectable by blood culture. 
The causative organism may be any of those that 
cause cystitis, but Staphylococcus aureus is responsible 
for some of the cases. 

Patients with signs or symptoms of urinary tract 
infection sometimes produce samples of urine that 
show pus cells but do not yield a significant growth 
of bacteria on routine culture. The explanation may 
be that the patient has been taking antibiotics pre- 
scribed on a previous occasion. Alternatively, there 
tay be an infection with an organism that does not 
grow on the media normally used for routine investi- 
gations. In such cases it is important to consider 


genitourinary tuberculosis (Ch. 18) or gonococcal | 


infection (Ch. 14), and infection with nutritional!- 
exacting or anaerobic bacteria (Collins et al 1986). 
But many patients with frequency and dysuria donot 
have a bacterial infection of the bladder, nor signifi- 
cant numbers of bacteria in their urine (abacterial 
pyuria). Their condition is known as non-bacterial 
urethritis or cystitis, or the urethral syndrome, the 
cause of which may be urethral or bladder infection 
with a chlamydia, ureaplasma, trichomonas or virus, 
which often remains unrecognized (Stamm et al 
1980). 


Screening out negatives 


About 70-80% of the urine specimens reccived in a 
clinical laboratory are found on full microscopical 
and cultural examinations to be free fram evidence 
of infection in the urinary tract. Much labour can 
therefore be saved by the application of a simple 
and rapid preliminary screening test that will reliably 
identify these ‘normal’ specimens and permit their 
being reported as showing ‘no evidence of infection’ 
without the need for the further, full examinations. 
Various chemical and automated methods have been 
tried for the detection of the negative specimens, but 
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none has yet been generally accepted as sufficiently 
reliable for its purpose. It has been reported by Lowe 
(1986) that the finding of negative results in all of 
three chemical tests, for nitrite, blood and protein, 
performed by a rapid automated dipstrip method 
(N-Labstix, Ames), predicts the absence of bacteriuria 
in about half of the culture-negative specimens, 
which may then be discarded. 


Significant bacteriuria 


The specimen most easily and therefore most 
commonly collected. is mid-stream urine (MSU). 
Although the greater part of the urinary tract is 
devoid of a commensal flora and bladder urine m an 
uninfected person is free from bacteria, a specimen of 
spontaneously voided urine is apt to be contaminated 
with some commensal bacteria from the urethral 
orifice and perineum, particularly in females, even 
when the most careful precautions are taken to 
prevent such contamination. As these contaminating 
commensals include the very bacteria, such as E. coli 
and S. saprophyticus, which are the commonest or- 
ganisms to infect the urinary tract, the simple demon- 
stration that bacteria of one of these species are 
present in the sample of urine is not proof that it has 
been derived from an infection in the urinary tract. 

Proof of a urinary tract infection requires the 
demonstration that the potential pathogen is present 
in freshly voided urine in numbers greater than those 
likely to result from contamination from the urethral 
meatus and its environs. The observations of Kass 
(1957) suggested that this number, taken to indicate 
significant bacteriuria, is about 100 000/mil. In true 
infections, in the absence of prior chemotherapy, the 
number of the infecting bacteria is likely to be at 
least as great as this. Accordingly, a quantitative 
method of culture is adopted to estimate the number 
of viable bacteria in the specimen. 

When properly collected specimens of urine are 
examined, contamination accounts for less than 10° 
organisms/ml and usually for less than 10°*/ml. Counts 
due to contamination are variable and the colonies 
often of diverse species. Specimens from urinary 
tract infections almost always contain more than 10* 
organisms/ml, usually more than 10°/ml and often 
up to 10°/ml. These high counts, which are fairly 
constant in serial specimens from the same patient, 
reflect bacterial multiplication in the urine 7m vivo and 
are accepted as indicating significant bacteriuria. The 
growth obtained in such cases usually represents a 
single infecting species, though some infections with 
two species, e.g. Escherichia coli and Enterococcus 
faecalis, are encountered. 


Significant bacteriuria (count >10°/ml in a care- 
fully taken and promptly examined sample) may 
sometimes occur in the absence of symptoms and 
pyuria in patients who subsequently develop symp- 
toms of urinary tract infection, e.g. In pregnancy. 
The detection of such asymptomatic bacteriuria is 
of value, for there is good evidence of its association 
with the development of pyelonephritis in some 
patients. 

A rigid adherence to the above guidelines should 
be avoided and the culture counts should be inter- 
preted in relation to the clinical information about 
the patient (Maskell 1982). Thus a few specimens 
from symptomatic patients with a true infection may 
contain as few as 10° viable bacteria/m] and if the 
occurrence of contamination can be shown to be 
minimal, their sensitivities should be tested and their 
presence reported as probably or possibly significant. 
Indications that the scanty bacteria are not merely 
contaminants are: (1) the observation that all or 
almost all the colonies grown from the specimen are 
of the same species and type, for contaminants are 
generally of mixed species, and (2) the finding on 
microscopy of the presence of pus cells but the 
absence of squamous epithelial cells, which would be 
indicative of contamination from the perineum and 
vagina. 

When, moreover, the specimen has been collected 
from the bladder by suprapubic aspiration (see 
below) or a freshly inserted urethral catheter, the 
absence of contamination may be assumed and the 
presence of even small numbers of bacteria must 
be regarded as significant. 


Specimen collection 


Specimens of urine are generally collected in plastic 
universal containers, but mid-stream specimens from 
females are more conveniently collected in a wide- 
mouthed container such as a 12 oz (350 ml) glass jar 
or a sterile waxed cardboard container. 

From male patients, a mid-stream specimen of urine 
(MSU, the middle of the urine flow) is collected. 
From females, in whom it is more difficult to avoid 
contamination with organisms from the ano-genital 
region, a catheter specimen of urine (CSU) was com- 
monly collected in the past, but catheterization for 
this purpose is no longer considered justifiable 
because it carries a 2—6% risk of introducing and 
initiating infection. A CSU is nowadays taken only 
if there are special indications for its requirement 
or in the course of a cystoscopic investigation. 
Routinely, therefore, MSU samples are now sub- 
mitted from women and when carefully taken these 


85 


4 PRACTICAL MEDICAL MICROBIOLOGY 





compare favourably with catheter specimens. The 
female patient passes urine with the labia sepa- 
rated and the middle of the stream is collected for 
examination. ! 

The collection of a clean specimen of urine from 
children and young infants poses problems: Collec- 
tion in a bag held with adhesive type over the genitalia 
inevitably yields a contaminated, and generally a 
heavily contaminated, specimen. However, a ‘nega- 
tive’ finding, when occasionally obtained, may be 
of value. Otherwise, urine may be aspirated from the 
bladder into a syringe with a needle introduced asep- 
tically through the skin and abdominal wall just 
above the pubis (suprapubic stab). There are under- 
standable reservations about subjecting a child to 
catheterization or suprapubic aspiration, but the 
importance of getting a reliable specimen sometimes 
outweighs these considerations (Maskell 1982). 

A non-invasive method of stimulating urine flow 
in a baby is by tapping just above the pubis with two 
fingers at 1 h after a feed: one tap/second is given for 
] min, an interval of 1 min is allowed, then tapping 
is resumed in this cycle. The’ method was described 
by Broomhall et al (1985) and has been favourably 
appraised by Taylor et al (1986). 

If tuberculosis of the urinary tract is suspected, 
the first urine passed in the day (early morning urine; 
EMU) 1s the most suitable specimen, Three com- 
plete EMUs should be sent to the laboratory, where 
they are centrifuged and their deposits examined 
_ by microscopical and cultural tests (Ch. 18). The 
individual specimens should be refrigerated pending 
processing. 

In the investigation of urethritis and prostatitis, 
the initial flow of urine, rather than a mid-stream 
specimen, should be examined. 

Transport of specimen. Once collected, a specimen 
of urine must be transported to the laboratory with- 
out delay, for urine is an excellent culture medium 
and contaminating bacteria can readily multiply to 
reach apparently significant numbers. If a delay of 
more than 1-2 h ts unavoidable, the multiplication 
of bacteria in the urine should be prevented by 
storage in a refrigerator at 4°C, or by transport in 
some form of refrigerated container, or by collection 
and transport in a container with boric acid at a 
final, bacteriostatic concentration of 1.8% (Porter & 
Brodie 1969). When samples of urine not so treated 
are delayed more than 5 h in transit to the laboratory, 
the doctor should be informed and the samples 
discarded, for positive findings may be misleading. 
Sampling and transport on a dip-slide (see below) 
avoids the difficulty of bacterial multiplication before 
quantitative culture, but does not provide for micro- 
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scopical examination of the cellular content of the 
urine, 


Microscopy of urine 


Microscopical examination of urine is done princi- 
pally to detect the presence of increased numbers of 
polymorphs (pyuria) as an indication of infection 
in the urimary tract when culture may fail to show 
significant bacteriuria, either because bacteria are 
being killed as a result of antibiotic therapy or 
because the infecting organism is one that is unable to 
grow on the routinely used media, e.g. the tubercle 
bacillus, a nutritionally exacting or anaerobic bacte- 
rium, a chlamydia or a ureaplasma. Such a finding 
of sterile, or abacterial, pyuria serves as an indication 
that further, special methods of examination should 
be used to detect the pathogen. 

Microscopical examination is laborious, however, 


and may yield misleading results if performed curso- - 


rily by insufficiently experienced staff. Some bacteri- 
ologists, therefore, do not offer it as a routine, e.g. 
where routine screening examinations are made on 
dip-slides. Instead, they reserve it as a special investi- 
gation in selected cases, as when examining repeat 
specimens from patients with urinary tract symptoms 
persisting after the failure of an initial culture to 
demonstrate significant bacteriuria, in suspected 
pyelonephritis or renal tuberculosis, and in cases 
where information is urgently required to differen- 
tiate a urinary tract infection from appendicitis or 
some other abdominal condition requiring imme- 
diate surgery. It is not unreasonable to omit micro- 
scopy and rely on culture for examination of the 
very numerous specimens of urine submitted from 
general practice or out-patient clinics from patients 
with symptoms of simple cystitis or urethral syndrome 
and those undergoing routine or geriatric or ante- 
natal assessment. If this is the policy, the clinician 
must ensure that the specimen is properly taken 
before antimicrobial treatment and submit infor- 
mation about any previous therapy. 

In the past, the microscopical examination was 
commonly done on a wet film-or Gram-stained film 
of deposit centrifuged from the urine, as the con- 
centration by centrifugation made it easier to detect 
scanty bacteria or cells. Nowadays centrifugation is 
not recommended, for the presence of scanty bacte- 
ria or polymorphs is unlikely to be significant; the 
procedure is laborious, and unless it is done in such 
a way as to give a standard degree of concentration, 
e.g. x 10 or x 20, a sufficiently reliable estimate of 
the number of polymorphs cannot be made. 

Some polymorphs are usually present in the urine 





of healthy, uninfected persons, and it is only if their 
number is clearly greater than the normal values 
that the finding of ‘pus cells’ is indicative of urinary 
tract infection. The normal excretion of leucocytes 
in the urine varies from only very few up to about 
10°/24 h, and at times up to a few thousand may be 
present per ml of uncentrifuged urine. Generally it is 
accepted that the leucocytes should be found in num- 
bers at least as great as 10*/ml before the presence 
of pyuria is suggested. Thus the microscopical exami- 
nation must be done in such a way as to provide a 
reliable estimate of the leucocyte numbers. 

Wet film examination. A leucocyte count sufficiently 
accurate for general purposes may be obtained from 
examination of a wet film of uncentrifuged urine, 
provided that the area of the microscope field is 
known and the depth of the film is standardized. 
The film is usually observed with the high power 
(x 40) dry objective of the microscope and the area 
of the. high power field (HPF) so observed may be 
calculated from its diameter as measured by the use 
of a slide micrometer. Thus if the field diameter 1s 
0.44 mm, the area of the HPF is 0.15 mm’. 

The depth of the wet film depends primarily on 
the volume of the drop of urine placed on the micro- 
scope slide and the area of the cover-slip applied to 
it. Mix the urine sample carefully and then transfer 
0.05 ml on to the middle of a microscope slide. At 
once apply a cover-slip 22 x 22 mm in dimensions, 
avoiding trapped bubbles. The film should show a 
small excess of fluid along the edges of the cover-slip 
and then be about 0.1 mm in depth. If,the area of 
the HPF is 0.15 mm”, the volume of urine observed 
in an HPE will be about 0.015 mm’. Under these 
conditions the finding of 1 leucocyte per 7 high power 
fields corresponds with 10* leucocytes per ml and the 
finding of clearly larger numbers than this indicates 
significant pyuria. 

‘Two sources of error in leucocyte counts have to 
be avoided. In cases of pyelonephritis or other 
kidney disease, care must be taken to avoid confusing 
tubular epithelial cells with leucocytes. In women, 
contamination from the vagina may introduce large 
numbers of leucocytes into a sample of voided urine; 
the presence of squamous epithelial cells along 
with pus cells in the sample is evidence that such con- 
tamination has taken place and the ieucocyte count 
is then invalidated. 

There is little value in microscopical examination 
of the wet film for bacteria. It may be difficult to 
recognize bacteria amid amorphous urate particles 
and it is scarcely possible to distinguish whether 
bacteria present in significant numbers consist of 
a single infecting species or a mixture of faecal or 
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vaginal contaminants. Contamination from the va- 
gina may lead to the presence of large numbers of 
lactobacilli which will not grow on the media used. 
routinely for culture. If in cases where pyuria has 
been recognized an indication of the type of infecting 
bacterium is urgently required, a Gram film of cen- 
trifuged deposit may be examined, but the findings 
must be interpreted with caution. 
Apart from the presence of leucocytes and bacteria 
in the wet film, note should be taken of the presence 
of squamous or tubular epithelial cells, tubular 
casts, red blood cells and crystals, which may have 
diagnostic significance in non-infective conditions. 
Rant-Shepherd method. If the policy in a labora- 
tory is to subject all specimens of urine to micro- 
scopical examination, there are great advantages in 


_ the use of a method that economizes in labour by 


obviating the need to prepare separate wet films of 
the correct depth for each specimen. The following 
method devised by Mr] D Rant and Dr W Shepherd, 
PHLS Microbiology Laboratory, Norwich, UK, can 
be recommended (Maskell 1982). It requires the 
use of an inverted binocular microscope with a 
mechanical stage and clear plastic microtitre trays 
with flat-bottomed wells. The rigid polystyrene trays 
M29A with 96 numbered flat wells 8 mm in diameter 
supplied by Sterilin are suitable. Mix the uncentri- 
fuged sample of urine and with an automatic pipette 
bearing a disposable single-use tip deliver a 60 pl 
volume of it into one of the wells. Deliver’ similar 
volumes of other samples up to 95 in number into 
the other wells in the tray. Register the location of 
each specimen on the tray on a guide sheet and use a 
microscopy guide system to ensure that when each 
specimen is observed it 1s correctly identified. Place 
the charged tray on the stage of the inverted micro- 
scope and leave it to stand for a few minutes until 
the cells in the small volumes of urine have settled on 
to the flat bottoms of the wells. Then observe micro- 
scopically each well in turn and record the number 
of polymorphs per field. From a knowledge of the 
area of the field and the depth of urine in the well the 
number of polymorphs per ml urine can be estimated 
(in an 8 mm diameter circular flat-bottommed well 
a 60 1) volume makes a Jayer 1-2 mm deep). This 
approach has been incorporated in a semi-automated 
procedure described by Henrichsen & Moyes (1987) 
for processing urine samples. 


Semi-quantitative culture 


‘To count the viable bacteria in urine by an accurate 
method such as the pour-plate or Miles & Misra 
method is too laborious for routine use. Quicker, 
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semi-quantitative methods are used instead. The 
common urinary pathogens grow well on simple and 
selective media within 24 h of aerobic incubation at 
37°C. Nutrient agar, blood agar, MacConkey agar 
(Ch. 5) and CLED agar (Ch. 20, Merhods) are the 
media most often used and laboratories generally 
limit the range to only one or two of these. CLED and 
MacConkey media have the advantages of distin- 
guishing lactose- from non-lactose-fermenters and 
of inhibiting proteus from swarming, and as CLED is 
the less inhibitory to Staphylococcus saprophyticus, its 
use is most strongly recommended. Blood agar has 
the advantage of promoting the growth of nutrition- 
ally exacting strains, which may additionally require 
incubation for up to 48h in air with added 5—10% 
CO, (e.g. see Collins-et al 1986), but these and 
anaerobic pathogens are relatively uncomnion in 
urinary tract infections and their culture should be 


_ attempted only in cases of pyuria from which signifi- 


cant numbers of a commoner pathogen have not 
been grown on the routine media. 


Standard loop method 


An inoculating loop of standard dimensions is used 
to take up a small, approximately fixed and known 
volume of mixed uncentrifuged urine and spread 
it over a plate of agar culture medium. The plate 
is incubated, the number of colonies counted or 
estimated, and this number used to calculate the 
number of viable bacteria per ml of urine. Thus, if 
a 0.004 ml loopful of urine yields 400 colonies, 
the count per ml will be 10°, or just indicative of 
significant bacteriuria. 

If nichrome or platinum wire of SWG 28 is used 
to make a circular loop of 3.26 mm internal diameter, 
it will hold a drop of water or urine of 0.004 ml 
volume when withdrawn slowly and vertically from 
the liquid so as to produce a “flat-sided drop’. It is, 
however, much simpler to purchase standard, ready 
made sterile disposable (single-use) plastic loops 
that will hold a fixed volume in the range 0.001- 
0.01 ml. When loops holding 0.004 ml or more are 
used and the foopful is spread uniformly over the 
whole of a plate, colonies may be so numerous as 
to be confluent and there may be no single, separate 
colonies available for picking and the preparation of 
pure subcultures. Accordingly, it is usual to spread 
these larger loopfuls over only a sector of the plate 
and streak out from that sector over other sectors 
to ensure the production of separate colonies. The 
approximate number of viable bacteria may then be 
estimated from the number of colonies on the plate 
or the weight of confluent or semiconfluent growth 
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on the different sectors according to a prearranged 
scheme (McGeachie & Kennedy 1963). 

A better method, however, is to use a smaller 
standard loopful and spread it over the whole of a 
plate with an automatic spreading device. A sterile 
single-use plastic loop holding 0.001 ml (e.g. as 
supplied by Elkay or Technical Services) should be 
used to take up 0.001 ml of mixed uncentrifuged 
urine and spread it in a diametrical stroke across the 
middle of a culture plate. The plate may then be 
spread automatically over its whole surface in a self- 
sterilizing Autospreader (Denley). The growth of 
100 colonies by this method indicates the presence of 
10° bacteria/m! of urine. If a non-selective nutrient 
agar or blood agar is used in the plate, the same loop 
should be streaked out on MacConkey or CLED agar 
lest a swarming proteus is present. 


Filter paper method 


This method of semi-quantitative culture (Leigh & 
Williams 1964) is rapid and very economical in the 
use of culture medium, but growths are often conflu- 
ent and, if mixed, require to be plated out to obtain 
pure subcultures for identifying and sensitivity tests. 
A standard 6mm wide strip of absorbent fluffless 
blotting or filter paper is bent into an L shape with 
a 12mm long foot (area 12 x 6 mm) and sterilized 
at 160°C for 1 h. Dip the whole of the angulated end 
and foot into the mixed uncentrifuged sample of 
urine, withdraw it and wait a few seconds to allow 
all the excess fluid to be absorbed into the Paper. 
Then press the foot on to the surface of a marked 
section of a well dried plate of agar culture medium, 
ensuring that the whole area of the foot makes con- 
tact with the medium. Remove the strip and discard 
it into disinfectant. Up to 8 or 10 samples can be 
tested in duplicate on different areas of a 9 cm plate, 
Incubate the plate and afterwards count the colonies 
growing on the impression area. Up to 50 colonies 
may be countable and heavier growths are noted as 
being semi-confluent (+) or confluent (++). 

Estimate the number of viable bacteria per ml of 
urine from the count of colonies on the impression 
area or the pattern of semi-confluent or confluent 
growth. Very approximately, the value of 10° 
bacteria/ml corresponds to a count of 25 colonies of 
bacilli or 30 colonies of cocci. As however, the poros- 
ity and adsorptive power of the papers obtained from 
different manufacturers often vary, calibration curves 
should be prepared from impression counts made 
in preliminary tests on diluted broth cultures for 
which viable counts are made in parallel by the Miles 
& Misra method. 
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Dip-slide method 


The method of semi-quantitative culture on dip-slides 
or dip-spoons is the least laborious for the laboratory 
and as the medium is seeded with urine immediately 
it has been passed, obviates the difficulty of having 
to prevent bacterial multiplication during transport 
to the laboratory. It is specially convenient for the 
routine screening of large numbers of patients, e.g. in 
ante-natal or geriatric assessments, and for use in 
clinics and practices remote from the laboratory. Its 
disadvantages are that it does not provide material 
for microscopical examination for the cellular con- 
tent of the urine and that when the bacterial count is 
high and the growth on the dip-slide confluent, it is 
difficult to judge whether the growth is pure or mixed 
and to obtain an unmixed inoculum for identifying 
and sensitivity tests. 

The dip-slide is a small plastic tray carrying a layer 
of an appropriate agar culture medium. Opposite 
sides of the tray may carry different media, e.g. 
CLED agar medium on one side and MacConkey, 
brain heart infusion or pseudomonas selective agar 
on the other. The slide is supplied in a universal-type 
container, being held on a stalk fastened rigidly to 
the inside of the screw-cap of the container. Such 
outfits are available commercially (e.g. from Difco, 
Gibco, Oxoid and Roche). 

A mid-stream specimen of urine is collected in a 
clean container. The cap of the dip-slide container is 
unscrewed and held while the dip-slide is withdrawn 
from the container and briefly immersed in the 
urine. On its removal, the excess urine is drained off 
the bottom of the slide by contact with the wall of 
the urine vessel and the device is then returned into 
its container and the cap screwed on tightly. Alter- 
natively the patient may be instructed to grasp the 
dip-slide by the cap and hold it in such a way as to 
immerse the agar tray in the stream of urine while 
the mid portion is being passed; then to shake off the 
excess urine and replace the device in its container. 

The charged dip-slide in its sealed container 1s 
sent to the laboratory, the duration and temperature 
of transport not being critical. It is then incubated 
at 37°C overnight and examined for a growth of 
colonies. (Prolonged culture at 15—18°C often gives 
comparable results to those obtained by incubation 
overnight at 37°C.) 

Where urine samples are collected in a clinic with 
the facility for incubation at 37°C, the dip-slide 
can be incubated there and examined next day by a 
doctor or nurse who has been familiarized with the 
appearances of growths. The clinician then gets an 
early indication of the results and as only the minority 


of dip-slides that show significant growth need be 
sent to the laboratory for identification and sensitivity 
tests, the laboratory is spared from undertaking 
the large amount of clerical work required for the 
reception and reporting of the negative specimens. 

The count of viable bacteria in the urine is esti- 
mated approximately from the number of colonies 
or the pattern of semi-confluent or confluent growth 
seen on the medium on the dip-slide. Commercial 
suppliers of dip-slides provide charts showing repre- 
sentative numbers and patterns by comparison with 
which the viable count can be read. Otherwise, 
charts may be prepared in the laboratory from. the 
findings in trials of the dip-slides with diluted broth 
cultures on which viable counts are obtained by the 
Miles & Misra method. 


identification and sensitivity tests 


If similar colonies are found in numbers suggesting 
significant bacteriuria, a separate colony or a portion 
of apparently pure growth should be subcultured 
for identification and testing of its sensitivity to 
antibiotics. The appearance of the primary growth 
on CLED or MacConkey medium will suggest the 
kind of organism that is present. How much more 
precisely it should be identified is a matter for 
consideration, Probably coliform bacilli should be dif- 
ferentiated into E. coli, klebsiella, proteus, pseudo- 
monas and other ‘coliforms’; S. saprophyticus and 
S. aureus should be distinguished from other staphy- 
lococci, and enterococci should be distinguished 
from other streptococci. Detailed characterization 
and typing of isolates may be done in epidemiological 
studies of cross-infection and in cases where it is 
important to distinguish between reinfection of a 
patient with a new strain and relapse of infection with 
a strain that was formerly present. 

Antibiotic sensitivity tests are best done with an 
appropriately diluted inoculum of a pure subculture 
(Ch. 8), but if prior microscopy has indicated that 
infection may be present, primary sensitivity tests 
may be set up at the same time as the initial culture by 
flood-inoculating the urine on to a suitable medium, 
drying the surface and applying sensitivity test 
disks. The semi-automated method described by 
Henrichsen & Moyes (1987) exploits a muiti-point 
inoculator and combines.the advantages of primary 
sensitivity tests with those of a simple identification 
system. | 

As antibiotics are concentrated in urine to higher 
levels than are found in the tissues, high-content 
test discs should be used (Ch. 8). If the patient is 
attending a general practice or out-patient clinic, 
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drugs suitable for oral administration should be 
tested, e.g. amoxycillin or ampicillin (25 pg disc), 
cephalexin (30 jg), nalidixic acid (30 pg), ciprofloxacin 
er norfloxacin (5 jig), nitrofurantoin (50 uz), and 
trimethoprim (2.5 ug). Tests with discs containing 
amoxycillin (20 1g) with clavulanate (10 ig) marketed 
as CO-amoxiclav (30 ig) may be done as a routine on 
a separate plate with a f-lactamase producing strain 
of E. coli as control organism, but results should not 
be issued unless resistance to ampicillin/amoxycillin 
alone is encountered, Tests with discs containing 
trimethoprim and sulphamethoxazole in combina- 
tion are not recommended; if an organism is resistant 
to trimethoprim alone, the use of cotrimoxezole 
would be i inappropriate. 

For patients in hospital, for whom parenteral therapy 


might be appropriate, sensitivities to cefuroxime 


(30 |g) and gentamicin (10 jig) should also be tested, 
and when resistant pseudomonas is present, sensitivity 
to drugs such as amikacin, netilmicin, piperacillin 
and ceftazidime, may be tested. 

It is generally of little value to identify the species 
in the mixed cultures of faecal-type bacteria that are 
commonly obtained from patients with indwelling 
catheters. Antibiotics are of little use in the treatment 
of such infections. The findings may be reported 
as ‘many mixed bacteria’ and the patient’s bladder 
may be treated by irngation with a mild disinfectant 
such as Hibitane or Noxythiolin (without specific 
sensitivity testing). 


Detection of antibacterial activity in urine 


With a wet swab, inoculate Staphylococcus aureus 
NCTC6571 on to half of the surface of a plate of 
sensitivity test medium. Repeat this with Escherichia 
colt NCTC10418 on another plate. Allow both plates 
to dry and then add a drop of the test urine to each 
side of each plate. Incubate aerobically at 37°C. 
Any inhibition of the standard organisms indicates 
antibacterial activity. 
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The term PUO is generally applied to any febrile 
iliness lasting more than a few days, the cause of 
which is obscure due to the absence of obvious spe- 
cific or localizing signs and symptoms. In these con- 
ditions there is thus a special need for a laboratory 
diagnosis to guide the choice of appropriate therapy. 
About two-thirds of the more acute cases and one- 
third of the chronic cases are due to infections of 
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one kind or another and the remainder of cases are 


due to non-infective causes such as leukaemia, early 
carcinoma, collagen diseases, sarcoidosis, Crohn’s 
disease, autoimmune diseases and drug reactions. 

Many kinds of infections may present as PUO, 
including many common infections that in some 
patients fail to show their usual diagnostic features. 
They include: (1) urinary tract infections; (2) hung, 
subdiaphragmatic, appendix and other deep abscesses; 
(3) septicaemia as, for example, that associated with 
cryptic abscesses, pneumonia, pyelonephritis, biliary 
tract infection, infective endocarditis and immuno- 
deficiencies; (4) enteric fever, tuberculosis, brucellosis, 
syphilis, non-meningitic meningococcal infection, 
rheumatic fever, leptospirosis without jaundice or 
meningitis, Q fever and toxoplasmosis; (5) primary 
EBV, CMV and HIV infections, (6) rubella and 
other infectious fevers without their typical rashes; 
(7) malaria and, less frequently, leishmaniasis, 
trypanosomiasis and other. tropical infections in 
travellers returned from abroad, and (8) helminthic 
infestations. 

Special considerations that apply to immuno- 
compromised patients, including those with HIV 
infection and AIDS, are discussed at the end of this 
chapter, They are also relevant to the investigation 
of PUO. 

Very careful history taking is an essential pre- 
liminary to diagnosis. Enquiry must be made about 
foreign travel, occupation, contact with cases of 
infectious diseases and contact with animals. The 
physician must inform the microbiologist of any such 
relevant facts. 


Laboratory diagnosis of PUO 


The following procedures should be considered. 
Tests should first be done for the more likely infec- 
tions and then, if these are negative, tests for the less 
likely should be done. For fuller details, refer to the 
chapters dealing with the specific causal organisms. 


1. Blood culture should always be attempted. A 
first specimen should be collected before antibiotics 
are given, and several specimens collected on sepa- 
rate occasions should be examined before a negative 
result is accepted, 

2. Specimens of urine, throat secretion, sputum 
(if present) and faeces should be examined for the 
common pathogenic bacteria, and for protozoa, cysts 
and helminthic ova. 

3. Paired sera should be collected for serological 
tests for antibody responses to a range of possible 
pathogens, e.g. cytomegalovirus, hepatitis B virus, 
influenza virus, infectious mononucleosis virus, 
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chlamydia, coxiella, rickettsia, mycoplasma, salmo- 
nella, brucella, legionella, leptospira, borrelia, 
treponema, toxoplasma, aspergillus and other fungi, 
and entamoeba. HIV infection should also be con- 
sidered. The first specimen should be taken as early 
in the illness as possible and the second 2—4 weeks 
later. The antistreptolysin-O (ASO) test should be 
done for cryptic Streptococcus pyogenes infection. 

- 4, Haematological investigations should be done 
to detect leucocytosis, suggestive of a cryptic abscess; 
eosinophilia, suggestive of helminthiasis; and atypical 
lymphocytes, suggestive of infectious mononucleosis. 

5. A tuberculin test and a chest X-ray should be 
done to detect tuberculosis. 

6. Thick and thin blood films should be exsrdines 
for malaria, leishmaniasis, trypanosomiasis and filariasis 
in travellers returned from countries in which these 
infections are present. 
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13. INFECTIONS IN oa 
IMMUNOCOMPROMISED PATIENTS: 
OPPORTUNISTIC INFECTIONS 


Vigilance, awareness and professional cooperation 
are the keys to the management of this group of 
patients, but there are many problems. 

Note that malnutrition and lack of specific dietary 
factors may adversely affect immunity and that 
immunity is impaired at the extremes of age, with 
immaturity in infancy and immunosenescence in 
later life. 

Immunocompetence can be impaired in many 


different ways that render patients vulnerable to 


different types of infection. For example, a splenec- 
tomized patient is at special risk of overwhelming 
infection by the pneumococcus and other capsulate 
bacteria. The reported incidence after splenectomy 
varies from 0.9-6.9%, with a death rate that may 
exceed 50% (McMullin & Johnston 1993). On the 
other hand, invasive fungal infections among others 
are particularly associated with patients immuno- 
compromised by cancer therapy, bone-marrow and 
solid organ transplantation, or HIV infection (Denning 
& Mandal 1994), but the candidate pathogens 
include many viruses, bacteria and parasites. 
During pregnancy, a normal woman is not classi- 
cally immunodeficient, but the maternal immune 
response seems to be changed (Stirrat 1994). Al- 
though there is little evidence that pregnant women 
are more susceptible to infectious diseases (Hart 
1988), microbiologists and clinicians recognize that 
varicella pneumonia, poliomyelitis, falciparum ma- 


laria, listeria infection and Group A and Group B 
streptococcal infections merit special consideration 
in relation to pregnancy. Bear in mind that a preg- 
nant patient may be immunocompromised by a 
condition that is unrelated to pregnancy. 


Neutropenia 


Neutropenic patients are specially vulnerable to a 
range of bacterial infections. Whilst coliform bacteria 
and pseudomonas organisms are still respected 
pathogens in this group (causing septicaemia), the 
spectrum of opportunist infection has widened. 
Gram-positive bacteria are common isolates from 
blood cultures. Bacteroides and related non-sporing 
anaerobes may cause abscesses; clostridia may be 
associated with enterocolitis or septicaemia; and 
serious fungal infections may arise after prolonged 
periods of neutropenia. Reactivation of herpes sim- 
plex and varicella-zoster viruses are recognized com- 
plications. The complex considerations are reviewed 
by Rogers (1990). 


Other states in which immunocompetence is 
diminished 


Post-traumatic and post-operative reduction in immuno- 
competence. Patients in an Intensive Therapy Unit 
(ITU) or Intensive Care ward, recovering from 
accidental or surgical trauma, are temporarily at 
risk of severe infection. This is attributable to a range 
of factors that include impairment of local host 
defences and the translocation of transient or 
commensal flora into unprotected systems. Some- 
times there may be the added challenge, in accidental 
wounds or burns, or in soiled surgical wounds, of 
heavy contamination of tissues with potential patho- 
gens. Intravascular catheters, respirators and other 
apparatus add to the possible routes of challenge (see 
below). It is uncertain whether there is also specific 
inhibition of cell-mediated and humoral immunity 
which could play an important role (Zimmerli 1985). 

Congenital immunodeficiency. ‘This includes classical 
disorders that range from pure T-cell defects (e.g. 
the DiGeorge syndrome) to phagocytic defects (e.g. 
the Chediak-Higashi syndrome). The disorders and 
their associated infections are tabulated by Rogers 
(1990). 


immunodeficiency or impaired immune 
competence associated with certain 
diseases and/or their treatment 


Here we recognize the impaired immunity of patients 
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on long-term steroid therapy, the vulnerability of 
diabetic patients to infection, and the impaired 
defences of the chronic alcoholic and drug-abuser. 
Patients receiving organ transplants are immuno- 
suppressed by therapy to control] rejection, but they 
may suffer a graft-versus-host reaction and are 
therefore doubly vulnerable at critical stages in their 
progress when severe CMV infection may occur. 


HIV infections, AIDS 


The altered immunological competence caused by 
HIV is associated with a wide variety of clinically 
manifest infections. These include (1) oro-pharyngeal 
disease or oesophagitis caused by Candida albicans, 
herpes simplex virus (HSV) or cytomegalovirus 
(CMY); (2) hepatitis caused by HAV, HBV, HCV, 


‘-HDV, or CMV, or Epstein-Barr virus; (3) liver 


disease due to mycobacterial, cryptosporidial or 
Rochalimaea spp infection; (4) diarrhoeal disease 
caused by an extended range of microbial pathogens 
including cryptosporidia; (5) pneumonitis due to 
Pneumocystis carinti, Mycobacterium tuberculosis or the 
MAI complex, Cryptococcus neoformans, CMV, and 
many other opportunistic pathogens including myco- 
plasmas; (6) infections of the CNS by agents that 
include papovavirus (JC virus), CMV, Toxoplasma 
gondu, Cryptococcus neoformans and mycobacteria. 

Severe infections in AIDS patients include pneu- 
monia, bacteraemia and septicaemia, salmonellosis, 
campylobacter enteritis, listeriosis and bacillary angio- 
matosis caused by Rochalimaea quintana or R. henselae 
(Modai 1994, Schwartzmann 1992, and see Ch. 35). 

However the clinical presentation of the disease 
and its symptoms may not be a clear guide to the 
pathogen involved. Pneumocystis infection, dissemi- 
nated CMV infection, cryptococcus infection, myco- 
bacterial disease and systemic fungal disease require 
to be excluded. ‘The subject is summarized by Brook 
& McGhee (1991). 


/mmunosuppressing infections 


Some infections have a significant immunosuppres- 
sant effect on an otherwise norma! host. Whilst 
the most obvious example is infection with HIV-1 or 
HIV-2 (AIDS), as discussed above, other examples 
are measles, mumps, infectious mononucleosis 
(EBV infection), CMV infection, congenital rubella, 
mycobacterial infections (tuberculosis and leprosy), 
brucellosis, and Q fever. 


Immunosuppressive therapy 


Cytotoxic chemotherapy and the therapeutic use of 
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ionizing radiation are immunosuppressive. Among 
other actions, corticosteroids alter lymphocyte traffic 
patterns, Cause leucopenia and adversely affect the 
inflammatory response. Some other drugs have 
potentially toxic effects on the bone marrow. 


Compromising inserts and prostheses 


The passing of a urinary or intravascular catheter, 
the use of a cystoscope, proctoscope or sigmoido- 
scope, the fitting of an orthopaedic or other pros- 
thesis in the tissues, and the use of indwelling 
catheters and plastic lines all carry risks of intro- 
ducing microbes into the patient or, in the case of 
indwelling catheters or implants, of presenting 
inert plastic surfaces that may become colonized by 
potentially pathogenic organisms. 

This outline serves to demonstrate the complexity 
of the subject and to explain why it is so difficult to 
set strategic guidelines. Indeed, prophylaxis of infec- 
tion in immunocompromised patients receives much 
justifiable attention and makes significant contri- 
butions to patient management in many clinical cir- 
cumstances. ’o some extent, the success of active 
prophylaxis and/or early ‘best-guess’ therapy masks 
or suppresses infections caused by organisms other 
than the presumed pathogen, so that the real role 
of some opportunists may be underestimated. 


Haematological clues to the 
compromised state 


There are some general pointers. 

If neutrophils are reduced in number or in their 
phagocytic activity, the host is likely to be vulnerable 
to infections with Gram-positive cocci, Haemophilus 
influenzae, coliform bacteria, Nocardia spp, Aspergillus 
and Candida. | 

If the complement system is deranged, infections 
by staphylococci or streptococci, Pseudomonas, 
Proteus, gonococci or Meningococci may exploit the 
defect. 

If the macrophage—T-cell system is perturbed, 
likely pathogens include CMV, HSV, VZV, Listeria, 
mycobacteria, Nocardia, Aspergillus, Candida, Crypto- 
coccus, Histoplasma, Pneumocystis and Strongyloides 
stercorais, 

Deficiencies in B cell maturation and antibody 


subclass may render the host vulnerable to entero- ° 


viruses, Gram-positive cocci, Haemophilus influenzae, 
Netsseria meningitidis, Escherichia coli, Giardia lamblia 
and Pneumocystis. These hazards are well described 
by Mims et al (1993), 
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Laboratory guidelines 


In practice, some basic tests help to determine the 
clinical management sequence. Much depends upon 
the clinical presentation and the urgency of the situ- 
ation. Close liaison between clinicians and laboratory 
workers is essential. For example, information on 
the patient’s temperature, pulse rate and any cardiac 
signs (such as changing murmurs) may be critical. 
Is there hepatomegaly or splenomegaly? Are there 
splinter haemorrhages or minimal] haematuria? Is 
there lymphadenopathy? Is there cough with spu- 
tum? What is the differential diagnosis? Have chest 
X-rays, and other radiographs and scans shown any 
abnormality? 

Haematology. As discussed above for PUQO, the 
blood may provide many clues. 

A total white cell count and a differential count 
are essential. Check the patient’s red cell count, 
haemoglobin level and erythrocyte sedimentation 
rate (ESR). The determination of C-reactive protein 
(CRP) levels may be preferred as a more sensitive 
indicator of infection or improvement than the ESR. 

Smears for blood cytology and for specialist para- 
sitology are most valuable and can be of critical 
importance. 

Blood culture and serology. Blood culture is very 
important in some cases, and an extended serological 
screen for bacteria and viruses 1s standard practice, 
including tests for infectious mononucleosis. 

Culture of other specimens. Microscopic and cultural 
investigation of urine, sputum and faeces may pro- 
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Specimen collection, culture containers and media 


J. G. Collee W. Marr 





CONTAINERS AND SWABS FORTHE 
COLLECTION OF SPECIMENS 


The quality of a clinical microbiological report is 
directly related to the quality of the specimen on 
which it is based. Care in obtaining a proper speci- 
men and in its prompt submission to the laboratory 
are essential. Specific recommendations are made 
in the relevant chapters; note especially the viro- 
logical information given in Chapter 38. In general, 
specimens of frank pus, wound exudate or excised 
tissue sent in sterile containers are preferable to 
swabs, which are relatively inefficient sampling 
devices (see below). 


Containers 


Specimens for bacteriological investigation should 
be forwarded as soon as possible to the laboratory in 
robust, leak-proof, sterile containers. When patho- 
logical specimens are packaged and sent by post or 
other conveyance, stringent safety regulations must 
be observed (see Appendix 2 and Ch. 3). Each con- 
tainer must bear the name of the patient from whom 
the specimen is submitted and the accompanying 
form should be accurately completed. Relevant clini- 
ca! data must indicate the probable clinical diagnosis, 
information regarding recent or current chemo- 
therapy and, especially if a serological investigation 1s 
required, relevant details of previous immunization. 

Specimen containers with adhesive labels and 
printed request forms are usually supplied by the 
laboratory to its clinical users. Re-usable glass con- 
tainers are economical, but disposable glass or plastic 
containers are generally used. These are usually 
modifications of the old screw-capped, cylindrical 
glass universal container with a flat base and a wide 
mouth (c. 8cm high x c. 3cm in diameter). The 
screw-cap seal must be strong and entirely secure so 
that the contents cannot Jeak or become contaminated. 


All used disposable containers must be incinerated 
or sterilized by responsible staff before discard. 

For faeces, the universal container should be 
supplied with a smal] metal or wooden spoon or a 
plastic spoon that is attached to the inside of the 
screw cap. If not, the spoon is placed in the clean 
container and sterilized with it. ‘The user removes 
the screw-cap, tips out the handle of the spoon and 
grasps it with his fingers. He picks up a single 
spoonful of faeces, drops it, with the spoon, into the 
container, and replaces the cap tightly, When there 
is likely to be a delay of several hours under warm 
conditions before laboratory examination, neutral 
glycerol saline should be added to the container. 

For small quantities of urine, e.g. for the diagnosis 
of most cases of urinary tract infection, the universal 
container is used. For larger quantities, e.g. complete 
early morning specimens for the diagnosis of renal 
tuberculosis, 20 0z (250 ml) wide-mouthed screw- 
capped bottles are convenient. 

Blood for serological examination is submitted 
(without anticoagulant) in special glass or plastic 
containers with screw-caps. Flip-top lds are to 
be avoided as these are insecure; they also produce 
aerosols, on opening, and this may be dangerous. 
The blood clot remaining after withdrawal of the 
serum may be cultured by the addition of a selective 
liquid culture medium, e.g. for enteric organisms. 
However, blood intended primarily for blood culture 
should be submitted in a special, broth-containing 
‘blood culture bottle’. 

Blood culture bottle. This must be at least large 
enough to hold 50 ml of liquid culture medium, 
with which jit is issued from the laboratory, plus 5 
to 10 ml of the patient’s blood. In the past, a 4 oz 
(120 ml) ‘medical’ flat bottle with a special screw-cap 
was used. The metal cap had a central hole, about 
5mm diameter, which was covered on the inside 
by an intact rubber liner. The cap was covered with 
plastic to maintain sterility. Nowadays blood culture 
bottles containing a range of special media are avail- 
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able commercially (see Ch. 6). The blood is injected 
by insertion of the syringe needle through a hole in 
the cap and through the central rubber or plastic 
liner. The cap must not be removed for introduction 
of the blood, and clinical users should be instructed 
accordingly. 

For the collection of serous fluids, e.g. pleural fluid, 
the universal container is suitable. The addition of 
0.3 ml of a 20% solution of sodium citrate to the 
container prior to autoclaving (with the cap fitted) 
is recommended for the collection of fluids that 
may coagulate on standing. This avoids difficulty in 
performing cell counts or centrifuging procedures 
with such fluids. 

Sputum should not be collected in a vnstberesd 
container, as it is very difficult for the patient to 
expectorate into_the container without soiling its 
outside, Squat, wide-mouthed disposable containers 
should be used. 


Swabs 


Swabs suitable for taking specimens of exudate 
from the throat, nostril, ear, skin, wounds and other 


accessible lesions consist of a sterile pledget of 


absorbent material, usually cotton-wool or synthetic 
fibre, mounted on a thin wire or stick. Note: The 
swab is a convenient but relatively inefficient sam- 
pling device. If possible, it should be well loaded 
with the exudate to be sampled and transmitted 
prompily to the laboratory for processing. 

The nature and preparation of the swab can mark- 
edly influence the viability of pathogens sampled on 
it, as inhibitory substances are known to occur in 
swabs of cotton-wool or synthetic fibre. Steps to 
exclude or inactivate these inhibitors include boiling 
the swab in phosphate buffer, or coating the swab 
with serum or albumin or charcoal. Such pre-treated 
swabs are now freely available from reputable suppli- 
ers. These come in cardboard or clear plastic tubes, 
or plastic envelopes already sterilized. The swab in 
its tube or envelope is destroyed in a furnace after 
use. 

The swabs may also be purchased loose and 
unsterile, for assembly and sterilization in tubes. 
Sterilization of swabs in a hot air oven is not re- 
commended as charring gives rise to substances that 
are inhibitory or toxic. 


Swabs for special purposes 


Swabs differing from those described above are 
required to take specimens from less accessible areas. 
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1. ‘Baby’ swabs. When taking specimens from 
babies and young children it is often necessary to 
employ a very fine swab mounted on fine wire so 
that small orifices, such as the aural meatus, may be 
negotiated without gross contamination from the 
external surfaces. 

2. Pernasal swabs, These are used for the diagnosis 
of whooping cough. The swab is passed along the 
floor of the nasal cavity to reach and sample the 
secretions in the nasopharynx. A small swab and a 
flexible swab-wire are required to minimize the risk 
of damage to the nasal tissues. Disposable pernasal 
swabs in plastic tubes, which may or may not contain 
a transport medium, are commercially available. 

3. Post-nasal swabs are used to sample nasopharyn- 
geal secretion for the diagnosis of meningococcal 
carriage. The terminal 20 mm of a long stiff metal 
swab-wire is bent through an angle of 45 degrees, 
so that, when introduced through the mouth, it 
carries the swab up behind the soft palate into the 
nasopharynx, The swab is contained in a stoppered 
test tube of sufficient width to admit the bent end. 

4. Laryngeal swabs. These swabs are used to obtain 
a sample of bronchial secretion for the diagnosis 
of tuberculosis in patients who cannot expectorate 
sputum. Their construction resembles that of post- 
nasal swabs, but the bent, swab-bearing end should 
be longer, about 50 mm, and be more sharply bent 
through an angle of 60 degrees to its original direc- 
tion. A very wide, stoppered tube is required to 
contain it. The swab is moistened with sterile water 
just before use, passed over the dorsum of the tongue 
and introduced into the larynx, where it stimulates 
coughing and collects the expelled secretion. 

Note: Nasopharyngeal washings and throat wash- 
ings may yield much better specimens for viro- 
logical and other microbiological investigations of the 
upper respiratory tract (see Ch. 38), and endotra- 
cheal and bronchial sampling may be used for special 
investigations. 

5. High vaginal and cervical swabs. For the diag- 
nosis of gonorrhoea and puerperal fever, a swab 
should be taken from the uterine cervix and its 
lumen, rather than from the general area of the upper 
vagina. A swab on.a specially long, rigid swab-stick, 
preferably about 22 cm long, is required. 


Transport media 


When some time may elapse before the swab is 
examined, and especially where delicate pathogens, 
€.g. meningococcus or Bordetella pertussis, may be 
present, it is advantageous to place the swab in a 
transport medium, such as Stuart’s medium, which 
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preserves the viability of the pathogens.* The 
medium is non-nutrient, because the less delicate 
commensal bacteria present in the specimen would 
outgrow the pathogens in a nutrient medium. 

The transport medium, which is made semi-solid 
with agar, may be used in a screw-capped universal 
container or smaller bottle, or a hermetically stop- 
pered test tube. Immediately the specimen has been 
taken, the swab is plunged into the depths of the 


transport medium and the cap or stopper is firmly. 


applied. The container is then sent to the laboratory, 
and even delicate pathogens may remain alive for a 
day or two at ambient temperature. For convenience, 
this method requires the use of swabs on wooden 
sticks that can be broken easily. If thin wire handles 
are used, they may be cut off or pressed down into 
the container. 

Transport media are available with different 
ingredients and in different containers for special 
purposes, such as deep semi-solid thioglycollate 
medium for anaerobes. Sterile disposable swab kits 
incorporating a transport medium are supplied com- 
mercially and are very useful for the submission 
of specimens from a patient who is at some distance 
from the laboratory. 


CONTAINERS FOR MEDIA AND 
CULTURES 





Glass vessels stoppered with cotton-wool, test tubes 
stoppered with cotton-wool or with slip-on metal 
caps, and screw-capped bottles of different capacities 
and shapes can be used as containers for liquid media 
and cultures (see below). Cotton-wool plugs must 
be discarded after each use. Screw-capped bottles 
are made of clear white flint glass, the neck having 
an external screw thread. The caps are made of 
aluminium and each has a rubber liner 3 mm thick 
of special rubber that is not mhibitory to bacterial 
growth. Screw-capped bottles are air-tight and thus 
do not allow their contents to dry out dumng storage. 
Media in screw-capped bottles can be kept almost 
indefinitely, but, of course, cultures in screw-capped 
bottles do not have gaseous exchange with the 
atmosphere of the incubator during incubation. 
Glassware must be thoroughly cleaned before 
use for culture media, and new glassware may require 
special treatment to remove free alkali. When bottles 
are cleaned for re-use the old caps and liners may 
be discarded and replaced with new caps and liners. 


*Refer to Methods section at the ena of this chapter. 


If undamaged caps are tq be re-used, each cap and 
liner should be thoroughly washed separately and 
dried, care being taken to see that there is no mols- 
ture between the washer and the cap, since this can 
interfere with sterilization. 

Petri dishes are shallow flat-bottomed circular 
clear glass or plastic containers with lids; they are 
normally c. 90mm in diameter, but smaller and 
larger dishes are available for special purposes. 
Melted agar medium solidified in a Petri dish pro- 
vides a large surface area for the culture of bacteria 
or -fungi. It is important to allow access of the 
desired atmosphere, e.g. anaerobic, CO,-ennched 
etc., to the surface of the medium. Accordingly, 
devices are used to ensure that the lids of glass 
plates do not become sealed by water of condensation 
during incubation. Some plastic Petn dishes have 
ridges on the inner surface of the lid to ensure that the 
plates are ‘vented’. Vented and non-vented plastic 
Petri dishes are commercially availabie. 

The use of plastic Petri dishes is a substantial 
saving of labour. They are supplied sterile by the 
manufacturer and are disposable after one use. 
Care must be taken to ensure that plastic used for 
Petri dishes is not inhibitory to microorganisms, 
especially mycoplasmas, and also to tissue cultures 
for which specially treated dishes are available. Some 
plastics are oxidizing and unsuitable for anaergbic » 
media. 

Copper salts are inimical to the growth of many 
organisms and copper utensils should not be used 
for the preparation of media. 


PREPARATION OF MEDIA 
Liquid and solid media 


There are two broad groups of media, liquid and 
solid. Many liquid media containing different nutn- 
ents have been devised and most bacteria will grow 
in at least one of them. However, liquid media have 
two disadvantages. Growths usually do not exhibit 
specially characteristic appearances in them and, 
except when they are designed for a particular 
biochemical test, they are of only limited use in iden- 
tifying species. Also, organisms cannot be separated 
with certainty from mixtures by growth in liquid 
media. If solid media are used, these advantages are 
overcome. On solid media the appearances exhibited 
by the colonies of different bacteria are useful in iden- 
tification; and solid media are almost indispensable 
for the isolation of pure cultures. It is only occasion- 
ally that organisms can be grown directly from the 
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body in pure culture so that solid media are almost 
always needed for the examination of pathological 
specimens, 

Gelatin was used by the early bacteriologists to 
make the first solid media, but agar is most com- 
monly used for this purpose. 


Adjustment of pH of culture media 


The pH of a culture medium should always be 
checked and adjusted if necessary as described in 
Chapter 47. The pH always rises as the temperature 
falls and allowance for this must be made if the pH 
is tested when the medium is hot. During auto- 
claving, solutions that have been adjusted to be a 
little on the alkaline side of neutrality tend to fall 
by about 0.1 unit. 


Distribution of unsterilized media 


In general, media are initially tubed or bottled with- 
out sterile precautions. All media are distributed as 
liquids, Gelatin and agar media are first melted and 
distributed while hot; for safety it is usual to cool 


melted agar media to 55°C before distribution. Clean _ 


but unsterile glassware is used, and the medium 
and container together are subsequently sterilized 
~ by heat. Sophisticated dispensing machines are com- 
mercially available and are recommended for busy 
laboratories. 


Tubing and bottling of media 


Liquid media may be distributed in test tubes or 
bottles. In general, a test tube is half-filled. Small 
screw-capped bottles in the range 5-30 ml may be 
almost completely filled (c. 85%), as they can be 
safely autoclaved with the caps tight (but note the 
precautions in Ch. 46). Larger bottles (more than 
50 ml capacity) should not be filled more than 75-— 
80% full. Solid media are generally prepared by the 
addition of agar or gelatin in powder form with 
initial heating and mixing to ensure even dispersal of 
the ingredients. Distribution of the molten medium 
may be done at this stage, as for liquid media, without 
careful sterile precautions. Thereafter, the solid 
media are sterilized by autoclaving. 


Sterilization of prepared media 


The choice of method to be used to sterilize a 
medium depends on whether or not the-ingredients 
are decomposed by heat. If autoclaving will not 
damage the medium, it is the best method of sterili- 
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zation, and its application is discussed in Chapter 
46. 

The sterilization time at a particular temperature 
is the sum of the heat penetration time, which is 
variable, and the holding time, which is constant 
for media prepared under clean conditions for each 
temperature. The heat penetration time and conse- 
quently the sterilization time, varies greatly with the 
volume of medium and also with the container. For 
test tubes containing 10 ml of medium, a sterilization 
tume of 15 min at 121°C, or 35 min at 115°C, is 
required. McCartney bottles containing 10 ml of 
medium require 20 min at 121°C. Larger amounts 
of medium require longer sterilization times and so 
do small amounts of medium in large containers. 
Recommended sterilization times at -121°C~ are 
summarized in Table 5.1. Molten agar requires the 
same sterilization times as liquid media; however, 
if agar is solid, 5-10 min must be added for melting. 

Tubes and bottles of medium must be put in 
the autoclave so that steam has free access to them. 
They must not be held in air-tight tins, for example. 
Wire crates are suitable. Do not pack bottles of 
medium tightly in such holders before heating them. 

Sometimes lower temperatures, such as 115°C, 
for times ranging from.10—20 min are recommended 
for ‘sterilization’ of media containing ingredients 
that are not very stable to heat. These conditions are 
not strictly reliable for sterilization and should be 
used only for media distributed in small quantities. 
They are usually satisfactory because it is unhkely 
that many heat-resistant spores would be present 
in media prepared under clean conditions. 

Steaming at 100°C, either for 90 min on one 
occasion or for shorter times (30 min) on several 
occasions (tyndallization), is not a sure way of steri- 
lizing media. Spores are not invariably destroyed 
at 100°C and will not be destroyed by successive 
heatings at 100°C unless they are incubated in the 
intervening periods under conditions in which they 
will germinate to yield heat-sensitive vegetative 
organisms. Samples of media steam-treated in this 
way should be incubated as a routine assurance that 
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they are sterile. Repeated steaming for short periods 
is inadequate for the sterilization of non-nutrient 
solutions, e.g. pure sugar solutions, as any spores in 
them are unlikely to germinate and grow out between 
steamings. 

If any of the ingredients of a medium are liable 
to be spoiled by autoclaving, the complete medium 
should not be sterilized by heat. In such cases, it is 
usual to autoclave the thermostable ingredients of 
the medium and to add the sterile heat-sensitive 
ingredients with sterile precautions. Some heat- 
sensitive ingredients such as blood, serum or egg-volk 
can be obtained sterile from commercial sources. 
Others must be sterilized by filtration through a 
bacterial filter. 

Some selective media that cannot be autoclaved 
contain ingredients that are inhibitory to the most 
probable contaminants. These media are sometimes 
prepared without the sterilization of some ingredi- 
ents, reliance being placed on the inhibitors to sup- 
press contaminants. The method is usually successful 
but must always be regarded as less than ideal. 


Distribution of sterilized media with 
sterile precautions 


Liquid media 


Sterile precautions for tubing and bottling liquid 
media are necessary if an ingredient of the medium 
is heat-labile — for example, certain sugars used in 
fermentation test media. The ingredients that are 
stable to heat are prepared and sterilized, the un- 
stable ingredient (previously sterilized in a suitable 
way) is added with sterile precautions and the 
medium is distributed with sterile precautions into 
sterile containers. 

Alternatively, the heat-stable part of the medium 
may be distributed into clean glassware without 
sterile precautions and then sterilized. The sterile 
unstable ingredient can later be added aseptically 
from a sterile graduated pipette or syringe. 


Tubing and bottling of solid media 


Solid media may be distributed in test tubes or 
bottles, as for liquid media. ‘This may be done for 
storage, often prior to supplementation. If the solid 
medium is to be used for direct culture in a tube or 
bottle, the shape in which the medium is allowed to 
solidify depends on the method of inoculation for 
which it is to be used. The commonest shape is the 
‘slope’ or ‘slant’, which provides a large surface area 
of medium for inoculation. For 150 x 16 mm test 








Fig. 5.1 Slope of solid medium in screw-scapped bottle. 


tubes, 5 ml of medium is sufficient and it is allowed 
to set at such an angle that there is a thick butt at 
the bottom. When a large number of tubes of agar 
have to be sloped, special trays that allow the tubes to 
be laid at the correct angle are useful. After cooling, 
fresh agar slopes contain ‘water of condensation’ at 
the foot of the tube; this should not be allowed to 
run over the surface of the medium or wet the plug 
or cap. 

If the medium is to be used for a ‘stab’ or ‘shake’ 
culture the test tube is half filled with the medium, 
which is allowed to solidify in the upright position. 

Screw-capped bottles can be substituted for test 
tubes. The amounts of medium for slopes in | 02 
(30 ml) and bijou (6 ml) bottles are 5 ml and 2.5 mi 
respectively. The medium may be allowed to set 
at an angle to form a butt as in test tubes, but it is 
easier to inoculate with a loop if it is parallel to the 
side of the bottle (Fig.5.1). For stab or shake 
cultures, 30 ml bottles are half-filled with medium. 


Pouring plates 


Solid media in Petri dishes are usually referred to 
as ‘plates’. For a dish of 90 mm diameter, 14 ml of 
medium is usually ample. 

Plates are always poured with sterile precautions. 
Bulk medium is prepared sterile and is poured into 
sterile Petri dishes. Machines are commercially 
available for the automatic distribution of melted 
medium and for the automatic stacking of the 
prepared plates. The following points merit consi- 
deration for the automatic or manual pouring of 
plates. Avoid airborne contamination. Work in a 
clean draught-free room, preferably within an inocu- 
lation hood or cabinet with a filtered air supply. 
To reduce condensation of water on the Petri dish 
lids, the medium should be cooled to 52°C before 
pouring. The melted medium is poured into the 
dishes on a flat surface and the dishes are left un- 
disturbed until the medium has set. In separating 
organisms from mixed cultures by plating, it 1s 
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Fig. 5.2. The drying of an agar plate before inoculation, 


essential that the surface of the medium should be 
dry. When plates have been poured, the stearm from 
the hot liquid condenses on the surface of the 
medium and this moisture is undesirable. It is 
removed by drying the poured and set plates in a 
warming or drying cabinet at 60°C for 15—30 min, 
depending on the medium, with the plate inverted 
(Fig. 5.2). If care is taken to avoid disturbing dust, 
there is very little risk of contamination of the 
medium by airborne organisms. 


Solidified serum and egg media 


The serum in Loeffler’s medium, and egg in media 
such as Léwenstein—Jensen medium, are usually 
solidified by inspissation in small screw-capped 
bottles held in a sloped position at a temperature 
of 75-85°C. At this temperature the protein is 
completely solidified, but the temperature is not 
so high as to cause bubbles of steam to disrupt the 
surface of the medium. 


CULTURE MEDIA 





Some bacterial species are able to grow under a wide 
range of conditions, but others are very exacting. 
Artificial culture media generally provide sources 
of carbon, energy and nitrogen in the form of avail- 
able carbohydrates and amino acids. Special media 
provide specific requirements that may include 
inorganic salts, or particular growth factors. 


Routine laboratory media 


The majority of organisms to be studied in medical 
bacteriology are either pathogens or commensals 
of the human body, and in order to obtain suitable 
growths the artificial culture medium should provide 
nutrients and a pH (about 7.2) approximating to 
those of the tissues and body fluids. For routine 
purposes many of these nutrients are supplied by 
aqueous extracts of meat and peptone, which is a 
product of the digestion of protein. 

Basal media such as nutrient broth and peptone 
water are generally used as simple media and as the 
basis of supplemented enriched media. 

Nutrient broths form the basis of most media used 
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in the study of the common pathogenic bacteria. 
‘They should be ‘of the best quality possible, because 
enrichment does not fully compensate for a poor 
basal medium. There are three types of nutrient 
broth: meat infusion broth consisting of a watery 
extract of lean meat to which peptone is added; meat 
extract broth prepared as a mixture of commercial 
peptone and meat extract; and digest broth consisting 
of a watery extract of lean meat that has been digested 
with a proteolytic enzyme so that additional peptone 
need not be added, Digest broths are economical 
and are good for obtaining luxuriant growths of 
exacting organisms. However, cultures tend to die 
out rapidly in them. The proteolytic enzyme may 
be trypsin or papain, attention being paid to the 
optimum temperature and pH for activity of the 
enzyme. 

Enriched media (blood agar, serum agar, etc.) are 
prepared to meet the nutritional requirements of 
more exacting bacteria by the addition of substances 
such as blood, serum or egg to a basal medium. 

Selective media (neomycin or gentamicin blood 
agar, selenite F broth, etc.) contain substances that 
inhibit or poison all but a few types of bacteria. They 
facilitate the isolation of particular species from 
a mixed inoculum. If a liquid medium favours the 
multiplication of a particular species, either by con- 
taining enrichments that selectively favour it or inhi- 
bitory substances that suppress competitors, cultures 
from mixed inocula are called enrichment cultures. 
These cultures fail to indicate the proportion of the 
species present in the inoculum. 

Indicator media (MacConkey agar, urea broth, etc.) 
incorporate some substance that is changed visibly 
as a result of the metabolic activities of particular 
organisms. Combinations of enriched media with 
selective agents and indicator systems are frequently 
used in the diagnostic laboratory. 

Transport media are devised to maintain the 
viability of a pathogen and to avoid overgrowth of 
other contaminants during transit from the patient 
to the laboratory. 

Storage media and conditions for the maintenance 
of bacterial cultures are discussed later in this 
chapter. 


Defined synthetic media 


Chernically defined media are used for various ex- 
perimental purposes. They are prepared exclusively 
from pure chemical substances and their exact com- 
position is known, The ingredients should be of 
analytical reagent quality and are dissolved in 
distilled or demineralized water. 
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Simple synthetic media contain a carbon and en- 
ergy source such as glucose or lactate, an inorganic 
source of nitrogen, usually in the form of ammonium 
chloride, phosphate or sulphate, and various in- 
organic salts in a buffered aqueous solution. They 
provide the basic essentials for the growth of many 
non-parasitic heterotrophs, but they will not support 
growth of most kinds of parasitic bacteria. 

Complex synthetic media incorporate, in addinon, 
certain amino acids, purines, pyrimidines and other 
growth factors. They can therefore be used for the 
growth of more exacting bacteria. 


COMMON INGREDIENTS OF CULTURE | 
MEDIA 





Sa 


Some of the components of culture media are 
described in the following pages. 


VVater 


Tap water is often suitable for culture media, par- 
ticularly if it has a low mineral content, but if the 
local supply is found unsuitable, glass-distilled or 
demineralized water must be used instead. Small 
amounts of copper are highly inhibitory to bacterial 
growth so that copper-distilled water cannot be used 
for media. Suitable demineralizers are commercially 
available. 


Agar 


Agar-agar, or ‘agar’ for short, is prepared from a 
variety of seaweeds; the product is clarified, dried and 
supplied as a powder. There are considerable differ- 
ences in the properties of the agars manufactured in 
different places, and even between different batches 
from the same source, In watery solutions agar gives 
a firm gel that remains unmelted at all incubation 
temperatures and it is generally bacteriologically 
inert, being decomposed or liquefied by only a few 
varieties of bacteria. In these respects it is more 
suitable than gelatin; a 15% solution of gelatin melts 
at 24°C and gelatin is decomposed by many proteo- 
lytic bacteria. Agar does not add to the nutritive 
properties of a medium and a suitable agar should 
be free from growth-promoting as well as growth- 
inhibiting substances. The exact concentration to 
be used may require some adjustment according to 
the batch of agar and also according to the other 
constituents of the medium. A concentration of 
1—2% usually yields a suitable gel, but the manufac- 
turer’s instructions should be followed. 
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The chief component of agar is a long-chain 
polysaccharide, mainly composed of D-galacto- 
pyranose units. It also contains a variety of impurities 
including inorganic salts, a smal] amount of protein- 
like material and sometimes traces of long-chain 
fatty acids which are inhibitory to growth. The 
minerals present are mainly magnesium and calcium, 
and agar is thought to exist as the magnesium or 
calcium sulphate esters of the polysaccharide. 

In preparing agar media, the appropriate amount 
of agar powder is added to the liquid medium and 
dissolved by placing the mixture in a steamer at 
100°C for 1 h or longer. Most agars dissolve to give 
a clear solution but sometimes it is necessary to 
filter off particulate impurities and, possibly, excess — 
phosphates from the nutrient liguid. 

The melting and solidifying points of agar solu- 
tions are not the same. At the concentrations 
normally used, most bacteriological agars melt at 
about 95°C and solidify only when cooled to about 
42°C. 

Agar can be added to any nutrient liquid medium 
if the advantages of a solid medium are desired. 
Nutrients that are not damaged by autoclaving may 
be added to the medium before dissolving the agar. 
Such media can be sterilized and allowed to set for 
storage, being remelted in the steamer before use. 
However, nutrients that are damaged by autoclaving 
must be prepared sterile separately from the agar 
base. The sterilized agar base can be melted in the 
steamer and cooled to about 45—50°C before adding 
any heat-Jabile ingredients, but once these are added 
the medium must at once be distributed for its 
final use because it cannot be remelted without 
damaging the heat-sensitive ingredients. 

Agar is hydrolysed to products that do not solidify 
on cooling if it is heated at a low pH. Agar usually 
does not alter the pH of the medium to which it is 
added but if it contains free acid this must be neutral- 
ized before it is autoclaved. For media whose pH 
is about 5, such as those for lactobacilli and fungi, 
heating should be reduced to a minimum after the 
agar is in an acid solution. After autoclaving, the 
medium may be allowed to solidify in bulk but it 
should be remelted with as litthe heating as pos- 
sible and then be wholly distributed for its final use; 
it should not be partly used, allowed to solidify and 
later heated a third time. 


Peptone 


Peptone consists of water-soluble products obtained 
from lean meat or other protein material such as 
heart muscle, casein, fibrin or soya flour, usually 
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by digestion with the proteolytic enzymes pepsin, 
trypsin or papain. The important constituents are 


peptones, proteoses, amino acids, a variety of 


inorganic salts including phosphates, potassium and 
magnesium, and certain accessory growth factors 
such as nicotinic acid and riboflavin. Peptone is 
supplied as a golden granular powder with a low 
moisture content, preferably under 5%, and usually 
a slightly acid reaction; giving a pH between 5 and 
7 in a 1% solution. It is hygroscopic and soon 
becomes sticky when exposed to air; stock bottles 
should therefore be kept firmly closed. According 
to the starting matenals and mode of preparation, 
the brands of peptone supplied by different manufac- 
turers show appreciable differences in composition 
and growth-promoting properties; moreover, varia- 
tions may occur between different batches of one 
brand. 

The essential requirements of a good peptone 


- include the ability to support the growth of moder- 


ately exacting bacteria from small inocula, the 
absence of fermentable carbohydrates, a low content 
of contaminating bacteria and a very low content of 
copper. Apart from the standard grades of bacterio- 
logical peptone, some manufacturers supply special 
grades of peptone recommended for particular 
purposes, ¢.g. Neopeptone, Proteose peptone, 
mycological peptone, etc. 


Casein hydrolysate 


This consists largely of the amino acids obtained by 
hydrolysis of the milk protein casein. It also con- 
tains phosphate aad other salts, and certain growth 
factors. Hydrolysis is effected either with hydro- 
chloric acid, when the product is neutralized- with 
sodium carbonate and so becomes very rich in 
sodium chloride, or with a proteolytic enzyme 
(trypsin). The acid hydrolysate is the poorer nutri- 
tuuonally because tryptophane is largely destroyed 
during the hydrolysis and some other amino acids 
are reduced in amount; tryptophane must therefore 
be added to the medium to make it suitable for 
tryptophane-requiring bacteria. The more expensive 
enzymic hydrolysate contains abundant tryptophane 
and the full range of amino acids, and does not 
require such supplementation. Casein hydrolysate 
may be substituted for peptone in broth and other 
media. It is of particular use in experimental work 
where a nearly defined medium is required, since 
its composition is more constant and more fully 
known than that of other peptones. Thus it may 
be added to a minimal synthetic medium to render 
it suitable for growth of exacting bacteria, 
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Meat extract 


Commercially prepared meat extract is used as a 
substitute for an infusion of fresh meat; the products 
of hot water extraction of lean beef are concentrated 
by evaporation. A typical commercial preparation 
(Lab-Lemco, Oxoid Unipath) contains a wide 
variety of water-soluble compounds, including pro- 
tein degradation products, e.g. gelatin, albumoses, 
peptones, proteoses and amino acids and other 
nitrogen compounds such as creatine, creatinine, - 
carnosine, anserine, purines and glutathione (total 
N about 10%); it also contains many mineral salts 
(KH,PO, and NaCl most abundantly), accessory 
growth factors (e.g. thiamine, nicotinic acid, ribo- 
flavin, pyridoxin, pantothenic acid and choline) and 
some carbohydrates. 


yeast extract 


Commercial yeast extract is prepared from washed 
cells of brewer’s or baker’s yeast. It contains a wide 
range of amino acids (amounting to nearly 50%. of 
its mass), growth factors (especially of the vitamin B 
group) and inorganic salts (particularly potassium 
and phosphate): over 10%. of yeast extract is carbo- 
hydrate, including glycogen, trehalose and pentoses. 
Yeast extract 1s used mainly as a comprehensive 
source of growth factors and may be substituted for 
meat extract in culture media. 


Malt extract 


Malt extract is prepared commercially by extracting 
the soluble materials from sprouted barley in water 
at about 55°C. The liquor is strained and concen- 
trated by evaporation at a temperature below 55°C 
to yleld a brown viscous material, It consists mainly 
of maltose (about 50%o), starch, dextrins and glucose, 
and contains about 5% of proteins and protein 
breakdown products, and a wide range of mineral 
salts and growth factors, such as thiamin, nicotinic 
acid, riboflavin, biotin, pantothenic acid, pyridoxin, 
folic acid and inositol. For use in mycological media 
it must not contain added sugar or cod liver oul. 


Blood 


Blood for use in media must be collected with aseptic 
precautions adequate to exclude bacterial contami- 
nation and preserve the blood in its original sterile 
condition. It must be rendered non-coagulating by 
defibrination or by the addition of citrate or oxalate; 
defibrination is recommended because it involves 
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no additive that might alter the nutritive properties 
of the medium. 

For defibrination, a bottle containing glass beads 
is half filled with the blood, stoppered at once and 
shaken continuously for 5 min. Oxalated blood is 
prepared by bleeding the animals into bottles con- 
taining 10 ml of a 10% solution of neutral potassium 
oxalate/litre of blood. For citrated blood, which is 
often preferred to oxalated blood, the blood is col- 
lected and gently but thoroughly shaken in a bottle 
containing sodium citrate 60 mg/10 ml of blood, 
e.g. 0.3 ml of a 20% solution of sodium citrate. 

The sterile blood is immediately distributed in 
5 or 10 ml amounts in sterile screw-capped bottles 
and stored in the refrigerator. It will keep for up to 
2 months. It must not be allowed to freeze or the 
cells may be lysed. 

Sterile horse blood can be obtained commercially. 
Alternatively, blood may be collected from rabbits 
and other laboratory animals, sheep, oxen and horses 
at the abattoir or from man. 

Human or animal blood may contain antibiotics. 
These can be detected by testing with a bactertum 
sensitive to a wide range of antibiotics. Donor 
blood sometimes contains glucose and is unsuitable 
for some purposes. Even screened human blood may 
contain hepatitis viruses or human retroviruses and 
strict precautions should be taken when handling it. 
In view of the nisk to staff, most laboratories now use 
commercially prepared horse blood for their media. 

Small amounts of blood may be obtained from 
rabbits, up to 20-30 ml from the ear vein and about 
50 ml/kg body weight by cardiac puncture. ‘The pro- 
cedures for withdrawing blood aseptically in these 
ways are described in Chapter 50. 


Serum 


Serum for use in media need not be collected with 
aseptic precautions because it can be filter-sterilized. 
Sterile animal sera can be obtained commercially. 

Serum may also be prepared from unsterile de- 
fibrinated or oxalated blood. 

Serum is sterilized by filtration through a suitable 
membrane filter or Seitz filter. It may be stored at 
3—5°C in the refrigerator until required for use. 

Serum, like blood, may contain antibiotics or 
pathogenic agents. 


READY-MADE MEDIA 


Several manufacturers prepare numerous culture 
media and market them as ‘ready prepared media’ or 


‘ready poured plates’ or as dehydrated powders that 
have to be reconstituted in the laboratory. Although 
the latter are not equal in quality to freshly made 
media they are significantly labour-saving, being easy 
to reconstitute for use. However, claims that dehy- 
drated media are absolutely constant and reliable 
cannot be substantiated. Microbiologists who use 
ready-made media must be constantly vigilant, 
rejecting media whose performance falls belew 
standards that have already been achieved and also 
encouraging improvements. As a minimum a small 
batch of the supplied medium should be tested before 
it is taken into use, noting colony size and germina- 
tion rate as well as the ability of the medium to 
perform any special function. More stringent quality 
control tests are advisable. 

Dehydrated media tend to deteriorate during 
storage. Storage conditions should comply with the 
manufacturer’s instructions or, if unspecified, should 
be cool and dry. There must be adequate mixing 
and solubilization of dehydrated ingredients. Quality 
control by the exchange of simulated clinical speci- 
mens, though aimed primarily at evaluating the 
standard of laboratory methods, will also tend to 
sustain the standard of dehydrated media. 

It is a false economy to use any but a first-class 
basal medium. Enrichment with natural products, 
such as blood, does not compensate for a poor 
base. The basal medium should be suitable for 
enrichment for special purposes such as to show 
haemolysis, particularly by streptococci, and to grow 
fastidious species. A suggested minimum of four 
dehydrated culture media for primary cultivation of 
specimens in a diagnostic laboratory is: 


1. Nutrient broth. A broth base from which nutrient 
broth, cooked meat broth, etc., can be made. 

2. Nutnent agar. Used to make blood agar, heated 
blood agar, etc. 

3. MacConkey agar. A medium without added 
sodium chloride is chosen as this inhibits the spread- 
ing of Proteus spp, e.g. MacConkey agar without salt. 
Sodium chloride can be added if especially desired. 

4. Sensitivity test agar. An ‘ordinary’ nutrient 
agar is not suitable for antibiotic sensitivity testing 
as various inhibitors may be present. Specially formu- 
lated media for performing antibiotic sensitivity tests 
are commercially available. 


METHODS: RECIPES FOR CULTURE 
MEDIA 


I 





The recipes for a range of general bacteriological 
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culture media are given here. Special media for 
virological, mycological and protozoological use are 
discussed in the relevant chapters. 

The recipes that follow are for reference and for the 
use of laboratories that still prefer to prepare their 
own media from fresh ingredients, a practice that one 
hopes will continue long enough to ensure that dehy- 
drated media are as good as, if not better than, the 
freshly made media that they replace. Dehydrated 
cooked meat broth tends to be particularly defective. 


Nutrient broth 


There are three types of nutrient broth: (1) Meat infu- 
sion broth is an aqueous extract of lean meat to which 
peptone is added. (2) Meat extract broth is a mixture 
of meat extract with commercial peptone. (3) Digest 
broth is an aqueous extract of lean meat that has been 
digested with a proteolytic enzyme so that additional 
.. peptone need not be included. Commercially produced 
nutrient broths generally incorporate a meat extract 
supplemented with yeast extract and peptone in vary- 
ing proportions (e.g. Oxoid, Unipath, Nutrient Broth and 
Nutrient Broth No. 2). 

It is appreciated that few laboratories now make 
their own infusion or digest broths from basic materials. 
The following details are retained in this edition as 
they illustrate important principles. 


Meat infusion broth 


Lean meat, ox heart or beef 500 g 
Water , 1 litre 
Peptone 10-20 g 
Sodium chioride, NaCl 5g 


The type of meat used is an important factor in 
determining the quality of the broth. It should be fresh, 
not frozen. Horse flesh is cheap, but is usually not 
So fresh. In addition it contains a higher percentage 
of fermentable sugar which may make the broth un- 
suitable for many purposes, such as the preparation 
of toxins. 

Remove ail fat from the meat and mince it finely. 
Add the minced meat to the water and extract for 24h 
in the cold, then strain through muslin and squeeze 
the meat residue. The extract is bright red and often has 
a thin surface layer of fat which can be removed by 
skimming with a piece of filter paper. Boil for 15 min or 
Steam at 100°C for 2h. The extract becomes brown 
and turbid. Filter through Whatman No. 1 paper. (f 
filtration is done when the medium is hot, it may be 
necessary to use a hardened filter paper. The filtrate 
should be clear and light yellow in colour. Make the 
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volume up to 1 litre with water, add the peptone and salt 
and dissolve by heating. Filter. The reaction of the broth 
will be acid because of lactic acid from the meat. Adjust 
to the desired pH, usually 7.5, which will give a final pH 
of 7.4 when cold; distribute in tubes or bottles and steri- 
lize by autoclaving at 121°C for 15 min. 


Meat extract broth 


Peptone 10g 
Meat extract (Lab-Lemco, Unipath) 10g 
Sodium chloride, NaC} 5g 
Water 1 litre 


Mix the ingredients and dissolve them by heating 
briefly in the steamer. When cool, adjust the pH to 
7.5-7.6. A precipitate of phosphates may appear and 


.this may be removed by filtration through filter paper. 


if clarity of the broth is essential, the mixture should 
be adjusted to pH 8.0, heated at 100°C for 30 min to 
precipitate most of the phosphates, cooled, filtered 
and finally adjusted to pH 7.5. Distribute in tubes or 
bottles and sterilize by autoclaving at 121°C for 15 min. 

The medium should be clear. The presence of a 
deposit, generally of phosphates, does not interfere 
with the nutrient value of the medium, but it may hinder 
the recognition of slight bacterial growth indicated by 
a developing turbidity. 


Hartley’s digest broth 


Pancreatic extract 


Fresh pig pancreas : 500 g 
Water 1500 ml! 
Absolute alcoho! or methylated spirit 500 ml 
Concentrated hydrochloric acid, HC} c.2ml 


Remove fat, mince the pancreas and mix it with 
the water and alcohol. Shake the mixture thoroughly 
in a large stoppered bottle and allow it to stand for 
3 days at room temperature, shaking occasionally. 
Strain through muslin and filter through paper. Measure 


the volume of the filtrate and add the concentrated © 


HCI to give a final concentration of 0.1%. A cloudy pre- 
cipitate settles in a few days and can be filtered off, 
although this is not essential. 

This extract keeps for about 2 months in stoppered 
bottles in the cold. If used at once there is no need 
to add acid, which is intended to retard the slow 
deterioration of the trypsin. 


Preparation of complete medium 


Lean meat, ox heart or beef 1500 g 
Water 2500 ml 


Ly 
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Sodium carbonate, Na,CQs,, 


0.8% solution 2500 mi 
Pancreatic extract 50 ml 
Chloroform 50 mi 
Concentrated hydrochloric acid, HC! 40 ml 


Mix the minced meat and water and heat them in 
the steam sterilizer until a termperature of 80°C. is 
reached. Add the sodium carbonate, cool to 45°C and 
add the pancreatic extract and chloroform. Incubate 
the mixture at 37°C for 6h or 45°C for 3h, stirring 
frequently. When digestion is complete, add the acid, 
steam at 100°C for 30 min and filter. The broth is stored 
in an acid condition in 5-litre screw-capped bottles with 
0.25% of chloroform. Shake vigorously and frequently 
in the next 2 or 3 days. Store in a cool, dark place. 

For use, adjust to pH 8.0 with sodium hydroxide 
1 mol/litre and steam at 100°C for 1h to precipitate 
phosphates. Filter while hot and allow to cool. Adjust 
the reaction to pH 7.6, distribute and autoclave al 
115°C for 20 min. 


Horse flesh digest broth 


This medium is specially suitable for cultivating 
haemolytic streptococci when an abundant growth is 
required. 


Horse flesh 900 g 
Water 3500 ml 
Sodium carbonate, Na,CO; i29g 
Pancreatin 17.5g 
Concentrated hydrochloric acid, HC! 20 ml 
Peptone, high quality 35q 
Calcium chloride, CaCl, 449 
Sodium bicarbonate, NaHCO, 7Q 


Mince the meat and mix it with 1500 ml of cold water, 
raising the temperature to 80°C. Add the remainder of 
the cold water and the sodium carbonate. Adjust the 
pH to 8.0, add the pancreatin and keep the mixture at 
56°C for 6h. Add the acid, boil at 100°C for 30 min 
to arrest digestion and filter. Add the peptone, adjust 
the pH to 8.0, add the caicium chloride, steam, and filter 
when cold. Add the sodium bicarbonate and filter 
through a Seitz filter. 

Store in bottles. Sterility checks on representative 
samples are of special importance with filter-sterilized 
media. 


Nutrient agar 


Nutrient agar is nutrient broth soiidified by the addition 
of agar. Nutrient agar is frequently referred to as ‘agar’, 
the context making clear that the agar-broth mixture 
is meant and not the pure, non-nutritive agar itself. 


Japanese agar yields a gel of suitable firmness at a 
concentration of about 2% and New Zealand agar at 
about 1.2%. 


Semi-solid agar 


For special purposes agar is added to media in con- 
centrations that are too low to solidify them. At 0.2- 
0.5% it yields a semi-solid medium through which 
motile, but not non-motile, bacteria may spread. The 
actual concentration of the agar used for this purpose 
must be determined by careful experiment; the choice 
is influenced by such factors as the quality of the agar 
and the ingredients and method of preparation of the 
medium. At 0.05-0.1%, agar prevents convection 
currents and retards the diffusion of air into media used 
for anaerobic and microaerophilic organisms. 


Firm agar 


lf agar is added to media in concentrations greater 
than that necessary for solidification, ‘spreading’ bac- 
teria such as Proteus vulgaris and Clostridium tetani 
will grow as discrete colonies. The necessary con- 
centration must be determined by experiment but 6% 
of Japanese agar and 4% of New Zealand agar are 
usually satisfactory. Firm agar takes longer to dissolve 
and to cool and is more difficult to handle than agar at 
ordinary concentrations. 


Peptone waiter 


The medium is used chiefly as the basis for carbohy- 
drate fermentation media (see Ch. 7). Nutrient broths 
may contain a small amount of sugar derived from 
meat and it is essential that the basal medium to which 
various carbohydrates are added for fermentation 
tests should be free from natural sugars. It is also used 
to test the formation of indole. 


Peptone 10q 
Sodium chloride, NaCl 5g 
Water 1 litre 


Dissolve the ingredients in warm water, adjust the 
pH to 7.4-7.5 and filter. Distribute as required and 
autoclave at 121°C for 15 min. 


METHODS: ENRICHED CULTURE MEDIA 


Serum peptone water 


Serum peptone water and specially supplemented 
serum-free broth media are used for carbohydrate 
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fermentation tests with fastidious organisms such as 
streptococci and diphtheria bacilli (Ch. 15). 


Blood broth 


Nutrient broth to which 5—10% of blood has been added 
with sterile precautions jis occasionally used as an 
enriched liquid medium. 


Blood agar 


Blood agar is widely used in medical bacteriology. In 
addition to being an enriched medium, it is an indicator 
medium showing the haemolytic properties of bacteria 
such as Streptococcus pyogenes. It is generally poured 
as plates. 

The medium is prepared by adding sterile blood to 
sterile nutrient agar that has been melted and cooled 
to 50°C. 

The concentration of blood may be varied from 
5-50% for special purposes; 10% is the most usual 
concentration. Either human or animal blood may be 
used. Horse blood is the commonest, as safety con- 
siderations have excluded the use of human blood 
for culture work in many laboratories. 

A fairly thick layer of medium is required to prevent 
excessive drying during incubation; if this consists 
entirely of 10% blood agar, the medium is almost 
opaque when viewed by transmitted light and haemo- 
lysis is difficult io see. Double-layer blood agar over- 
comes this difficulty. A thin layer of melted nutrient agar, 
about 7 ml for a 9 cm Petri dish, is poured and allowed 
to set. Then a similar thin layer of 10% blood agar is 
poured on top of the first layer. Any bubbles caused 
by the mixing of the blood and agar can easily be 
removed by drawing a Bunsen flame quickly across 
the surface of the medium in the dish. 


Heated blood agar (‘chocolate agar’) 


This medium is suitable for Haemophilus influenzae 
and other fastidious organisms such as the neisseriae 
and the pneumococcus. The heat ruptures the red cells 
and liberates nutrients. 

Melt the desired amount of nutrient agar; cool it in a 
water-bath at 75°C, add 10% of sterile blood and allow 
the medium to remain at 75°C, mixing the blood and 
agar by gentle agitation from time to time until the 
blood becomes chocolate-brown in colour, within about 
10 min. Then pour as slopes or plates. 


Lysed blood agar 


This medium is suitable for subculture of gonococci 
and has been used in sulphonamide sensitivity tests. 
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lysed biood. Blood can be tysed by heating at 
55-56°C for approximately 1 h, or by alternate freezing 
and thawing, or by treatment with saponin. 


Preparation of complete medium 


100 ml 
10—20 ml 


Melt the nutrient agar, cool to 50°C, add the lysed 
blood and pour plates. 


Nutrient agar 
Lysed blood 


Serum agar and broth 


Serum agar is generally used as slopes. Add 10% of 
Sterile serum to sterile nutrient agar that has been 
melted and cooled to 55°C. In an emergency, a useful 
but less satisfactory serum medium can be made by 
running a few drops of sterile serum over the surface 
of a nutrient agar slope or plate. 

Serum broth is prepared by adding 10% of sterile 
serum to sterile nutrient broth. 


Fildes agar and broth 


Fildes peptic digest of blood is added to nutrient broth 
or agar in the proportion of 2—-5% after heating at 55°C 
for 30 min to remove the chloroform. It stimulates the 
growth of Haemophilus spp. The preparation of these 
media is described in Chapter 25, 


Glucose agar and broth 


Glucose added to nutrient media promotes luxuriant 
growth of many organisms. It also acts as a reducing 
agent, and glucose agar is used for deep stab and 
shake cultures of anaerobes. 

If glucose is added before autoclaving the medium, 
some darkening of it may occur. It is better to prepare 
a 20% solution of glucose separately, add a drop of 
phosphoric acid to ensure that the pH is not more than 
7.0, and autoclave at 115°C for 20 min: this sterile 
glucose solution can then be added aseptically to 
the sterile basal medium. 

Concentrations of 0.1, 0.25 and 1% glucose are 
used; 1% is the commonest. 


Glucose blood agar 


The incorporation of blood 5-10% (v/v) in glucose agar 
produces a rich medium for special purposes. Prompt 
acid production by cultures in this medium may be a 
disadvantage. 
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Todd Hewitt meat infusion broth 


This enriched broth contains glucose 0.2% and Is 
adjusted to pH 7.8. It is of use for the luxuriant growth 
of organisms such as streptococci. 


450 gq 
1 litre 


Meat, minced 
Water 


Stir the meat in the water and leave at 4°C over- 
night to give an infusion broth; remove the fat and heat 
the meat particles and the broth at 85°C for 30 min. 
Filter out the meat particles and adjust the volume of 
the filtered broth to 1 litre. 

Add the following ingredients in the order stated: 


Peptone 20g 
Sodium hydroxide, NaOH, 10 mol/litre 2.7 ml 
Sodium bicarbonate, NaHCO, 2qg 
Glucose 29g 
Disodium hydrogen phosphate, 

NasHPO,.12H,0 19g 
Sodium chioride, NaCl 29g 


Heat gently to 100°C and boil for 30 min; adjust to 
pH 7.8, re-filter to remove precipitated phosphates 
and sterilize at 115°C for 20 min. 


Mueller—Hinton agar 


This medium was originally formulated for the isolation 
of pathogenic Neisseria species. Nowadays It is more 
commonly used in conjunction with high potency anti- 
biotic discs, for the determination of antibiotic sensitivity 
patterns by the Kirby—Bauer technique (see Ch. 8). 


Beef infusion 300 mi 
Casein hydrolysate 17.59 
Starch 1.59 
Agar 109 
Distilled water 1 litre 


Emulsify the starch in a small amount of cold water, 
pour into the beef infusion and add the casein hydro- 
lysate and the agar. Make up the volume to 1 litre with 
distilled water. Dissolve the constituents by heating 
gently at 100°C with agitation. Filter if necessary. 
Adjust the pH to 7.4. Dispense in screw-capped bottles 
and sterilize by autoclaving at 121°C for 20 min. Pour 
piates. 


Cooked meat broth 


The original medium is known as ‘Robertson's bullock- 
heart medium’, but the following modification is recom- 
mended. It is suitable for growing anaerobes in air and 
also for the preservation of stock cultures of aerobic 


organisms. The inoculum is introduced deep in the 
medium in contact with the meat. 

When cooked meat broth is to be used as a recovery 
medium for spores, following heat resistance tests, 
or prolonged storage of cultures, the incorporation of 
a little soluble starch or serum in the medium is an 
improvement, presumably because the inhibitory effect 
of fatty acids is thus neutralized. 


Cooked meat particles 

Fresh bullock heart 500 g 
Water 500 mi 
Sodium hydroxide, NaOH, 1 mol/litre 1.5 mi 


Mince the heart, place in the alkaline boiling water 
and simmer for 20 min to neutralize the lactic acid. 
Drain off the liquid through a muslin filter and, while still 
hot, press the minced meat in a cloth and dry partially 
by spreading it on a cloth or filter paper. In this condition 
it can be introduced into bottles without soiling them. 


Peptone infusion broth 


Liquid filtered from cooked meat 500 mi 
Peptone 2.5g 
Sodium chloride, NaCl 1.25q 


Steam at 100°C for 20 min, add 1 mi pure hydro- 
chloric acid and filter. Bring the reaction of the filtrate to 
pH 8.2, steam at 100°C for 30 min and adjust reaction 
to pH 7.8. 


Preparation of complete medium 


Place meat in 30 mi bottles to a depth of about 2.5 cm 
and cover with about 15 m! nutrient broth. Autoclave 
at 121°C for 20 min. After sterilization, the pH of the 
broth over the meat is about 7.5. If test tubes are used 
the surface of the medium may be covered with a 1 cm 
layer of sterile liquid paraffin, but this is not essential. 

A tall column of meat is essential because conditions 
are anaerobic only where there are meat particles. 
There need be only sufficient broth to extend about 
1 cm above the meat. 

The use of commercially available dried meat parti- 
cles is not recommended. However, a good nutrient 
broth, ¢.g. Oxoid Unipath No. 2, serves well in place 
of the home-made peptone infusion broth described 
above. 


Thiogiycollate broth 


In addition to a reducing agent and semi-solid agar, 
this medium contains methylene blue or resazurin to 
act as an oxidation—reduction potential indicator, which 
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should show that the medium is anaerobic except in 
the surface layer. 


Any nutrient broth can be made anaerobic in this 


way. 

Yeast extract, water soluble 5g 
Casein hydrolysate, pancreatic digest 159g 
Glucose 5.59 
L-cystine 0.59 
Agar 0.75g 
Sodium chloride, NaCl 2.5g 
Sodium thioglycollate (mercaptoacetate) -0.5g 
Resazurin sodium solution, 1 in 1000, 

freshly prepared 1 ml 
Water , . 1 litre 


Dissolve the ingredients other than thioglycollate 
and resazurin by steaming at 100°C. Add the thio- 
glycollate and adjust the pH to 7.3. If there is a pre- 
cipitate, heat without boiling and filter hot through 
moistened filter paper. Add the resazurin solution, 
mix thoroughly, distribute and sterilize at 121°C for 
15 min. Cool at once to 25°C and store in the dark, 
preferably between 20°C and 30°C . Do not use the 
medium if it has evaporated enough to affect its fluidity. 
If more than the upper third is pink in colour, anaerobic 
conditions may be restored once only by steaming at 
100°C for a few minutes. 


MacConkey agar 


This is a useful medium for the cultivation of entero- 
bacteria. It contains a bile salt to inhibit non-intestinal 
bacteria and lactose with neutral red to distinguish 
the lactose-fermenting coliforms from the lactose- 
non-fermenting salmonella and shigella groups. The 
concentration of sodium taurocholate may be reduced 
to suit less tolerant organisms. The omission of sodium 
chloride from the medium prevents the spreading of 
Proteus colonies. 


Peptone 20g 
Sodium taurocholate, commercial 59g 
Water 1 litre 
Agar 20g 
Neutral red solution, 2% in 50% ethanol c.3.5ml 
Lactose, 10% aqueous solution 100 ml 


Dissolve the peptone and taurocholate (bile salt) in 
the water by heating. Add the agar and dissolve it 
in the steamer or autoclave. If necessary, clear by 
filtration. Adjust the pH to 7.5. Add the lactose and 
the neutral red, which should be well shaken before 
use, and mix. Heat in the autoclave with ‘free steam’ 
(c. 100°C) for 1 h, then at 115°C for 15 min. Pour plates. 

The medium, should be a distinct reddish-brown 
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colour. When the medium is stored for any length of 
time the neutral red indicator tends to fade. To over- 

come this the medium is made up and stored without 
neutral red, indicator being added and thoroughly 
mixed before pouring plates. 


There is a wide range of media used for blood 
culture; factors that govern the choice are discussed 
in Chapter 6. The media described here represent 
a range from which selections may be made, but 
individual variations and permutations are numerous. 
Many commercially produced media are available in 
specially designed containers. 


Brain—heart infusion broth with cooked 
meat particles (BHI/CMP) 


This medium allows the growth of nutritionally exacting 
aerobic and/or anaerobic bacteria. Brain—-Heart Infu- 
sion Broth (BHI) is distributed into bottles containing 
meat particles prepared from fresh meat as described 
for cooked meat broth medium. A 120 ml medical flat 
bottle should contain a 2.5cm layer of cooked meat 
particles overlaid with 70 ml BHi broth. Each bottie 
has a perforated metal screw cap with a black rubber 
liner. A protective foil cap is fitted over the screw cap 
before autoclaving. 

lf the filled bottles are autoclaved (121°C, 20 min) 
with the caps loose and subsequently tightened as 
soon as they are cool enough to handle so that a 
partial vacuum is created on further cooling, this makes 
the medium particularly suitable for the culture of 
anaerobes; however, small numbers of airborne con- 
taminants may be introduced during the cooling stage 
and the very low level of contamination may be missed 
at the quality contro! stage. We have found it safer to 
autoclave the bottles with the caps tight. The cooked 
meat medium is adequately reduced for anaerobic 
work by this amended procedure, but its shelf-life is 
reduced. 


Brain—heart infusion broth 


This is reconstituted from the dehydrated form ac- 
cording to the manufacturer's instructions (e.g. Oxoid, 
Unipath). The medium is not particularly suitable for the 
isolation of anaerobes. Miniature bottles (20-30 ml) of 
this medium have a place in blood culture methodology 
for young children and neonates from whom small 
volumes of blood are taken and in whom anaerobic 
pathogens are not commonly encountered. 
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For adult clinical practice, the reconstituted broth 
is distributed in 20 mi amounts into 30 ml medical flat 
bottles with perforated screw caps and rubber liners. 
Autoclave with caps tight at 121°C for 20 min. The 
exposed area of the liner in the perforation should be 
covered with a foil cap added before autoclaving. 


Thioglycollate broth 


This medium (see above) supports the growth of 
anaerobes and aerobes and has been used as de- 
scribed or in modified form by many workers for blood 
culture purposes. It is more easily prepared but slightly 
less effective than BHI/CMP medium. 


Castafeda medium 


The original medium provided both solid and liquid 
phases in one blood culture bottle for the isolation of 
brucellae from blood. A suitable version for this purpose 
is given here. It should be noted that the technique 
is applicable to any blood culture and that there are 
many other systems that now combine a solid and 
liquid phase. 

Solid phase. About 30 mi of sterile glucose serum 
agar (see above) is allowed to set with aseptic pre- 
cautions on one of the narrow sides of a sterile 4 oz 
medical flat bottle. 

Liquid phase. Sterile glucose serum broth (c. 20 ml) 
is aseptically added to each bottle when the agar has 
solidified. 

The: complete medium, in bottles sealed with a 
rubber liner and a perforated screw cap protected with 
a foil cap, should be incubated at 37°C for several 
days as a sterility check before use. 


Saponin broth 


This is a special medium for viridans streptococci which 
may be slightly sensitive to Liquoid. Citrate prevents 
clotting and saponin causes immediate lysis of the 
patient's blood. 


Sodium citrate, Na,C,;H;O07.2H.O 29 
Saponin, white (BDH) 1g 
Nutrient broth, sterile 1 litre 


This medium cannot be heated above 100°C and 
care should be taken in making it to reduce contamina- 
tion to a minimum. Dissolve the ingredients and check 
that the pH is 7.6. Distribute and heat in steam at 100°C 
for 20 min on each of three successive days. 


Liquoid broth 


Liquoid (sodium polyanetho! sulphonate) is a good 
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anticoagulant because it is generally not inhibitory and 
it has the added advantage of annulling the natural 
bactericidal action of blood. 


Liquoid solution, 5% in 0.85% NaClin water 10 ml 
Nutrient broth 1 litre 


Mix the ingredients and check that the pH is 7.6. 
Distribute and sterilize at 121°C for 15 min. 
The final concentration of Liquoid is 0.05%. 


MEDIA FOR PRESERVATION AND 
STORAGE OF CULTURES 





The choice of media used for storage or maintenance 
of bacteria is dictated by experience and takes account 
of the special requirements of the species and the 
strain. For general purposes, cooked meat broth, 
nutrient agar slopes, semi-solid nutrient agar stabs, 
blood agar or heated biood agar slopes in small screw- 
capped bottles often serve well. Special culture pre- 
servation procedures are described in Chapter 6, and 
lyophilization is dealt with in detail. 


Egg saline medium 


The modification of Dorset’s egg medium, in which 
the broth is replaced by saline and no malachite green 
is added, is good for preserving cultures of Gram- 
negative bacilli. 


Beaten whole egg 75m 
Sodium chloride, NaCl, sterile 
0.85% solution 25 mi 


Prepare the beaten egg, mix and dispense the 
medium with sterile precautions in 2-3 ml amounts in 
bijou bottles. Inspissate in a sianted position at 
70—80°C for 1h. 

lf the medium has been prepared without sterile 
precautions it can be allowed to cool for a few hours 
after inspissation and then autoclaved at 121°C for 
15 min with the screw caps tightened. If the screw 
caps are loose, some of the slants may be disrupted 
by bubbles of steam. 


TRANSPORT MEDIA 


When the patient is not close to the bacteriological 
laboratory there is a risk that the pathogen in a bacterio- 
logical specimen may not survive or may be over- 
grown by non-pathogens during the time it takes to 
transport the specimen to the laboratory. 
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Stuart’s transport medium 


This soft agar medium is used to maintain the viability 
of gonococci on swabs during their transmission to a 
laboratory. 

It is essential that the distilled water used in the 
medium be free from chlorine. To ensure this, it should 
be passed through an ion-exchange resin column 
before use. | 


Sodium thioglycollate (mercaptoacetate) 1g 


Sodium glycerophosphate 10g 
Calcium chioride, CaCl, 0.19 
Agar (Oxoid No. 1, Unipath) 6g 
Methylene blue, 0.1% aqueous 4ml 
Distilled water 1 litre 


Dissolve all the solids in the distilled water at 100°C. 
Adjust the pH to 7.3-7.4. Add the methylene blue 
solution and distribute in bijou bottles, filling nearly full. 
Autoclave at 121°C for 15 min and immediately tighten 
caps. When cool, the medium should be colourless. 

Preparation of swabs. Take swabs of absorbent 
cotton-wool on applicator sticks and boil for 5 min 
in phosphate buffer 0.07 moi/litre at pH 7.4. Shake off 
excess moisture and immerse in a 1% watery suspen- 
sion of finely powdered charcoal, such as BDH acti- 
vated charcoal, twirling until the cotton-wool is black. 
Shake off excess moisture, place in test tubes, plug 
these with cotton-wool, dry in oven. and sterilize in 
oven at 160°C for 90 min. 

Alternatively, use charcoal-treated swabs obtained 
commercially. 


Amies transport medium 


As patients dislike the use of swabs impregnated with 
charcoal in Stuart's system, Amies incorporated the 
charcoal into his modified medium, of which several 
variations are commercially produced. 


Sodium thioglycollate (mercaptoacetate) 1 
Sodium chloride, NaCl 3g 
Potassium chloride, KCI 0.29 
Calcium chloride, CaCl, 0.19 
Magnesium chloride, MgClo.6H,O 0.19 
Disodium hydrogen phosphate, Na,gHPO, 1.159 
Potassium dihydrogen phosphate, 

KHoPO, 0.2g 
Charcoal (finely powdered) 10g 
Agar (Oxoid No. 1, Unipath) 4q 
Distilled water 1 litre 


Dissolve the chemical salts and the agar in the 
distilled water at 100°C. Add the charcoal. Check 
the pH (7.2). Dispense, with regular stirring to keep the 
charcoal in suspension, into bijou bottles filled nearly 
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full. Autoclave at 121 °C for 15 min and cool. Frequent 
inversion of the bottles during cooling is needed to 
distribute the charcoal. 


Deep semi-solid thioglycollate medium 


Variations of this medium may be used for the transport 
of anaerobes (Ch. 30). 


Pike’s medium 


This medium is used to preserve Streptococcus 
pyogenes, pneumococci and Haemophilus influenzae — 
in nose and throat swabs. It is blood agar containing 
crystal violet 1-in-1 000000 and sodium azide 1-in- 
16000 distributed as for stab cultures in tubes or 
bottles. 


Glycerol saline transport medium for 
typhoid bacilli 


lf there is likely to be a delay of some hours before 
specimens of faeces for culture reach the laboratory 
this transport medium prevents other intestinal organ- 
ism from overgrowing the typhoid bacilli. 


Glycerol 300 ml 
Sodium chloride, NaCl 42g 
Disodium hydrogen phosphate, 

Na,HPQO,, anhydrous } 10g 
Phenol red, 0.02%, aqueous c.15ml 
Water 700 mi 


Dissolve the sodium chloride in the water and add 
the glycerol. Add the phosphate and steam to dissolve 
it. Then add enough pheno! red to give a purple- 
pink colour, judged by pouring a small quantity of the 
solution into a universal container. Distribute in 6 ml 
amounts in universal containers and autoclave at 
115°C for 20 min. 

The fluid should not be used if it becomes acid, 
indicated by a change in colour to yellow. 


Identification of culture media 


Many methods of identifying and labelling culture 
media in their containers include the use of marking © 
ink and colour codes, etc. For further details, see 
Medical Microbiology, 12th Edition, 1975, Volume 2, 
Chapter 5, p 146. 


STORAGE OF CULTURE MEDIA _ 


Prepared sterilized media in individual screw-capped 
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SPECIMEN COLLECTION, CULTURE CONTAINERS AND MEDIA 5 


bottles (e.g. broths and nutrient agars) can be stored 
at room temperature for weeks, but some deterioration 
is likely to occur. Poured plates of agar media held 
on the bench deteriorate quickly and are often 
contaminated. 

it is essential to have some form of cold storage in 
the laboratory for the preservation of blood, serum and 
culture media. 

For the smaller laboratory, one of the domestic 
refrigerators of 1-2m° capacity is suitable; larger 
laboratories require a correspondingly larger cabinet, 
or an insulated cold room with the refrigerating plant 
outside. The temperature should be maintained 
between 4-5°C (39-—41°F); it should never be so low 
as to cause freezing, as this may be detrimental. 

Plates of agar media can be held for short periods 
not exceeding 7-10 days, but note that changes in 
hydration with concentration of ingredients may occur, 


FURTHER READING 


Historical references to bacterial culrure procedures and 
culture media are given in the 13th and earlier editions of 
this book. 


References to special media are given in relevant chapters 
of the present edition. 

The following books are recommended for further reading: 
Collins C H, Lyne P M, Grange J M 1994 Microbiological 

methods, 7th edn. Butterworth, Oxford 


the pH may alter, the Eh changes, and bacterial or 
fungal contamination can be a problem. 

Itis also convenient to have ‘deep freeze’ refrigerators 
working at low temperatures in the range —10 to -40°C 
for the preservation of sera and made-up solutions of 
labile preparations such as antibiotics and amino acids. 
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QUALITY CONTROL 


it is essential to monitor the quality of culture media at 
all stages in their preparation and use. The detailed 
checks to be made on the quality of the ingredients, 
the final product and the performance of a medium are 
described in Chapter 1. Note that it is not enough 
to rely upon the assurances of the manufacturers of 
ingredients or the external suppliers of complete media 
in this context. 


Difeo Manual 1984 10th edn. Difco Laboratories, Detroit, 
Michigan, USA (11th edn. in preparation) 

Lennette E H, Balows A, Hausler W J, Shadomy | 1990 
(eds) Manual of clinical microbiology, 5th edn, American 
Society for Microbiology, Washington 

Merck Microbiology Manual 1990 E Merck, Darmstad, 
Germany - 

The Oxoid Manual, compiled by E. Y. Bridson, 1990 6th 
edn. Unipath Ltd, Basingstoke, UIK 
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General methods of culture and preservation of 
microorganisms are described here. Special methods 
applicable for particular purposes are referred to 
elsewhere in the appropriate chapters. Personal safety 
precautions are described in Chapter 3. 


INSTRUMENTS USED TO SEED 
CULTURE MEDIA 





The instrument is chosen according to the nature 
of the medium and inoculum. Inoculating wires are 
widely used. The original type of inoculating wire 
was of platinum, No. 23 SWG, 2 in (6.5 cm) long, 
but ‘Nichrome’ or ‘Eureka’ resistance wire, No. 24 
SWG, is now generally used. However, nichrome 
is oxidizing and either stainless steel or platinum- 
iridium is a better choice for work with anaerobes. 
One end of the wire is inserted into a special 
aluminium holder. 

The wire is sterilized by holding it almost vertically 
in a Bunsen flame so that the whole length becomes 
red-hot at the same time. A wire charged with 
particulate growth, such as that of the tubercle 
bacillus, should be sterilized in a loop incinerator, or 
a hooded Bunsen burner (Fig. 6.1) to avoid spurting 
of particles of unsterilized culture from the wire onto 
the bench. 

Loop. This is a flat, circular and completely 
closed loop of 2-4 mm internal diameter mounted 
on a handle. It is the most useful of the inoculating 
wires. It takes up a considerable amount-of solid 
culture or a large drop of liquid. Ready-made wire 
loops can be purchased. Pre-sterilized disposable 
loops and other applicators made of plastic are com- 
mercially supplied in packs. They are particularly 
convenient for work in containment cabinets and 
anaerobic work stations, etc., where Bunsen burners 
cannot be used. 

Straight wire. This is used for stab cultures and 
also for picking off single colonies. 





Fig. 6.1 A Bunsen bumer hooded with a metal tube to avoid 
spurting of unsterile particles during flaming of a charged wire 
loop. 


Thick wire (c. No. 60 SWG). Used as a loop, 
this is more rigid and is very useful for lifting thick 
viscid sputum; as an L-shaped wire, it is used to 
handle tenacious growths such as fungal colonies. 

Scalpel. A sterile scalpel is used for making 
inoculations with scrapings from tissues and ulcers. 

Sterile pipettes. Graduated 1 ml or 10 ml! glass 
pipettes or disposable glass or plastic pipettes are 
used for liquid inocula between 0.1 and 10 ml. 
Because of the danger of infection, pipettes must 
not be placed in the mouth, but must be operated 
by a device. 

Sterile capillary pipettes can be made by heating 
the middle of a piece of glass tubing of 5 mm bore 
and 20cm long in a hot Bunsen flame; when the 
glass has softened, the two ends are pulled out and 
a thin capillary is produced in the middle. This 1s 
nicked with a carborundum disk and broken and two 
pipettes are obtained. It is important to start with 
lengths of tubing that have had their ends smoothed 
by rotation in a hot flame, otherwise injuries fre- 
quently occur when teats are being fitted. These 
pipettes are useful for the sterile transfer of liquid in 
volumes that do not need to be measured accurately. 

Plastic pipettes, ptpette tips, constant volume pipettes, 
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repeater pipettes. These and related commercially 
available devices for the dispensing of a range of 
small volumes of fluid with accuracy and safety are 
widely used and for many purposes have replaced 
glass pipettes, 
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The bench should be free from dust and. wiped with 
disinfectant at least before the start and at the end 
of each day’s work. Air currents should be rediced 
to a minimum by closing windows and doors and 
restricting the movement of people in the room. 
During inoculation, a culture medium should be 
uncovered for only a few seconds. The following de- 
scription applies to operators who are right-handed. 

Place the lighted Bunsen burner and inoculating 
instruments to the right of the bench, and cultures 
and media to the back and the left. Plate cultures 
and unseeded plates should be placed with the lid 
on the bench and the bottom containing the medium 
uppermost. The caps or plugs of tubes and bottles 
should be loosened for easy removal. 

Media to be seeded should be labelled at this 
stage, indicating the inoculum and the date, with a 
glass-marking pen or pencil or self-adhesive label. 
Labelling should be done on the bottoms of Petri 
dishes, on tubes and on bottles rather than on lids 
or caps which can be mistakenly placed on other 
cultures. Labels should be checked for accuracy 
while media are being seeded. 

During inoculation the right hand holding the 
inoculating instrument charged with culture material 
from the specimen should be moved as little as 
possible and the left hand should bring the media 
to it. 


Seeding a plate 


It is better to use a loop to seed a plate as a straight 
wire cuts the agar. | 

Lift the bottom of the Petri dish containing 
medium from its lid with the left hand and hold 
it round the side with thumb and middle finger. 
In most cases the method of plating-out shown in 
Figure 6.2 is employed. The inoculum is smeared 
thoroughly over area A to give a ‘well-inoculum’ or 
‘well’. The loop is re-sterilized and then drawn from 
the well in two or three parallel] lines on to the fresh 
surface of the medium (B, B, B); this process is 
repeated as shown, care being taken to sterilize the 
loop, and cool it on unseeded medium, between each 
sequence. At each step the inoculum is derived from 
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Fig. 6.2 The commonly adopted pattern of plating-out on solid 
medium. The area Ais the well, and successive series of 
strokes B, C, D and E are made with the loop sterilized between 
each sequence. 


the most distal part of the immediately preceding 
strokes. Another quicker method of achieving 
a dilution of the inoculum that is high enough to 
yield separate colonies is to change to a 4mm loop 
after spreading the well, sterilize it and use one side 
of the loop to spread an area B and the other side 
as a fresh sterile surface to make a succession of 
several strokes across the plate as shown in Figure 6.3. 

When the inoculum is small or the medium is 
selective it can be more heavily inoculated (Fig. 6.4). 
Several loopfuls of the specimen are used to spread 
the well (A); the loop is re-sterilized in a flame, 
recharged by rubbing it over area A and then used to 
seed the remainder of the plate by successive parallel 
strokes, B, C and D, drawn in the directions indi- 
cated in the diagram. When this method is used with 
small inocula or selective media, well separated 
colonies can be obtained from a heavy inoculation 
except, of course, in the well of the plate. 





Fig. 6.3 An alternative plating procedure in which one edge of 
a larger loop is used to make a secondary well B. The other 
edge is then used to make a succession of strokes across the 
remaining unseeded area. 
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Fig. 6.4 A plating procedure used when the inoculurn is scanty 
or when a highly selective medium is used (see text). 


Subcultures from liquid media may be distributed 
with a spreader. This is made by bending a piece 
of glass rod of 3 mm diameter at a right angle in the 
blowpipe flame, the short limb used for spreading 
being 2 cm long. Spreaders may be sterilized in the 
hot-air oven. Alternatively, a sterile glass capillary 
pipette or a capillary tube held horizontally may be 
heated about 1 cm from its tip in the pilot flame of 
a Bunsen burner. As the glass softens, the end of 
the pipette bends at right angles and this forms a 
spreader. The inoculum is placed on the plate with 
an inoculating loop or capillary pipette and then, with 
a sterilized spreader, it is evenly distributed over 
the surface. If a large inoculum is used, incubation 
will result in a confluent growth called a ‘lawn’, 
Media seeded in this way may be used for disc diffu- 
sion tests for assessing sensitivity to antibiotics and 
other chemotherapeutic agents or for phage typing. 

Plating machines are commercially available for 
the automation of this procedure. The pattern of 
the rotary seeding procedure may be in spiral form 
with discrete colonies developing at the central or 
peripheral end of the track. A variation of this rotary 
approach is used as a routine for the Stokes’ proce- 
dure in antimicrobial sensitivity testing (Ch. 8). 

After the plate has been seeded, the bottom of 
the Petri dish is returned to its lid and the loop is 
flamed or the capillary pipette is discarded into a 
jar of disinfectant, care being taken to fill the pipette 
with the disinfectant. Plates are incubated in the 
inverted position with the lid underneath. 


Seeding a tube fitted with a plug or cap, 
or a bottle with a screw cap 


It is unwise to attempt to manage more than one 
tube and its cap at a time. The sarne applies to bottles 
with screw caps because of the need for a screwing 
action to remove them. 
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In addition, when all tubes had cotton-wool plugs 
it was the practice to flame the mouths of all tubes 
before and after any manipulation, because the rims 
of tubes were not covered by plugs and were pro- 
bably contaminated; in replacing the plug, organisms 
could be pushed down from the rim into the tube. 
The situation is quite different with meta! caps and 
screw caps. Accordingly, flaming of the mouths of 
tubes and bottles is not done as a routine, though the 
practice should be observed after any manipulation 
with a container that has a cotton-wool plug. 

Pick up the tube or bottle with the left hand and 
remove the cap or plug with the crooked third and 
fourth fingers of the right hand. Slopes of solid media 
are seeded by lightly smearing the surface of the 
agar with the loop or wire in a transverse zig-zag 


. pattern taking care not to cut the agar. Stab cultures 


in solid media are inoculated by plunging the wire 
into the centre of the medium and withdrawing It in 
the same line to avoid splitting the medium. Liquid 
cultures are usually inoculated from a solid medium 
by inclining the tube or bottle at an angle of about 
45° and depositing the inoculum on its wall above 
the surface of the liquid at its lower end, When the 
container is returned to the vertical position, the 
inoculum is below the surface of the liquid. Capillary 
pipettes or loops may be used for inoculation from 
liquid media. 

After inoculation withdraw the loop, wire or 
pipette. Flame the mouth of the tube if it has a 
cotton-wool plug. Replace the cap or plug and return 
the tube or bottle to its place, at the same time 
flaming the loop or wire or discarding the pipette 
into disinfectant as described above. Check that the 
cap or plug has been replaced firmly. 


Shake cultures 


These are made by melting nutrient agar in a test 
tube, cooling it to 45°C and inoculating it while 
molten from a liquid medium with a drop from a 
capillary pipette or a wetted straight wire, depending 
on the desired size of inoculum. Withdraw the pipette 
or wire and flame the mouth of the tube if it has 
a cotton-wool plug. Replace the cap or plug and 
discard the pipette into disinfectant or flame the wire. 
Mix the contents of the tube by rotation between the 
palms of the hands before the agar solidifies. 


Seeding several tubes and boities of 
media from a single colony 


As in tests for the identification of enterobacteria, 
it is best to use a wire to pick a single colony. The 
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media are arranged in order for inoculation, firstly 
liquid media without carbohydrate, such as peptone 
water, then liquid media containing carbohydrate, 
then solid media for stab culture such as motility test 
medium. The wire charged with inoculum is lightly 
touched on the moist wall of each tilted liquid 
medium in turn, then streaked lightly on the solid 
media and plunged into the deep cultures, and then 
it is flamed. 


Multiple spot inoculation on plates 


When large numbers of test strains or reagents are 
to be spot inoculated on to specially prepared media, 
as In procedures such as phage typing, bacteriocin 
testing and sensitivity testing, it is convenient to use 
a multipoint inoculating device. This may be a 
hand-held simple array of inoculating loops or points 
or a mechanical multiple inoculator. The multiple 
points are charged in wells arranged in a fixed 
pattern and this is transferred to a plate bearing an 
orientation mark so that the individual loci can be 
subsequently identified. 
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AEROBIC CULTURE > 


Incubation of cultures at 37°C is standard practice 
in the culture of bacteria pathogenic to man. 

Other temperatures for incubation are 43°C for 
campylobacters, 30°C for cultivating leptospires and 
some bacteria, 25~—28°C for many fungi, and 22°C 
(‘cool incubator’) for some fungi and for gelatin 
cuitures. Incubators may be heated by electricity, gas 
or oil, according to the facilities of the laboratory. In 
many countries, 2 coupled cooling system is needed 
when the ambient temperature rises above 37°C. 

Some laboratories have a warm room kept at 
37°C by gas or electricity in which large quantities of 
material can be incubated. The room has a regulating 
mechanism similar to that of the ordinary incubator 
to keep the temperature constant; if electrically 
heated it should be fitted with a device to cut off 
the current for the room at the main switch if the 
temperature nses above 40°C. 

In order to prevent drying of the medium when 
prolonged incubation is necessary, as in the cultiva- 
tion of the tubercle bacillus, screw-capped bottles 
should be used instead of test tubes or plates. 


Culture in an atmosphere with added 
carbon dioxide 


Some organisms, such as Brucella abortus and 
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capnophilic streptococci, require extra CO, in the 
air in which they are grown and others, such as the 
pneumococcus and gonococcus, grow better in air 
supplemented with 5-10% CQO,. Anaerobic jars 
used in this way must not contain a catalyst and 
should not serve such a double role as their efficiency 
is prejudiced; dedicated ‘CO, jars’ should be used. 
The required amount of air is withdrawn with a 
vacuum pump and replaced with CO, from a cylin- 
der or football bladder as described for anaerobic 
culture below. An alternative approach for small 
numbers of cultures is to use a CO,-generating kit 
such as those produced by Unipath or BBL. CO, 
incubators which provide a predetermined and regu- 
lated amount of CO, in a suitably humid atmosphere 
are commercially available; they are a preferable 
approach and should be in general use. 

Whichever method is used, screw caps on con- 
tainers of liquid media must not be tight and should 
preferably be replaced by a closure that allows entry 
of CO,. Petn dishes should be vented. 


CULTURE INA MICROAEROPHILIC 
ATMOSPHERE 


For the culture of truly microaerophilic species such 
as Campylobacter jejuni and Actinomyces israelii, an 
atmosphere of 5—7% O, is needed. This can be done 
by an evacuation replacement method with N, as 
the major replacement gas and 5—10% CO, . 

Convenient commercial alternatives such as the 
Campy-Pak system (BBL) or the Campylobacter 
Gas Generating Kit (Unipath) are available. 


ANAEROBIC CULTURE 

Obligate anaerobes will not grow from small inocula 
unless oxygen is absent and the Eh of the medium 
is low. Prompt and reliable growth of anaerobes 
demands care in their handling and incubation. Ex- 
posure of the organisms to atmospheric or dissolved 
oxygen must be kept to a minimum, and drying of 
a specimen while in transit, for example on a swab, 
must be avoided. The routine use of an anaerobic 
cabinet or anaerobic gas-flushing system is not essen- 
tial in clinical bacteriology, and the simple anaerobic 
jar used in conjunction with a standardized anaerobic 
procedure (or a controlled commercial alternative) 
still serves a very useful role (see Watt et al 1974). 
Nevertheless, anaerobic cabinets have many advantages 








and greatly facilitate the work of a busy laboratory 
(see below). ’ 

Freshly steamed liquid media are at least tem- 
porarily anaerobic. This principle is used when deep 
nutrient agar with 0.5% glucose is seeded with mini- 
mal shaking and solidified rapidly by placing the 
tube in cold water. Colonies of anaerobes develop 
best in the depth of the tube, becoming fewer 
and smaller towards the surface. Usually there 1s no 
growth of strict anaerobes in the top centimetre of 
medium. 

Liquid media-soon become aerobic unless a re- 
ducing agent is added. Reducing agents include 
glucose 0.5—1%, ascorbic acid 0.1%, cysteine 0.1%, 
sodium mercaptoacetate or thioglycollate 0.1%, or 
the particles of meat in cooked meat broth. The 
effectiveness of reducing agents can be increased 
by making a liquid medium semi-solid with dgar 
0.05-0.1%. 

Liquid media should be ‘pre-reduced’ by holding 
in a boiling water bath for-10 min to drive off dis- 
solved oxygen, then quickly cooled to 37°C just 
before use; sterile preparations of heat-labile ingre- 
dients should be added after this heat treatment. 
Alternatively, liquid or semi-solid media can be 
prepared in screw-capped tubes or bottles and, after 
adding heat-labile components and loosening the 
cap, can be ‘pre-reduced’ and sterility tested by 
incubation anaerobically at 37°C for at least 24h. 
Caps should be tightened before removal from an 
anaerobic cabinet (if removal is required), or re-tight- 
ened immediately after removal from an anaerobic 
jar. Cooked meat broth (Ch. 5) has a special place 
in anaerobic bacteriology, and thioglycollate broth 
and its modifications are also very useful. For the 
routine surface culture of anaerobes of medical im- 
portance, freshly poured or ‘pre-reduced’ blood agar 
incorporating a good base is recommended and 10% 
CO, should be present in the anaerobic atmosphere. 
After inoculation, both liquid and solid media should 
be incubated anaerobically with 10% CO, at 37°C, 
in jars processed by a standard evacuation proce- 
dure or with a proprietary gas generator or oxygen 
adsorbing envelope (Gaskit, Unipath; Gaspak, BBL; 
or AnaeroGen, Unipath), or in an anaerobic cabinet, 
as described in detail below. 

Care must be taken to achieve pure cultures. For 
subsequent tests, a single colony is then picked with 
an inoculating loop to a tube of pre-reduced cooked 
meat broth (CMB) and incubated anaerobically 
for 24h, or until good growth is seen. ‘This starter 
culture is used to seed all other test media, the 
inoculum being one drop from a Pasteur pipette 
(0.02-0.03 ml). Results from most tests can be read 
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after 24 or 48h incubation, but it may take up to 4 
days to obtain reasonable growth of some organisms. 
Tests for pigment production should be incubated 
for up to 7 days, and for gelatin digestion for up to 
14 days before being considered negative. Some 
anaerobes are killed if the plates on which they 
are beginning to grow are exposed to atmospheric 
oxygen before visible colonies form. 


Anaerobic incubation 


For cultures of anaerobes, oxygen must be removed 
from the atmosphere, either by using it for com- 
bustion or by replacing it with an inert gas. It ts 
recommended that all media for growth of anaerobes 
should be incubated under strictly anaerobic con- 
ditions. A technique of repeated evacuation of jars 
and filling with an inert gas such as nitrogen is 
popular in the USA. This flushing method tends to 
dehydrate cultures and it is not suitable for very 
strict anaerobes. 

Unipath’s recently introduced oxygen-adsorbing 
envelope (AnaeroGen) removes oxygen from the 
atmosphere in anaerobic jars. The process does not 
produce hydrogen and does not require catalysts. 
It produces 10% CO, in the anaerobic atmosphere 
and the manufacturers claim that no hazardous 
substances are used. At present, in most laboratories, 
the removal of oxygen by combustion is nearly always 
achieved by combining it with hydrogen to form 
water in the presence of a palladium catalyst. Deoxo 
pellets, in which palladium is coated on alumina, 
have now replaced palladiumized asbestos. Deoxo 
pellets and jars incorporating them as a room~- 
temperature catalyst are produced commercially. 

The following procedure is recommended ({Collee 
et al 1971) to provide anaerobiosis with an in- 
creased concentration of carbon dioxide in these 
jars (Fig. 6.5) as CO, enhances the growth of many 
clinically important anaerobes on solid media (Watt 
1973). Where regulations prevent the use of gas 
mixtures containing more than 10% hydrogen, a 
similar evacuation procedure can be done using a 
mixture of 10% hydrogen + 10% CO, + 80% nitro- 
gen; after confirming catalytic activity, the jar is 
evacuated and filled a second time before incuba- 
tion. The jar (c. 20 x 12.5.cm) should be made of 
metal or robust plastic with a lid that can be clamped 
down on a gasket to make it airtight. Glass jars have 
been used in the past, but, as explosions occasionally 
occur, their use is not justified. The lid is furnished 
with two tubes and valves. One or more capsules 
containing 3-5 g of palladiumized alumina pellets 
are suspended under the lid. 
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(2) Admit (90% Hz + 10% CO») or (10% Hs + 10% CO, + 80% No) mixture from 


cylinder via a bladder until gauge registers ZERO 





“— Gas cylinder 


Football 
bladder 


(3) Close valves V and H 


(4) Leave jar at room temperature 


for 10 min 


(6) Open valve V and confirm secondary vacuum of at least -20 mmHg 


on gauge 


>20 V H 





=—() Admit ( 90% Hy + 10% CO.) mixture to equilibrate and close 
valves; or, if 10% H2 mixture is used, repeat Steps 1-3. Incubate jar 


Fig.6.5 A standardized procedure for setting up an anaerobic jar fitted with a ‘room-temperature’ catalyst. 


The most convenient source of hydrogen and 
carbon dioxide, either individually or as a mixture, 
is cylinders of the compressed gases supplied com- 
mercially and fitted with reducing valves to deliver 
the gases at a low pressure (e.g. 2-3 Ib/in?) via 
football bladders to the jars (see Fig. 6.5). Hydrogen 
generators are commercially available as a safer 
alternative to holding hydrogen-containing gas cylin- 
ders in the laboratory. Petri dishes with the medium 
uppermost and lid downwards are placed inside the 
jar. Vented Petri dishes should be used, as sealing 
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of the lid to the bottom of an unvented Petri dish 
by condensation moisture during evacuation of the 
jar interferes with removal of oxygen from inside 
the Petri dish. After putting the plates into the jar, 
the lid is clamped on. Approximately 6/7 of the air 
is evacuated (pressure reduced to 100 mmHg, i.e. 
660 mm below atmospheric) and this is monitored 
on a vacuum gauge. The pump is disconnected and 
the reduced pressure is brought up to 160 mmHg 
(600 mm below atmospheric) with CO, and then to 
760 mmHg (i.e, atmospheric) with hydrogen from 
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separate rubber bladders (or from one bladder with 
the gas mixture), monitored on the vacuum gauge. If 
a (90% H, + 10% CO,) or (10% H, + 10% CO, + 
80% N,) gas mixture is used, the pressure is thus 
brought to atmospheric in a single step. The inlet 
valve is closed and the jar is held on the bench for 
10 min. If the catalyst is normally active, a decrease 
in pressure of at least 20 mmHg occurs within the 
10 min period after the admission of hydrogen; this 
can be detected on the gauge when the valve V is 
opened. If a pressure decrease of less than 20 mmHg 
occurs then the catalyst must be replaced and the 
jar evacuation procedure restarted. Depending on 
the gases or gas mixtures used, more hydrogen or 
gas mixture is then introduced to equilibrate the 
pressure; if 2 10% H, gas mixture is used, the jar is 
evacuated and filled a second time. The jar is then 
incubated at 37°C. 

The catalytic activiry of the palladium may be 
seriously impaired by moisture, and inactive palla- 
dium sulphide may be formed from hydrogen sul- 
phide evolved by cultures in the jar. When this 
happens, heating the sachets at 160°C for a few 
hours can rejuvenate the catalyst. There is no pre- 
cise information about the best relationship between 
the concentrations or amount of palladium on 
palladiumized alumina pellets and the volume of 
the jar. An awareness of this problem has always been 
apparent, from McIntosh & Fildes (1916) who said 
that a larger jar required more palladium, to Collee 
et al (1971) who used three capsules (i.e. 3 g) of 
palladiumized alumina pellets in each jar. 

Cultures on solid media for anaerobic incubation 
should be put in an anaerobic jar as soon as they are 
seeded. Many non-sporing anaerobes are readily 
killed by exposure to air and, even with clostridia, 
spores cannot be relied on to compensate for the 
toxicity of air to vegetative cells (Watt 1972). 

A more expensive but important alternative to 
this procedure, especially in laboratories where 
facilities and experience in anaerobic bacteriology 
are limited, is the ‘“Gaspak’ system (BBL) devised 
by Brewer & Alligeier (1966). This is marketed by 
Becton Dickinson. Controlled trials have shown it 
to be satisfactory for the cultivation of a wide variety 
of anaerobes of clinical importance when it was used 
with the Baird & Tatlock anaerobic jar. Water is 
added to a disposable aluminium foil packet con- 
taining pellets of sodium borohydride and cobalt 
chioride and of citric acid and sodium bicarbonate; 
the packet is immediately put in the jar and its lid 
is secured. Reactions then take place to supply 
hydrogen and carbon dioxide. 

The complete Gaspak system comprises a trans- 
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parent polycarbonate anaerobic jar and a plastic lid 
fitted with a screened catalyst chamber containing 
palladiumized alumina pellets. ‘There are no taps in 
the lid to allow evacuation of the jar, and no vacuum 
pumps or cylinders of compressed gas are required. 
An anaerobic indicator is necessary to check the 
activity of the palladium catalyst. 

The Gaskit (Unipath) is a similar development 
and is said to yield a more assured volume of carbon 
dioxide. 


The Hungate procedure 


More meticulous anaerobic methods to prevent 
access of air to media during preparation, inoculation 
and incubation have been developed. One of these 
methods, the manipulation of all these procedures 
under oxygen-free gas, was pioneered in 1950 by 
Hungate (see Hungate 1969). Surface colonies are 
grown in roll tubes in which a thin layer of agar 
coats the inside of the tube. The medium must be 
transparent for surface colonies to be visible, and this 
precludes the use of blood agar. 


Anaerobic cabinets 


Anaerobic cabinets are commercially produced for 
the processing of specimens and the subsequent 
incubation of cultures and subcultures in an oxygen- 
free atmosphere enriched with 5—10% CQO,. They 
have the advantage that all of the processing, includ- 
ing periodic examination of plates and preparation 
of subcultures, can be done without exposure to 
oxygen. They allow both large and small numbers 
of cultures to be promptly incubated anaerobically, 
and make pre-reduction of media easy. 

These cabinets variably incorporate some, or all, 
of a number of desirable features including 37°C 
incubator, bare-handed or fixed-glove operation, 
electrical outlets, humidity control, atmosphere 
cleansing, safety controls, and a small sample transfer 
facility to economize in gas usage. Several important 
points merit consideration when operating anaerobic 
cabinets: 

(a) A supply of anaerobic jars or a second anaero- 
bic cabinet are necessary back-ups in the event of 
breakdown of the operational cabinet. 

(b) Good maintenance is essential to keep the 
cabinet leak-proof, and the catalyst must be re-activated 
regularly. 

(c) Some cabinets use methylene blue to monitor 
anaerobiosis. This indicator becomes colourless at 
+11mV whereas anaerobes require a much lower Eh 
to grow. Other indicators are available (see Ch. 47), 
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ideally an Eh-measuring electrode and meter should 
be used. 

(d) The sleeves on bare-hand operated cabinets 
must be a tight fit around the operator’s arms to 
prevent ingress of air. 

(e) Gas consumption can be high if separate small 
loads are transferred into a cabinet that is not fitted 
with a small sample transfer port. This can be ex- 
pensive, especially when gas mixture cylinders are 
used. Suppliers of cabinets include Whitley, Forma, 
Gallenkamp, Horwell, and MDH. 


ISOLATION OF PURE CULTURES 


Most studies and tests of the physiological, sero- 
logical and other characters of bacteria are valid 
only when made on a pure culture, 1.e. the growth of 
a single strain, free from mixture and contamination 
with other bacteria. For this reason, in the diagnostic 
examination of mixed infective material, an essential 
preliminary 1s the isolation of the pertinent organism 
in a pure culture. Several techniques are available: 


Plating out on a solid culture medium 


The solid medium most used is nutrient agar, either 
plain or ennched and usually dispensed as plates. 
In order to ensure growth of discrete colonies, the 
surface of the medium must be dry. The infective 
material is inoculated on the surface by one of the 
methods described above so that bacteria are ulti- 
mately deposited singly. Where the bacteria are at a 
sufficient distance from each other the whole pro- 
geny of each accumulates locally during growth to 
form a discrete mass, or colony, which is readily 
visible to the naked eye. Each colony is presumed 
to be a pure culture, consisting exclusively of the 
descendants of a single cell; it may be picked with 
a sterile wire to prepare a pure subculture in a fresh 
medium. 

In picking off single colonies, particularly when 
they are very close to one another, care must be taken 
that the point of the wire does not touch any of the 
neighbouring colonies. The culture should first be 
looked at through the medium held up to the light 
with the lid removed. Occasionally a mixed colony is 
formed from two bacteria that have been inoculated 
close together on the agar or that grow in association, 
e.g. aerobe and anaerobe. If there is any doubt as 
to whether a pure colony has been obtained for 
picking, the colony should be replated immediately 
on a fresh plate and a single colony picked from this 
second plating. A culture should not be assumed to 
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be pure unless a subculture from a single colony has 
been plated, found to be pure and picked again from 
a single colony on the pure plate._ | te 
Plate culture microscope. Several makers produce 
low-power binocular magnifiers which are extremely 
useful for examining plate cultures of organisms; 
these have a long working distance so that one can 
pick the colony off the plate while using the instru- 
ment. When dealing with bacteria forming small 
delicate colonies, or where the colonies of the 
desired organism are few in number, the low-power 
binocular is invaluable. A magnification of 10 diam- 
eters is useful for general work, but with interchange- 
able eye-pieces and objectives, an instrument with 
magnifications from 6-30 diameters is available. 


Use of selective, enrichment or indicator 
media 


Selective media, such as tellurite media for the diph- 
theria bacillus, have been devised so that the majority 
of organisms likely to be associated with those for 
which the media are used will not grow, and the 
isolation of pure cultures is thus facilitated. The risk 
of contamination of single colonies from selective 


‘media 1s high because bacteria that do not grow may 


survive under colonies and grow in subcultures, 

Enrichment media, such as selenite broth for 
Salmonella spp, favour the multiplication of particular 
species as a step towards their isolation in pure 
culture. 

Indicator media, such as Willis and Hobbs medium 
for Clostridium spp, contain ingredients that change 
in appearance with particular organisms and so assist 
their isolation. 


Use of selective growth conditions 


The temperature and atmosphere chosen for a 
culture automatically preclude the growth of many 
bactena. Incubation at 37°C, used for most medi- 
cally important bacteria, is too warm for some air 
contaminants, which subsequently appear as colonies 
when plates are kept at room temperature. Some 
pathogens are selectively favoured by growth at 
temperatures above 37°C. Strict anaerobes will not 
grow in air and most facultative anaerobes grow 
less vigorously under anaerobic than under aerobic 
conditions. 


Selective treatment of the specimen 
before culture 


Heating at 65°C for 30 min or at higher temperatures 
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for shorter periods can be used to separate spores 
from vegetative bacilli but there is no guarantee that 
spores will germinate under subsequent cultural 
conditions. Sputum for culture of tubercle bacilli is 
treated with a chemical, such as NaOH | mol/litre or 
saturated trisodium phosphate, to kill accompanying 
bacteria. 


Animal inoculation 


In the past, advantage was regularly taken of the 
fact that laboratory animals are highly susceptible 
to certain organisms — for example, the mouse to the 
pneumococcus. If a mixture of organisms containing 
the pneumococcus, e.g. in sputum, is inoculated 
subcutaneously into a mouse, the animal dies of 
pneumococcal septicaemia in 12-48h and the 
organism can be obtained in pure culture from the 
heart blood. Similarly, the tubercle bacillus can be 
isolated from contaminating organisms by inocula- 
tion of an infected specimen into a guinea-pig. 
The tubercle bacillus is found in a pure state in the 
resulting lesions. Advances in the development of 
culture media have now restricted the requirement 
for animal work to specialist centres. 


BLOOD CULTURE 





In most bacterial infections of the blood in man the 
organisms are not numerous and it 1s essenual for 
their demonstration by blood culture that a relatively 
large amount of blood is sampled; a number of 
samples should be collected on separate occasions 
before antibiotic treatment if the condition of the 
patient and the urgency of the situation allows this 
(see below). For practical reasons in adult clinical 
practice, it is usual to withdraw 10-20 ml of blood 
aseptically and to add up to 10 ml amounts to each 
of two 50 ml volumes of different media. This is 
referred to as a ‘set’ of media. | 


Collection of sample 


To minimize difficulty in interpretation, every care 
must be taken to prevent contamination of the 
specimen during its collection from the patient and 
its examination in the laboratory. 

Those collecting the specimens should know how 
to disinfect the skin over the vein, to use a fresh sterile 
syringe and needle for each venepuncture, and to 
replace the needle used for the venepuncture with 
a fresh sterile needle before inoculating the blood 


into the culture bottles; in the latter procedure, they 
should hold the needle by its butt, not the shaft, with 
sterile forceps or with sterile gloved fingers, and they 
must take care to avoid contaminating themselves 
or the outside of culture bottles with potentially 
infective blood. Operators should appreciate that 
contamination is common if the sample is collected 
from an indwelling peripheral venous catheter or 
a long central venous line because these lines often 
become colonized with skin commensal! bacteria. 


Number of samples taken 


It is generally agreed that two or three samples may 
be taken at intervals of several hours, but the strategy 
is dictated by clinical considerations and the degree 
of urgency to start antimicrobial treatment. In a 
non-acute situation, up to six or more samples may 
be taken over the course of several days. It is not 
necessary to time the sampling to coincide with a 
rising spike of fever, as used to be taught. 


Dilution of the sample 


The blood is diluted between 1 in 5 and] in 10 in 
the culture medium to reduce the concentration of 
natural antimicrobial constituents to a sub-effective 
level. 


Antibiotics in the blood 


Every attempt should be made to collect samples 
before antibiotic therapy. In patients receiving anti- 
biotics, the timing of the collection of the sample to 
just before the next dose is more valuable than an 
attempt to remove the antibiotic from the sample. 
Nevertheless, supplements are available to reduce 
an antibiotic effect. For example, para-aminobenzoic 
acid used to be added routinely to blood culture 
media to neutralize any sulphonamide administered. 
A broad-spectrum beta-Jactamase may be added 
to the culture bottle if the patient is receiving a 
penicillin or a cephalosporin. Special blood culture 
media are commercially available that contain resins 
that are said to be capable of inactivating a variety of 
antibiotics (Marion). 


Culture systems 


A choice has to be made between (1) the traditional 
system of examining blood cultures by preparing 
smears and subculturing after different periods 
of incubation, and (2) an automated system that 
monitors the culture for an early sign of bacterial 
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growth such as a change in electrical impedance or 
the release of radioactive CO, or non-radioactive gas. 

If the traditional system is to be used, decisions 
have to be’ made about the nature and numbers of 
culture media to be seeded from each sample, the 
methods of incubation and the frequency of exam- 


ination of the cultures in the laboratory, and the 


methods to be adopted for examining smears and 
making subcultures. In addition, consideration must 
be given to arrangements for instructing those charged 
with taking the samples and for getting the bottles 
incubated expeditiously. There are many advantages 
in having the help of a trained phlebotomist to take 
the samples and to liaise between the patient, the 
clinicians and the laboratory. 


Traditional or conventional system 


Blood culture bottles 


Broth (c. 50 ml) for blood culture is generally dis- 
pensed in a special flat or round blood culture 
bottle of about 100—120 ml capacity and fitted with 
a screw cap with a central hole giving access to a rub- 
ber or neoprene washer seal. An adequate space 
above the broth ensures that the blood is not injected 
under undue pressure and that some air is still 
available for strict aerobes. Smaller bottles are used 
for neonates and young children, from whom appro- 
priately smaller volumes of blood are taken. The 
bottle cap and the exposed part of the washer are 
protected by foil which is removed immediately 
before the blood is inoculated by inserting the syringe 
needle through the washer. 

To maximize the chances of detecting scanty 
bacteria, 10-20 ml of blood should be collected and 
half of the sample should be inoculated into each 
of a ‘set’ of two culture bottles which may contain 
different media and may be incubated in different 
atmospheres. 

Various commercial devices are available as sub- 
stitutes for the conventional blood culture bottle. 
For example, the Vacutainer Culture Tube System 
(Becton Dickinson) allows blood to be sampled 
directly into a partially evacuated 50 ml bottle con- 
taining one of a range of supplemented media for 
the culture of aerobes and anaerobes. Other com- 
mercial developments are described below. First, it 
is important to note several basic points. 


Conventional blood culture procedure 


It is essential to avoid contamination of the sample 
or the operator. 
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1. The operator's hands must be clean and dry. 
Sterile gloves may be worn if there is any possibility 
of a specific hazard such as hepatitis Bor HIV. | 

2. Disinfect the venepuncture site on the patient’s 
skin by applying 70% isopropyl alcohol in water 
with 1% iodine or 1—2% chlorhexidine for at least 
1 min and allow to dry. 

3. With precautions to avoid touching and recon- 
taminating the venepuncture site, take the sample 
of blood. | 

4. Detach and safely discard the sampling needle. 
Then fit a fresh sterile needle and inoculate the 
required volume into each blood culture bottle. 


Choice and range of media 


The use of a single good all-purpose medium can give 
nearly as many positive results as the use of a range 
of different media, with the advantages of economy 
in costs and labour and the avoidance of confusion. 
In some cases, however, a range of special media 
must be used. 

If a single medium is used as a routine, it must 
be richly nutritive and suitable for aerobes and 
anaerobes when incubated sealed and unexposed 
to an external atmosphere. A good choice is a 
Robertson-type cooked meat medium based on 
brain-heart infusion broth with a layer_of pieces 
of lean meat (see Collee et a] 1977). 

If two bottles have been seeded from the sample, 
their caps may be loosened (or filtered venting de- 
vices may be fitted) and one of them incubated in 
air plus 5--10% CO, while the other is incubated 
anaerobically with added CO,. The advantages of 
this compared with incubating both bottles still 
sealed have not been proved, but the use of an 
anaerobic cabinet has many advantages including 
the assured presence of CO, in the atmosphere. 
Modern commercial systems exploit the advantage 
of shaking broths during incubation to encourage 
growth. 


Examination of conventional blood 
cultures 


Growth may produce a generalized turbidity or 
there may be discrete colonies on the surface of the 
sedimented red cells; note, however, that there may 
be recoverable bacterial growth in a broth culture 
before turbidity is evident. It is most important to 
make subcultures from all bottles to solid media 
as a routine. Extreme care must be taken to avoid 
contamination when bottles are opened for sub- 
culture, and the procedure should be done quickly so 
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that the bottles do not cool appreciably. Inspection 
and subculture of blood cultures should be done 
at least once during the first day and thereafter at 
intervals. 

Blood cultures received in the laboratory between 
9am and 5pm should have their first subculture 
done at 10 pm that day (see Ganguli et al 1984). 
If subsequent daily subculturing is thought to be 
excessive, it is important to ensure that subculture 
is done at least twice during the first 2—3 days. It 1s 
usual to continue incubation and inspection for up 
to 5—7 days with a final subculture then. Prolonged 
incubation is recommended, before the bottles are 
discarded, in the investigation of some infections 
such as bacterial endocarditis, brucellosis and some 
others. Subculture plates should be incubated in air 
with 10% CO, and a parallel series should be incu- 
bated anaerobically. Gram-stained smears should 
be made from any broths that show visible signs 
of growth as this can allow an early presumptive 
report. 


Reading the Gram film 


A Gram smear should be made and examined at 
the subculture stage. Any positive finding should be 
reported at once to the clinician as the morphological 
type of organism present may serve as a guide to 
the initial choice of antibiotic. This information will 
also guide the bacteriologist’s choice of further sub- 
cultures and other tests to be done on the contents 
of the positive bottle. 


Quantitative counts of bacteria in the 
blood 


A simple procedure is to inoculate 1 m! amounts 
of blood into several tubes of melted agar and make 
pour-plates either directly from the patient or from 
unclotted blood in Liquoid in the laboratory. The 
Aisbact System (Biomen Diagnostic Division) treats 
a sample of the patient’s blood with a lytic agent. 
The lysed sample is then centrifuged and the har- 
vested organisms cultured directly on a suitable 
solid medium to allow identification and to give a 
semi-quantitative indication of its presence in the 
blood (for example, when monitoring colonization 
associated with a prosthesis or a catheter). 


Contamination in the laboratory 


Examination in the laboratory should be planned 
to minimize opportunities for contamination of the 
specimen or its subcultures with airborne dust or 


from equipment or the bacteriologist’s skin. Despite 
insistence on aseptic precautions, most laboratories 
concede that 1—5% of the blood cultures that they 
examine are contaminated and some of this is attri- 
butable to contamination within the laboratory (see 
Gould & Duerden 1983). 


Commercialiy developed biood culture 
systems 


Roche Septicheck (marketed by Becton 
Dickinson) 


Castafieda’s method of including an agar medium 
on one of the narrow sides of a bottle of broth for 
blood culture allows a subculture to be made without 
opening the bottle. The bottle with the patient’s 
blood inoculated into the broth is incubated upright. 
The agar surface is seeded at intervals by tilting the 
bottle and allowing the broth to flow over the agar. 
The agar surface is examined daily for colonies. 
A commercial development (Septicheck) consists of 
a clear plastic screw-capped bottle with an internal 
paddle or dipslide holding sterile medium. At the 
laboratory, on receipt of the blood culture bottle to 
which the patient’s blood has been added, the screw 
cap js removed and replaced with this assembly. ‘The 
blood culture bottle is then transiently inverted so 
that the contents flow over the medium and the 
whole assembly is incubated. The inversion can be 
repeated once or twice daily. As the medium 1s 
examined regularly for the development of colonies 
by direct vision through the clear plastic, the se- 
quential introduction of contaminants into the sys- 
tem is avoided. This is a great advantage over the 
conventional subculturing procedure. 


Signal Blood Culture System (Unipath) 


This uses the pressure of gas produced by bacterial 
action to drive liquid medium into an upper chamber 
and signal growth. The upper chamber is a clear 
plastic container; its base holds a long needle that 
is pushed through the top of the blood culture bottle 
on receipt at the laboratory. The needle enters the 
broth. After incubation and bacterial production of 
gas, the broth is driven into the clear container and 
shows above a line of opaque plastic that indicates 
significant expansion. This simple and relatively 
cheap device allows regular visual checks without 
the cost of automation and computer links. Note, 
however, that it wil] not detect non-gas-producing 
organisms. 
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Automated systems 


These systems employ equipment that automatically 
detects an early sign of bacterial growth in a special 
blood culture bottle. 


Bactec 


This system (now marketed by Becton Dickinson) 
has evolved from a relatively simple manually 
operated device to a fully automated computerized 
assembly that can detect positive blood cultures, 
identify the patients, hald information on a database 
and even plot growth curves. The original models 
monitored bacterial growth by detecting ‘C-labelled 
CO, produced by bacterial metabolism of !C- 
labelled substrates in the liquid growth medium. The 
'$CO, detection method was initially radiometric. 
Subsequent models have used infrared spectroscopy. 
The most recent approach is to use a fluorochemical 
sensor and measure a COQO,-induced increase in 
fluorescence. 


Organon Teknika BacT/Alert 


This system also monitors CO, released from sub- 
strates in the growth medium by a non-radiometric 
device that reads a colorimetric signal generated by 
an excitor wavelength, 


Vital (bioMérieux) 


This measures excitor-induced fluorescence but is 
said to be sensitive to changes in CO,, pH and Eh. 


Difco Sentinel 


Two electrodes inserted into the blood culture read 
potential differences that change as bacteria] meta- 
bolism alters the Eh of the medium. 


Reports on blood cultures 


Relevant positive findings should be reported by 
phone to the physician as soon as is practicable and, 
if requested, advice should be given on the choice 
of antibiotic therapy. A written report should be 
issued when the examinations made after the first 
12-24h of incubation have been completed. For 
positive cultures, the species and drug sensitivities 


should be reported, and for negative cultures, the 


absence of growth and a note that a further report 
will be issued if growth appears on longer incubation. 

When a coagulase-negative staphylococcus or 
a commensal type of diphtheroid bacillus is found 
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and no predisposition to opportunistic infection is 
known, the report should state that the organism 
is probably a contaminant from the patient’s skin 
and omit the drug sensitivity findings. If, however, 
the patient has suspected endocarditis; an artificial 
heart valve, an intravenous catheter or a cerebro- 
spinal fluid shunt, or has had heart surgery, or is 
immunosuppressed or on cytotoxic drugs, the find- 
ing of the organism and its sensitivities should be 
reported, but with the caution that it may possibly 
be a contaminant from the patient’s skin. 
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PRESERVATION OF CULTURES: 


Bacterial species vary greatly in the ability of their 
cultures to remain alive after the completion of 
growth (e.g. after 24h at 37°C). Some species such 
as Neisseria gonorrhoeae are poorly viable and their 
cultures usually die out within a few days, whether 
kept at 37°C, at room temperature or at 4—5°C; thus, 
they must be subcultivated every 2-4 days for main- 
tenance in the laboratory. Other species are much 
hardier, especially sporing species which may remain 
viable for many years. There are also many non- 
sporing species (e.g. Enterobacteriaceae) whose cul- 
tures, under suitable conditions, commonly remain 
viable for many months and often for as much as 
10-20 years. 

The recommended procedure for preservation 
of a culture is lyophilization (see below). However, 
simpler expedients merit mention. Prolonged preser- 
vation requires the following: (1) that drying of the 
culture is prevented by hermetic sealing of the tube 
or bottle with a screw cap and new rubber liner; (2) 
that the culture is stored in the dark, and either at 
room temperature or in a refrigerator at 4—5°C, but 
not at 37°C; and (3) that the culture be grown in or 
on a suitable preservation medium or as a nutrient 
agar stab culture. Organisms of the enterobacteria 
group may be kept alive on egg—saline medium for 
several years without subcultivation; they survive 
longer than on nutrient agar, and are less liable to 


vary to the ‘rough’ state. The culture is grown over- 


night at 37°C and the screw cap of the bottle is 
firmly tightened before storing in a dark, cool cup- 
board. Some organisms other than enterobacteria 
are better preserved if the bottles are stored at 4°C 
(but see below). Survival is dependent on the culture 
not being allowed to dry out. 

It is desirable that at least-a moderate proportion 
of the cells in the culture should remain alive; if 
only a few survive, these may be exclusively resistant 
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mutants, all cells of the original type being lost. 
Frequent subcultivation also tends to replace the 
original type by mutants and must therefore be 
avoided as far as possible. Specific recommendations 
for the short-term preservation of bacterial cultures 
have been made by Stokes (1962). Full discussions 
of media for the maintenance and preservation of 
bacteria (Lapage et al 1970a) and of culture collec- 
tions and the preservation of bacteria (Lapage et al 
1970b) have been published. Further details of all 
of the following methods are given by Lapage & 
Redway (1974). 


Regular subculture 


Regular subculture of bacterial cultures is not 
advised; over a period of time, this method can 
lead to changes in the original culture that may not 
be recognized immediately, e.g. contamination by 
another bacterium, especially by spores of Bacillus 
spp; mutation in which the organism either loses 
or gains a property not in its original makeup; change 
in the name or number on the culture due to misin- 
terpretation of writing; or there may be overgrowth 
of the original strain by a secondary one which was 
there in small numbers at the original subculture. 

Regular subculture may nevertheless be necessary 
with certain bacteria that do not readily withstand 
freezing and/or drying. 


Reduced metabolism and periodic transfer 


The frequency of subculture can be reduced if the 
metabolism of the organism is lowered by growing 
it on a medium containing minimal nutrition, e.g. 
egg-saline slopes or semi-solid nutrient agar stabs, 
and then sealing the surface of the medium with 
sterile liquid paraffin to exclude air and reduce 
dehydration. The culture is then stored at either 
room temperature or at 4-5°C in a refrigerator. 
The disadvantages of this method lie mainly in the 
inconvenience of the liquid paraffin. 


Cold storage 


This is a common method of preserving strains of 
bacteria as many can be frozen and remain viable. 
Damage to bacterial cells at low temperatures can 
be severe, due, it is believed, to the formation of ice 
crystals and to the concentration of electrolytes as 
the water is formed into ice. The damage can be 
minimized by careful monitoring of the rate of 
cooling, reducing the amount of electrolytes present 
to a minimum, adding protective substances such 


as ‘sugars’, glycero! or dimethylsulphoxide (DMSO) 
into the suspending medium, and rapid re-warming 
on reconstitution of the culture. 

Temperatures that may be used in this way 
include: 


1..4-6°C in a domestic refrigerator, although 
many delicate pathogens do not survive at this 
temperature. 

2. -20 to -40°C in a domestic freezer 1s a com- 
promise (but see below for preferred methods of 
long-term storage). 

3, ~80°C in an ultra-deep freezer, in which the 
cells are protected by one of the substances men- 
tioned above or by using a suspension of dried milk. 

4(a). -70°C in solid carbon dioxide, a disadvan- 
tage being that cultures will be lost if the solid carbon 
dioxide is not checked regularly and replenished as 
it evaporates. 

4(b). The Microbank system (Pro-Lab Diagnos- 
tics) offers a simple and inexpensive alternative. 
Packs of 50 plastic screw-cap 2 ml cryovials are 
supplied. Each vial contains a liquid storage (cryo- 
preservative) solution and 25 porous ceramic beads. 
A heavy fluid suspension of the organism to be stored 
is added to a vial and gently mixed with the beads in 
the preservative solution, The bacteria are adsorbed 
to the beads. The excess fluid is aspirated and 
discarded. The vial is then stored at ~70°C. One 
bead can be removed when a subculture is needed. 

5. In liquid nitrogen at —196°C; this method can 
be used for a wide range of bacteria as well as for 
viruses and many other biological cells. Large num- 
bers of strains may be stored in liquid nitrogen stor- 
age containers in sterile drinking straws or in special 
tubes on carriers. Advantages include little loss of 
viability, rapid resuscitation, ready availability as a 
living suspension and speed of preparation. A further 
advantage is that the procedure can be used without 
delay and the biological character of the stored 
organism is thus ‘fixed’ at a very early stage after 
its isolation. This is the basis of the ‘stabilate’ concept 
of Lumsden et al (1973). Disadvantages include the 
cost of the apparatus and regular supplies of liquid 
nitrogen, risk of explosion when ampoules are 
brought into room temperature, loss of large numbers 
of cultures if careful monitoring of liquid nitrogen 
levels is not carried out, and possible contamination 
of the liquid nitrogen in the storage container if an 
ampoule breaks. 


Drying methods 


A number of methods for drying suspensions of 


125 











© PRACTICAL MEDICAL MICROBIOLOGY 


bacteria for preservation purposes have been devel- 
oped which are useful in laboratories that cannot 
afford the expensive equipment used for storing 
at very low temperatures or for freeze-drying, or 
in which preservation of cultures is performed 
infrequently. 


1. Paper discs: a thick suspension of bacteria is 
placed on sterile discs of thick absorbent paper which 
are then dried over phosphorus pentoxide (P,Os) 
in a desiccator under vacuum. 

2. Gelatin discs: a thick suspension of bacteria is 
prepared and added to nutrient gelatin. Drops of 
the bacterial suspension in gelatin are placed on 
sterile waxed paper or on a plastic Petri dish and then 


- dried off over P30, under vacuum. 


3. Pre-dried plugs: thick suspensions of bacteria 
are prepared and drops placed on sterile cellophane 
(Rayner 1943) or on pre-dried plugs of peptone, 
starch or dextran (Annear 1956) before drying in a 
desiccator over P,O, in a vacuum. 

4. L-drying: bacteria in small ampoules are dried 
from the liquid state using a vacuum pump and des- 
iccant and a water-bath to control the temperature. 
This method is described by Lapage et al (1970b). 


Freeze-drying in vacuo (lyophilization) 


When bacterial cultures or virus suspensions are 
dried and kept in the dry state under suitable con- 
ditions, they may remain viable for several years; 
antisera may be preserved similarly without appreci- 
able loss of antibody potency. If such materials are 
dried from the liquid state, a high salt concentration 
is produced in the later stages of drying; this causes 
denaturation of proteins, death of organisms and de- 
terioration of serum. The problem is largely avoided 
by freeze-drying or lyophilization whereby the culture 
or serum is dried rapidly 1m vacuo from the frozen 
state. ‘The material is frozen by a suitable method 
and then dried by sublimation of the ice. The subli- 
mation is effected by exposure to an atmosphere of 
very low pressure (e.g. 0.01 mmHg or less) which 
is dried by a chemical desiccant or refrigerated con- 
denser. The dried material is preserved in vacuo or 
under an inert gas such as nitrogen in hermetically 
sealed ampoules which are stored in the dark, either 
at room temperature or preferably in a refrigerator 
at 4-5°C. This is a convenient means of preserving 
stock strains of bacteria, guinea-pig complement 
serum and samples of antisera required for reference 
or standardization purposes. On a larger scale, it is 
used for preserving therapeutic antisera, human 
plasma, antibiotics and vaccines. 
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Freezing must be very rapid, with the temperature 
lowered to well below 0°C (e.g. to—20°C), since slow 


freezing would prolong exposure to the denaturing —__ 


influence of the suspending salt solution. The liquid 
should be frozen in a shallow layer with a large 
surface available for evaporation. Two methods of 
freezing are available: (1) prefreezing, i.e. before the 
drying process is begun; and (2) evaporative freezing, 

effected during the first stage of the drying process. — 


Prefreezing is generally employed for large volumes. 
The liquid is frozen as a layer, or ‘shell’, lining the 
walls of the bottle, either by rotating the bottle 
while immersed nearly horizontally in a bath of ethyl 
alcohol or acetone and solid carbon dioxide, or of 
refrigerated coolant, or by spinning the bottle on 
its vertical axis in a current of refrigerated air. 


Evaporative freezing is employed for the smaller 
quantities that generally suffice for laboratory pur- 
poses. The liquid is quickly frozen by the withdrawal 
of latent heat during its initial rapid evaporation 
when exposed to the vacuum applied for drying. 
Precautions must be taken against frothing and spill- 
ing during de-solution of the atmospheric gases; 
the ‘centrifugal’ and ‘degassing’ methods have been 
developed for this purpose (see below). 


Suspending media for freeze-drying of bacteria 


The survival of bacteria during freeze-drying is 
greatly influenced by the nature of the medium in 
which they are suspended. Nutrient broth containing 
peptone 1% and meat extract 1% is a satisfactory 
medium for the most resistant organisms, e.g. Strep- 
fococcus pyogenes and Staphylococcus aureus, and the 
moderately resistant, e.g. enterobacteria and brucellae. 
Broth cultures of these may be dried directly. 

Special protective suspending media are necessary 
for the poorly resistant organisms such as Neisseria 
gonorrhoeae, Vibrio cholerae and Haemophilus influenzae. 
Organisms from a fresh stationary phase culture are 
suspended to a high density equivalent to Brown’s 
opacity standard No. 4 (Ch. 48) in the sterile sus- 
pending medium just prior to freeze-drying. Various 
media have been advised, most of which contain 
sugar, peptone and a colloid (e.g. protein or dextran). 
Skimmed milk, containing lactose and protein, has 
been used with success. The media used at the 
National Collection of Type Cultures (NCTC) are 
broth with glucose 7.5% for the enterobacteria, 
and glucose 7.5% in horse serum sterilized by filtra- 
tion for other organisms, Exceptionally fatty batches 
of serum are avoided. 

A suspending medium comprising nutrient broth 








supplemented with rabbit serum or horse serum 
10% v/v, inactivated at 56°C for 30 min, and glucose 
1% w/v can be recommended. This medium is pre- 
reduced when it is used for freeze-drying anaerobes. 


Greaves’ (1944) centrifugal method of 
freeze-drying 


This is a most convenient method for preserving a 
number of cultures and it is described fully by Lapage 
et al (1970b). Frothing is prevented by centrifuging 
the liquid during the first stage of evacuation, and 
drying until freezing is complete. 

Suitable centrifugal freeze-driers are available from 
several manufacturers and their specific instructions 
must be followed. The apparatus consists of a drying 
chamber, usually a polycarbonate beil-jar containing 


‘ a centrifuge and an attachment for secondary drying 


manifolds, a trap containing either a freezing coil 
(condenser) or desiccant trays to remove water 
vapour, a rotary oil-sealed vacuum pump capable of 
drawing a negative pressure below 0.04 mmHg and 
a Pirani-type vacuum gauge. The liquid cultures or 
suspensions are dried in special neutral soft glass 
tubes or ampoules with a stem bore of 6 mm. Plug 
the ampoules with absorbent cotton-wool and steri- 
lize horizontally in the autoclave at 121°C for 20 min 
or in a dry oven at 160°C for 1 h. The procedure is 
as follows: 


1, Place in each ampoule a small stip of Whatman 
No. 1 filter paper on which has been typed the 
number designating the culture to be introduced. 
The label should be mserted so that the number ts 
easily read when the ampoule is held horizontally 
with the open end on the right. With a sterile capillary 
pipette, put 0.25—-0.5 ml of liquid culture into the 
bottom of each smal] ampoule (tube type) and up 
to 2.5 ml into each of the larger ampoules. Discard 
the original sterility plug into disinfectant and insert 
a fresh, loose plug of sterile, non-absorbent cotton- 
wool, pressing it wholly within the stem of the 
ampoule, or cap each ampoule with sterile surgical 
gauze. 

2. Prepare the trap for primary drying by cooling 
the freezing coil to below —40°C or by charging the 
desiccant trays with fresh phosphorus pentoxide to 
the extent of at least 3 g of powder/ml! of water to be 
absorbed. Note: Phosphorus pentoxide 1s corrosive 
and care must be taken to avoid spilling it on the 
skin, clothing or freeze-drier. After each use of the 
drier, the expended desiccant must be washed from 
the trays with an excess of water, with care to avoid 
the corrosive fumes evolved, and the trays are then 
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thoroughly dned. The maker’s instructions must 
be followed for cleaning the apparatus and removing 
spilt powder. 

3. Pnmary drying. Place the ampoules in the nearly 
vertical holes of the constant speed centrifuge rotor. 
Cover the centrifuge with the bell-jar and press this 
firmly into position on the sealing ring of the base 
plate. (The contact surfaces are previously cleaned 
with ether and lghtly smeared with high-vacuum 
grease. Edwards supply Apiezon ‘M’ grease for 
joints.) While pressing down the jar, switch on first 
the centrifuge and then the vacuum pump. Observe 
the fall of the pressure on the gauge. When a low 
pressure of about 1 mmHg has been achieved in 
5-10 min, it can be assumed that the material is 
frozen as a thin layer on the inner wall of the 
ampoule. Immediately switch off the centrifuge to avoid 
over-heating. Leave the vacuum pump running for 
a period sufficient to complete the primary drying 
when the pressure should be below 0.1 mmHg: about 
3—6 h for 0.25 mi volumes; 4—8 h for 0.5 ml volumes 
and 6-12h for 2.5 mj volumes, depending on the 
total volume of liquid to be removed. The ampoules 
should be shielded from sunlight or daylight. 

4. Isolate the chamber, open the chamber air-release 
valve, lift the bell-jar and remove the ampoules. Plug 
with sterile, non-absorbent wool if previously covered 
with gauze. Flame the opening and press the loose 
cotton-wool plug about 6 cm down the stem. While 
rotating the ampoule, heat the stem in a small gas 
flame at about 3cm from its open end, until the 
glass walls have softened and nearly doubled in 
thickness. Remove the ampoule from the flame and 
stretch it to form a capillary neck of about 2mm 
external diameter and 1 mm bore. When cool, apply 
the open end to one of the rubber adaptors on the 
manifold used for the secondary drying; the manifold 
is placed so that the ampoules lie horizontally. Any 
adaptor not in use must be sealed with an empty 
ampoule, 

5. Secondary drying. If a chemical desiccant 1s in 
use remove the expended material from the trays and 
replace with fresh phosphorus pentoxide powder. 
Press the bell-jar into position, close the air-release 
valve and re-evacuate the chamber. Leave the pump 
running for a sufficient period to ensure cornplete 
drying, e.g. 10min, until the pressure is 0.05- 
0.01 mmHg. 

6. Seal the ampoules while they are attached to 
the manifold with the pump running: heat the capil- 
lary neck with a small gas flame, or preferably with a 
twin-headed sealing attachment; when the glass 1s 
melted, pull gently and allow the flame to sever the 
thin filament so formed. The Pirani gauge will show 
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if a leak develops on the manifold side. When all 
the ampoules are sealed and set aside, switch off the 
Pirani gauge, open the air-release valve and switch 
off the pump and discard the desiccant. After 30 min, 
lay the ampoules on a metal surface and test them 
for vacuum with a high-frequency vacuum tester; 
discard any that fail the test. 


Recovery of a freeze-dried culture from an 
ampoule 


- Check initially that the ampoule is intact; if a 


high-frequency tester is available, confirm that the 


contents of the ampoule are still under vacuum. 


Check the identification label. Mark the ampoule, 
with ‘a file transversely over the cotton-wool plug. 
Heat the tip of a glass rod red-hot in a Bunsen flame 


and apply it firmly to the filed mark on the ampoule, _ 


which should crack at that point (Fig. 6.6). Allow 
time for air to enter via the plug; then carefully 
discard the drawn-out end of the ampoule and the 
plug into a container of suitable disinfectant, for 
subsequent autoclaving. 

With aseptic precautions, add a small amount of 
suitably supplemented sterile broth to the ampoule 
with a sterile Pasteur pipette, expressing and taking 
up the broth several times to bring the contents of 
the ampoule into suspension and to soak the paper 
label. The paper may conveniently adhere to the 
pipette stem; it should be transferred to the surface 
of a suitable solid medium for subculture to confirm 
the absence of contaminants and to obtain prompt 
colonial growth of the desired strain. The suspended 
material in the broth should be seeded into one or 
more suitable fluid media to ensure recovery of the 
organism after appropniate incubation. 





Lyophilized File mark 
material overlying 
cotton—wooal 
plug 


Read identification 
code starting from 
bottom of tube 


Fig.6.6 An ampoule of lyophilized culture ready for opening. 
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DISPOSAL OF CULTURES 


All cultures to be discarded must first be sterilized, 
even if they are apparently ‘negative’. Sterilization 
is equally important for cultures in reusable con- 
tainers or in disposable containers such as plastic 
Petri dishes that may be incinerated, as it is of para- 
mount importance that no living infective material 
leaves the laboratory. 

There are three practical methods by which cul- 
tures may be sterilized — incineration, autoclaving 
and chemical disinfection — but only the first two can 
guarantee sterility. Chemical disinfection depends 
on many variables such as adequate access of the 
disinfectant to the culture, concentration, length of 
exposure and temperature among others (Ch. 46); 
these limitations must be borne in mind. 

Autoclaving must be used for cultures of Myco- 
bactenum tuberculoss and sporing organisms such as 


Clostridium tetani and Bacillus anthracis. Note the 


importance of allowing adequate steam penetration 
in autoclaving; lids of metal and plastic buckets must 
be removed and placed in the autoclave and perme- 
able autoclavable bags must be opened at the loading 
stage. Plastic Petri dishes autoclaved in bins or 
buckets fuse into a solid Jump which may be lifted 
out when cool for disposal. 

Incineration is widely used when the culture con- 
tainers are disposable, but there may be problems 
if the incineration procedure is not under the control 
of the laboratory staff. For example, if material has 
to be transported some distance it may be confused 
with other rubbish and may be dumped without 
incineration. Another anxiety is that the incinerator 
may not be functioning properly and may not burn 
the material completely or may discharge clouds of 
toxic smoke when plastic materials are burned; in 
the latter case, an after-burner fitted to the incinera- 
tor solves the problem. Problems involved in the 
transport of infected waste from the laboratory are 
numerous. If there is any uncertainty associated with 
the use of distant incinerators, the matenal must 
be autoclaved before dispatch and it can then be 
disposed of as harmless rubbish. 

Clearly written instrucuons for the disposal of 
all cultures must be included in the laboratory 
manual. Cultures must be discarded into plastic, 
colour-coded bags for incineration or into robust bins 
or buckets (made of stainless stee] or autoclavable 
plastic) or into autoclavable plastic bags. All plastic 
bags must be supported either in a custom-built 
frame or in an empty discard bin or bucket. Discard 











containers must be leak-proof. Containers must 
never be so full that the lid cannot be placed on top, 
or the neck of the bag tied off for transport to the 
sterilization area. Overfull containers cause many 
problems ranging from bursting open to difficulties in 
handling and injuries to staff. Disposable containers 
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Tests for the identification of bacteria 


J. G. Collee R. S. Miles B. Watt 





In this chapter a number of ‘biochemical’ tests and a 
few miscellaneous tests, used generally in the iden- 
tification of microorganisms, are described. Tests 
used specifically for the identification of a particular 
organism, and specialized tests for particular groups 
of organisms such as anaerobes and mycobacteria, 
are described elsewhere in the appropriate section of 
this book. 

It should be realized that many of the tests 
described in this chapter are not ‘all-or-none’ tests; 
some distinguish between organisms that differ in 
the rate with which they carry out a particular reac- 
tion. It is therefore important to use a method of test 
that is suitably poised to differentiate the organisms 
under consideration. For many of the tests given 
here, a large number of variations have been devel- 
oped in different laboratories. In these cases, it has 
been difficult to make a choice of a method and in 
some instances we have described more than one 
test for a given reaction. The results obtained with 
variations on a particular test may not be comparable 
and it is essential to bear this in mind. Moreover, 
there may be considerable variation in the com- 
mercially available preparations of the reagents used. 
For example, the tryptophane content of peptone 
varies according to the mode of preparation and this 
markedly influences its value as a substrate in the 
indole test. 

Unfortunately many routinely used tests are not yet 
standardized, but a start has been made by various 
organizations. : 

Diagnostic tables showing the biochemical reactions 
identifying many genera and species of pathogenic 
and saprophytic bacteria are given by Barrow & 
Feltham (1993) and other specialist authors, e.g. 
Holdeman et al (1993), Duerden & Drasar (1991) 
for strict anaerobes. 


Preparation of inoculum for test media 


The validiry of the identification of an unknown 


bacterial culture by its reactions in a range of bio- 
chemical tests depends absolutely on the use of a 
pure culture of the bacterium for inoculation of the 
test media. Single, well separated colonies grown on 
a primary diagnostic plate that has been inoculated 
with material containing a mixture of bacterial spe- 
cies are usually but not always pure. Some of the 
colonies are likely to be contaminated with a minor 
admixture of bacteria of another kind, e.g. an anaero- 
bic or other exacting species that does not grow 
well under the conditions of culture in the primary 
plate. If such a colony is accidentally picked and the 
test media are inoculated either directly from it or 
from an intermediate slope or broth subculture of it, 
the contaminating bacteria may grow out selectively 
in some of the media and give false results. 

It is recommended, therefore, that the chosen 
colony should first be plated out on a non-selective 
culture medium and that an isolated colony on the 
secondary plate should be used as the inoculum 
for the tests. This precaution is often omitted in 
medical diagnostic bacteriology, where speed in 
obtaining results is important. The results are then 
not fully reliable and if they are unexpected a freshly 
purified inoculum culture should be prepared and 
the tests repeated. | 

If a larger number of test media have to be inocu- 
lated than can conveniently be done from a single 
colony, the colony should first be subcultured on 
an agar slope, or in a tube of broth, and this sub- 
culture should be used to inoculate the test media. 
The subculture can then be preserved for making 
confirmatory or other different tests on subsequent 
days. It is an unsound practice to use another, 
apparently similar colony from the primary plate to 
provide inocula for additional tests. 


Controls for tests 


The sterility of each batch of test medium should be 
confirmed by incubating one or two uninoculated 


131 





PRACTICAL MEDICAL MICROBIOLOGY 





tubes of the batch along with the inoculated tests. 
If the uninoculated tubes show evidence of bacterial 
growth, the tests and the remainder of that batch 
of medium should be discarded. 

Control tests are also done to confirm that the 
test media have been made up correctly and that they 
-are used and observed under the proper conditions. 
One tube of each batch of test medium is inoculated 
with a stock culture of a bacterium known to give 
a positive reaction and another tube with a stock 
culture known to give a negative reaction. These posi- 
tive and negative controls are incubated and examined 
along with the tests. Detailed guidance on internal 
quality control is given in Chapter 1 and European 
guidelines have been published by the European 
Committee for Clinical Laboratory Standards (1985). 


gk ra Oe oy te Bla ce a gee et, 
bs gt li le ca el 


d 
=" 


TESTS FOR METABOLISM OF 


CARBOHYDRATES AND RELATED 
COMPOUNDS 


Bacteria differ widely in their ability to metabolize 
carbohydrates and related compounds. For purposes 
of identification these differences can be demonstrated 
by four varieties of test: 


1. Tests to distinguish between aerobic and 
anaerobic breakdown of a carbohydrate. 

2. Tests to show the range of carbohydrates 
and related compounds that can be attacked. 

3. ‘Tests for specific breakdown products. 

4. Tests to show ability to utilize a particular 
substrate. 


Carbohydrates and related compounds may be 
altered when exposed to normal heat-sterilization 
temperatures. They may also be altered when heated 
in the presence of other ingredients of culture media, 
e.g. peptone, phosphate. For these reasons, it is rec- 
ommended that the basal ingredients of test media 
should be heat-sternlized before the carbohydrate 
or related compound is added. A solution of the 
compound under test should be sterilized separately 
and the requisite amount subsequently added with 
aseptic precautions to the sterile basal medium. 

Sterilization of solutions of test compounds by 
filtration is recommended. However, if heat is to 
be used, steaming at 100°C is Jess likely to alter the 
compound than autoclaving at 121°C. Note that 
tyndallization is ineffective for pure solutions of 
sugars, etc., as surviving spores will not germinate 
and grow out in a non-nutrient medium. However, 
tyndallization may be used for sterilization of a 
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sugar solution incorporated in mutnent media, e.g. 
peptone water. 

Carbohydrates are particularly suscepuble to heat 
in an alkaline environment and if a carbohydrate 
solution is to be sterilized by heat, the prior addition 
of one or two drops of phosphoric acid will ensure 
that the solution 1s not alkaline. 


O/F test to distinguish between aerobic 
and anaerobic breakdown of 
carbohydrates 


This method (Hugh & Leifson 1953) depends upon 
the use of a semi-solid tubed medium containing 
the carbohydrate (usually glucose) together with a 
pH indicator. If acid is produced only at the surface 
of the medium, where conditions are aerobic, the 
attack on the sugar is oxidative. If acid is found 
throughout the tube, including the lower layers 
where conditions are anaerobic, the breakdown is 
fermentative. 


Medium 
Peptone . 2.0g 
Sodium chloride, NaC] 5.0g 
Dipotassium hydrogen phosphate, 

K,HPO, 0.3¢ 
Bromothymol blue (1% aqueous 

solution) 3 mi 
Agar | ==32 
Water 1 litre 


The pH is adjusted to 7.1 before adding the 
bromothymo] blue and the medium is autoclaved in 
a flask at 121°C for 15 min. The carbohydrate to 
be added is sterilized separately and added to give 
a final concentration of 1%. The medium is then 
tubed to a depth of about 4 cm. 

Method. Duplicate tubes of medium are inocu- 
lated by stabbing; one tube is promptly covered with 
a layer of sterile melted petroleum jelly (yellow soft 
petroleum) to a depth of 5-10 mm and both are 
incubated for up to 30 days. 

Results. Fermenting organisms (e.g. Entero- 
bacteriaceae, Aeromonas, Vibrio) produce an acid 
reaction throughout the medium in the covered 
(anaerobic) as well as the open (aerobic) tube. Oxi- 
dizing organisms (e.g. Pseudomonas) produce an 
acid reaction only in the open tube; this begins at the 
surface and gradually extends downwards, and may 
appear only after an alkaline reaction has been 
present for several days. Organisms that cannot break 
down the carbohydrate aerobically or anaerobically 
(e.g. Alcaligenes faecalis) produce an alkaline reaction 


‘in the open tube and no change in the covered tube. 
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It should be noted that this medium may also be 
used for recording gas production and motility. 


Tests to show the range of 
carbohydrates and related compounds 
that can be attacked 


For practical purposes these tests are of two kinds. 
The majority are tests simply for the production of 
acid and gas or acid alone when a pure culture grows 
in the presence of the test compound. A negative 
reaction in these tests does not necessarily mean that 
the culture is unable to utilize the carbon compound. 
A minority of the tests are more complicated, the 
principal ones being those for tartrate and citrate 
fermentation in which breakdown of the substrate 
is confirmed by showing that it has been removed 
from the medium or has enhanced growth (see 
Ch. 21). These tests, in addition to fermentation of 
mucate, are used in the identification and fermen- 
tation typing of salmonellae. They are described 
in detail by Cruickshank (1968) and will not be 
repeated here. 


Constituents of fermentation test media 


1. A suitable nutrient medium as a base to allow 
the growth of the organism under test, free from 
substances that might yield acid products. The 
nature of this medium depends on the nutritional 
requirements of the organism. Peptone water, serum 
peptone water and serum agar are commonly used. 

2. The carbohydrate or related compound under 
test. A large variety are used and they are often re- 
ferred to loosely as ‘sugars’. Commonly used sugars 
include the following: 

Monosaccharides 

Pentoses — Arabinose, xylose, rhamnose 
Hexoses — Glucose, fructose, mannose, sorbose, 
galactose 

Disacchandes 

Sucrose, maltose, lactose, trehalose, cellobiose 


Trisaccharide 
Raffinose 


Polysaccharides 
Starch, inulin, dextrin, glycogen 


Polyhydric alcohols 
Glycerol, erythritol, adonitol, mannitol, dulcitol, 
sorbitol, inositol 
Crlycosides 
Salicin, contferin, aesculin 


Se ee 


TESTS FOR THE IDENTIFICATION OF BACTERIA 


Organic acids 
dextro — tartrate; /aevo — tartrate; meso — tartrate, 
citrate, mucate, gluconate, malonate. 


This list is not exclusive; various additional sugars 
are favoured by different microbiologists, and com- 
mercial systems exploit a wide range of test compounds. 

The test compounds in fermentation test media 
may be identified by a colour code. 

The test compound is usually added in the pro- 
portion of 0.5% to peptone water or 1.0% to serum 
bases. The majority can be prepared as 10% aqueous 
solutions and sterilized, preferably by filtration. 
They can be stored in screw-capped bottles in 
the refrigerator. Rarer compounds may be stored 
in 15 ml bottles with a perforated cap and rubber 
washer, similar to the caps of blood culture bottles, 
and a sterile syringe can be used to withdraw solution 
from the bottle as required. 

It is essential to prepare starch solution immed- 
iately before use because it undergoes gradual 
hydrolysis to glucose, which is readily fermented by 
most medically important bacteria and could give 
false reactions. Sufficient starch for about 24 bottles 
can be prepared by adding 5 ml sterile distilled water 
to 0.15 g soluble starch in a sterile universal coa- 
tainer, screwing on the cap and shaking vigorously. 
The bottle is placed in a pan of water, brought 
to the boil and boiled for about 5 miri, shaking at 
intervals to ensure that all the starch is in solution 
and the contents are homogeneous. The solution is 
cooled and 0.15 ml! is added to 3 ml nutrient me- 
dium, usually serum peptone water in bijou bottles 
(final concentration of starch, 0.15%). The medium 
should be used within a few weeks after the starch 
is added. 

3. A suitable indicator that will change colour 
only as a result of the formation of acids during the 
fermentation is required. A variety of indicators 
with a pK between pH 6 and 8 have been used. Some 
common practical examples are described here: 

Andrade’s indicator is made by adding NaOH 
1 mol/litre to a 0.5% solution of acid fuchsin until 
the colour just becomes yellow. It is used at a final 
concentration of 0.005% in the medium and it 
turns dark reddish pink at about pH 5.5. Andrade’s 
indicator fades fairly rapidly when stored and should 
not be used unless the media can be utilized within 
a few months. 

Bromocresol purple is made up as a 0.2% solution. 
For use, 2.5 ml of this solution is added to each 
100 ml medium to give a final concentration of 
0.005%. Bromocresol purple is yellow at pH 5.2 
and violet-purple at pH 6.8. It is recommended 
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instead of Andrade’s indicator for media that are 
likely to be stored for several months. ° 

Phenol red is a solution of phenol sulphonthalein. 
Add 1.0 g of the reagent to 10 ml NaOH 0.1 mol/litre 
and 20 ml distilled water and dissolve by gentle 
heat. Then add 10 ml HC! 0.1 mol/litre and make 
up to 500ml with distilled water to give a 0.2% 
solution. For use, 5 ml of this solution is added to 
each 100 ml of medium, giving a final concentration 
of 0.01%, This indicator does not fade on storage 
and may be incorporated in bottled media that may 
not be used for some time. Phenol red is yellow at 
pH 6.8 and purpie-pink at pH 8.4. It is used for 
serum media because it detects small changes in 
pH, characteristic of fermentation by nutritionally 
exacting bacteria. | 

Bromothymol blue is made up as a 0.2% solution 
by dissolving | gin 25 ml NaOH 0.1 mol/litre mixed 
with 475 ml distilled water. For use, 1.25 ml of 
the 0.2% solution is added to each 100 ml medium 
giving a final concentration of 0.0025%, Bromothymol 
blue is yellow at pH 6.0 and blue at pH 7.6. It is an 
alternative to phenol red when the pH change is 
small and it is used in serum media, broth-based 
media and in media for organic acid fermentation 
tests. 

4. Asmall inverted tube (Durham tube) completely 
filled with liquid and containing no air bubbles is 
usually included in each culture tube or bottle to 
detect gas (see below). 


Peptone water fermentation test media 


The commonest nu‘rient medium for fermentation 
tests 1s peptone water. The nutrient medium 
(950 ml) is prepared and indicator added. 


Indicator solution: Andrade’s 10 ml 
or bromocresol purple 25 ml 
Test compound, 10% solution, sterile 50 ml 


The complete medium cannot be handled in bulk 
because the process of heat sterilization is used to 
drive out the air from the Durham tubes which then 
fill with liquid as the medium cools and fermentation 
media cannot be heated after adding the test com- 
pound. Therefore the base and indicator must be 
dispensed, sterilized by autoclaving and cooled 
before the sterile solution of test compound is added 
aseptically to each individual tube or bottle. 

An alternative, easier, but less reliable, method is 
to add sterile substrate to the sterilized medium in 
bulk, distribute aseptically into sterile test tubes or 
biyou bottles, and heat these at 100°C for 20 min 
only to drive air out of the Durham tubes. 
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Medium may be dispensed either in 5 ml amounts 
with 50 x 7mm Durham tubes, in 125 or 150 x 
12.5 mm test tubes with caps or-cotton-wool plugs 
or in 3 ml amounts with 27 x 6 mm Durham tubes 
in bijou bottles. Medium in bottles can be stored 
and transported without risk of spilling or of altera- 
tion in concentration of ingredients. As a result of 
shaking during transit, air may enter the Durham 
tube, but it is easily removed by inverting the bottle, 
the amount of liquid being such that the open end 
of the tube is below the surface. When bottles have 
been seeded the caps should be loosely screwed on 
to allow access of air. 


Broth fermentation media 


Thesé may be used instead of peptone water if a 
more nutritious base is needed. 


Meat extract 5g 
Disodium hydrogen phosphate, 

Na,HPO, 2g 
Water 950 ml 
Indicator solution (bromothymol 

blue) 12.5 ml 


50 ml 


Prepare, sterilize and dispense as for peptone water 
media. 


‘Test compound, 10% solution, sterile 


Fermentation media for anaerobes 


Details of these media and their use in the charac- 
terization of anaerobic bacteria are given in Chapter 
30. 


Bitter medium 


This has a special peptone base to distinguish only 
the reactions of strongly fermenting organisms. It is 
used with xylose for the ‘fermentation typing’ of 
organisms such as Salmonella typhimurium and its 
preparation is described in a previous edition (see 
Cruickshank 1968). 


Serum peptone water fermentation 
media 

These media are suitable for more exacting organisms 
such as Corynebacterium diphtheriae. 


Peptone water, pH 7.6 800 ml 
Serum 200 ml 
Indicator solution: phenol red 50 ml 

or bromothymol blue 12.5 ml 
‘Test compound, 10%, sterile 10 ml 
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Some samples of horse serum may contain saccha- 
rolytic enzymes and give fallacious results. Batches 
should ‘be tested before use. Sheep or ox serum is 
preferable. The problem can be avoided by the use 
of a suitably supplemented serum-free medium (e.g. 
see Ch. 15). 

Serum media are best sterilized by filtration but if 
they are not acid they will not coagulate on heating 
and may be steamed for 20 min on 3 successive days. 

Durham tubes are rarely required for serum media 
and alternative methods of preparation are therefore 
practicable. The complete medium can be prepared, 
sterilized by filtration and dispensed aseptically. 
Otherwise the nutrient medium and indicator can 
be prepared, dispensed and steamed for 20 min on 
3 successive days, a sterile 10% solution of the carbon 
compound being added to individual bottles or 
tubes with sterile precautions. 

Hiss’s serum water can replace serum peptone 
water. It consists of 25% serum in distilled water. 


Serum agar fermentation media 


These are recommended for organisms such as 
meningococci and gonococci that grow poorly in 
liquid media. 


Basal medium 


Peptone 20g 
Sodium chloride, NaCl dg 
Distilled water 900 ml] 
Digest broth, pH 7.6 100 ml 
Agar 258 
Phenol red solution, 0.2% 20 ml 


Dissolve the peptone and salt in the water by 
steaming. Adjust to pH 8.4 by making just alkaline 


to phenolphthalein and steam for 30 min. Filter 


through a coarse filter paper. Adjust to pH 7.6. Add 
the broth and agar and steam at 100°C for 45 min 
or until the agar is dissolved. Filter through a 
hardened filter paper if necessary, bottle in 100 ml 
amounts and add 2 ml phenol! red solution to each 
bottle. Autoclave in ‘free steam’ for 1 h and then at 
110°C for 5 min. 


Complete medium 


Basal medium 100 ml 
Sterile serum (guinea-pig or rabbit) 5 ml 
Test compound, 10% solution, sterile 10 ml 


Melt the basal medrim, cool to 55°C, add the 
other ingredients with sterile precautions and dispense 
as slopes in sterile tubes or bijou bottles. 


TESTS FOR THE (DENTIFICATION OF BACTERIA 


Use of test media 


Before inoculation, confirm the absence of bubbles 
of gas from Durham tubes in liquid media. Seed each 
medium with a speck of solid culture, or a drop or 
loopful of liquid culture, or a suspension of a solid 
culture in a sterile liquid. After incubation, examine 
the media for the presence of a colour change, indi- 
cating acid, and for gas formation in the Durham 
tube. Acid production in liquid serum media may 
cause coagulation of the serum. 

Slopes of solid medium are seeded over the whole 
surface. The presence of a colour change after 
incubation indicates acid. ) 

Fermentation reactions are commonly completed 
within a period of incubation of 24h, or 48h for 
slowly growing species. The identification of many 
organisms is based on the results recorded at these 
times. However some quickly growing organisms 
fail to ferment a given sugar in 24h but will give 
‘late’ fermentation if incubation is prolonged, up to 
40 days. In such cases, tests should be inspected daily 
and the day on which fermentation first appears 
should be recorded. ‘Late’ fermentation is generally 
due io the emergence of a fermenting mutant. 


Tests for specific breakdown producis 


Methyl! red test 


The methyl red test is employed to detect the pro- 
duction of sufficient acid during the fermentation 
of glucose and the maintenance of conditions such 
that the pH of an old culture is sustained below a 
value of about 4.5, as shown by a change in the colour 
of the methy] red indicator which is added at the 
end of the period of incubation. 


Medium (glucose phosphate peptone water) 


Peptone 5g 
Dipotassium hydrogen phosphate, 

K,HPO, 52 
Water 1 litre 
Glucose, 10% solution 

(sterilized separately) 50 ml 


Dissolve the peptone and phosphate, adjust the 
pH to 7.6, filter, dispense in 5m] amounts and 
sterilize at 121°C for 15 min. Sterilize the glucose 
solution by filtration and add 0.25 ml to each tube 
(final concentration 0.5%). 


Methyl red indicator solution 
Methyl red , O.lg 
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Ethanol 300 ml 
Distilled water 200 ml 


- Method. inoculate the liquid medium lightiy from 
a young agar slope culture and incubate at 37°C 
for 48h. Add about five drops of the methyl red 
reagent (see above). Mix and read immediately. Posi- 
tive tests are bright red and negative are yellow. If 
the results after 48 h are equivocal, the test should 
be repeated with cultures that have been incubated 
for 5 days. For some organisms, incubation at 30°C 
for 5 days is preferable to incubation at 37°C for 
2 or 5 days. , 


Voges—Proskauer (acetoin production) 
test | 


Many bacteria ferment carbohydrates with the 
production of acetyl methy] carbinol 
(CH;.CO.CHOH.CH;) or its reduction product 
2, 3 butylene glycol (CH,.CHOH.CHOH.CH:,). 
The substances can be tested for by a colorimetric 
reaction between diacetyl (CH;.CO.CO.CH, - 
formed during the test by oxidation of acetyl methy! 
carbinol or 2, 3 butylene glycol) and a guanidino 
group under alkaline conditions. This test is usually 
done in conjunction with the methyl red test since 
the production of acetyl methyl carbinol or butylene 
glycol usually results in insufficient acid accumu- 
lating during fermentation to give a methy] red 
positive reaction. An organism of the enterobacterial 
group is usually either methyl-red-positive and 
Voges—Proskauer-negative or methyl-red-negative 
and Voges—Proskauer-positive. 


Medium. Glucose phosphate peptone water, as 
for the methyl red test. 


Method 1. Incubate at 37°C or 30°C for 48h only. 
Add 0.5 ml of O’Meara reagent (40g potassium 
hydroxide and 0.3¢g creatine in 100 ml! distilled 
water), Place tubes in a 37°C waterbath for 4h. 
Aerate by shaking at intervals. A positive reaction is 
denoted by the development of an eosin-pink colour, 
usually in 2—5 min. 


Method 2. Incubate at 37°C or 30°C for 48h. 
Add 1 ml of 40% potassium hydroxide and 3 ml of 
@ 5% solution of o-naphthol in absolute ethanol. A 
positive reaction is indicated by the development 
of a pink colour in 2-5 min, becoming crimson in 
30 min. The tube can be shaken at intervals to ensure 
maximum aeration. a&-Naphthol is a carcinogen. 


Gluconate test 


This is a test for the ability of an organism to oxidize 
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gluconates to the 2 keto-gluconate, which subse- 
quently accumulates in the medium. The basis of the 
test is the change from gluconate, a non-reducing 
compound when tested with a suitable reagent, to 
2 keto-gluconate, which is a reducing compound 
when so tested. 


Medium 
Peptone 1.5¢ 
Yeast extract lg 
Dipotassium hydrogen phosphate, 

K,HPO, ) lg 
Potassium gluconate 40 g 
Disulled water 1 litre 


The pH, after solution, should be 7.0. Distribute 
in 10ml quantities in screw-capped bottles and 
autoclave at 121°C for 15 min. 


Benedict’s qualitative reagent. Dissolve sodium 
citrate 173 g and anhydrous sodium carbonate 100 g 
by heating in c. 800 ml distilled water. Add slowly, 
with gentle stirring, a solution of CuSO,.5H,O 
(17.4g in 100 ml of distilled water). When cool, 
make up to 1] litre with distilled water. 


Method. Add 1 ml of the medium aseptically into 
a clean, sterile tube. Inoculaté and incubate at 37°C 
for 48h. Then add 1 ml of Benedict’s reagent for 
reducing sugars, place the tube in a boiling water 
bath for 10 min and observe for the production of a 
coloured precipitate of cuprous oxide. Alternatively, 
test with a commercially available. system for the 
detection of reducing sugars. If the Benedict test is 
used, read as follows: 


Positive = green to orange precipitate. 
Negative =the blue colour of the reagent is 
unchanged. 


Tests to show ability to utilize a specific 
substrate 


Bacteria that are capable of growing on a simple, 
chemically defined medium (i.e. prototrophic bacteria), 
can readily be tested for their ability to use a given 
compound as their sole source of carbon and energy. 
A defined medium is prepared with the test com- 
pound substituted for the normal carbon and energy 
source. The medium is usually made with agar 
and poured in plates. The organism is inoculated 
lightly in a streak or by plating out. After a suitable 
period of incubation the plate is examined and the 
appearance of bacterial growth indicates that the 
bacterium has been able to utilize the test compound. 

Growth is often slower on a defined medium 
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than on the ordinary peptone-containing media and 
observations should be continued for up to 7 days 
during incubation at 37°C. Usually growth is well 
developed at 2 days. 

The inoculum for these tests should not be heavy 
and should not be made from a broth culture lest 
sufficient nutritive organic matter is carried over 
with the inoculum into the test medium to support a 
visible amount of growth. Preferably the bacterr:um 
is first grown for 18-24 h on an agar slope. A small 
amount of this growth is suspended in sterile saline 
solution to give a suspension of about 1-5 x 10° 
bacteria/ml and a small loopful of the suspension is 
used to inoculate the defined medium. 

Bacteria that fail to grow on the simple defined 
medium when glucose and citrate are present as 
sources of carbon and energy, generally do so because 
they require as additional nutrients one or more 
specific amino acids or vitamins; they are described 
as auxotrophic. Growth tests made on further defined 
media supplemented with single amino acids or 
vitamins, or different combinations of these, will 
enable the particular nutritional requirements of an 
auxotroph to be determined. 


Citrate utilization test 


This is a test for the ability of an organism to utilize 
citrate as the sole carbon and energy source for 
growth and an ammonium salt as the sole source of 
nitrogen. Koser’s liquid citrate medium or Simmons’ 
citrate agar may be used. 


Koser’s medium (modified) 
Sodium chloride, NaCl 5g 


Magnesium sulphate, MgSO, 0.2¢ 
Ammonium dihydrogen phosphate 

NH,H.,PO, lg 
Potassium dihydrogen phosphate, 

KH,PO, lg 
Sodium citrate, Na,C,H,O;.2H,O 5g 
Distilled water 1 litre 


The pH should be 6.8. The medium is dispensed 
and sterilized by autoclaving at 121°C for 15 min. 


Simmons’ citrate medium 


This is a modification of Koser’s medium with agar 
and an indicator added. 


Koser’s medium 1 litre 
Agar 20 ¢ 
Bromothymol biue, 0.2% 40 ml 


TESTS FOR THE IDENTIFICATION OF BACTERIA f 


Dispense, autoclave at 121°C for 15 min and allow 
to set as slopes. 


Method. inoculate from a saline suspension of the 
organism to be tested. Incubate for 96 h at 37°C. 
The results are read as follows: 


1. Koser’s citrate medium: 
Positive = turbidity, i.e. growth. 
Negative = no turbidity. 


A positive test should be subcultured into a second 
tube to eliminate false positives due to an excessive 
initial inoculum. 

2. Simmons’ citrate medium: 

Positive = blue colour and streak of growth. 
Negative = original green colour and no growth. 
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Malonate utilization test 


Note that utilization of malonate and deamination 
of phenylalanine can be combined in one test (see 
below). 


Medium 

Yeast extract lg 
Ammonium sulphate, (NH,).S0, 2¢g 
Dipotassium hydrogen phosphate, 

K,HPO, 0.6 g 
Potassium dihydrogen phosphate, 

KH,PO, 0.4¢ 
Sodium chloride, NaCl 22 
Sodium malonate 3g 
Bromothymo! blue 0.025 g 
Distilled water 1 litre 


Adjust the pH to 7.4 if necessary. Sterilize by 
autoclaving at 121°C for 15 min. 


Method. Inoculate from a young agar slope culture 
and incubate at 37°C for 48h. Positive results are 
indicated by a change in colour of the indicator from 
green to blue due to the rise in pH consequent upon 
the utilization of sodium malonate. 


TESTS FOR METABOLISM OF 

PROTEINS AND AMINO ACIDS a3 
Proteolytic organisms digest proteins and consequently 
may liquefy gelatin or coagulated serum. Cultures 
in meat media cause blackening of the meat, decom- 
posing it and reducing its volume with the formation 
of foul-smelling products. Some organisms decompose 
milk proteins. Whereas strongly proteolytic organ-— 
isms may have all these properties, weakly proteolytic 
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ones may liquefy only gelatin. Liquefaction of 
gelatin, being the commonest proteolytic property, 
is used routinely as an index of proteolytic activity 
but -a positive result may take several days ~to 
develop. 


Gelatin liquefaction 


For bacteriological use, an edible grade of gelatin is 
preferred, since this is free from preservatives and 
inhibitory amounts of heavy metals. Gelatin will not 
by itself support the growth of many pathogens and 
it is added to a liquid nutrient medium to produce 
a firm gel called nutrient gelatin. The proportion of 
gelatin used varies, but 12% is a suitable average. 

It is important that -the gelatin medium should 
not be exposed to a high temperature for longer 
than recommended, otherwise it may be partially 
hydrolysed and will not solidify on cooling. 


Medium 


Nutrient broth 
Gelatin 


1 litre 
120g 


Add the gelatin to the broth and allow it to stand 
at 4°C overnight. Warm to 45°C to dissolve the 
gelatin. Adjust to pH 8.4 and steam for 10 min. Cool 
quickly to 45°C and slowly add the beaten white of 
two eggs, or 10g egg albumin dissolved in 50 ml 


water, or 50 ml serum; this helps to clear colloidal - 


particles from the medium. Steam for 30 min, 
stirring occasionally. Filter through hardened filter 
paper. Adjust the pH to 7.6 and bottle in 12 ml 
amounts. Hold in the autoclave in free steam for 
10 min followed by 115°C for 10 min. Remove from 
the autoclave as quickly as possible and keep at a low 
temperature. 

The resulting medium is perfectly transparent 
when solid, and should be of firm consistency, yet not 
so stiff that it is split by the wire when inoculated. 


Method. A stab culture is made with an inoculum 
from an agar slope culture. Pathogenic bacteria are 
usually grown at 37°C and negative tests may be 
observed for as long as 30 days. Gelatin at the 
concentration used melts at about 24°C and is there- 
fore liquid at 37°C. Liquefaction is tested for at 
intervals by removing the nutrient gelatin cultures 
from the incubator and holding them at 4°C for 
30 min before reading the results. 


Gelatin agar 


Gelatin breakdown can be demonstrated by incor~ 
porating it.in a buffered nutrient agar, growing the 
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culture and then flooding the medium with a reagent 
that differentially precipitates either gelatin or its 
breakdown products. 


Medium 


Nutrient agar 1 litre 
Potassium dihydrogen phosphate, 

KH,PO, 0.5 2 
Dipotassium hydrogen phosphate, 

K,HPO, 15g 
Gelatin 4g 
Glucose 0.05 g 


Melt the agar and dissolve the phosphates, gelatin 
and glucose in it, taking care to ensure even distri- 
bution of the gelatin. Adjust the pH to 7.0. Sterilize 
in a flask at 121°C for 30 mim. Pour plates. 


Mercuric chloride solution 


Mercuric chlonde, HgC], 15g 
Hydrochloric acid, concentrated, HC] 20 ml 
Water 100 ml 


Tannic acid solution. 1% in water. 


Method. Seed plates and incubate under appro- 
priate conditions. Flood plates with either mercuric 
chloride, which causes an opacity in the medium 
with clear zones around gelatin-liquefying colonies, 
slow to develop but not fading; or tannic acid, which 
causes a relative opacity around gelatin-liquefying 
colonies, quick to develop but fading as the medium 
also becomes opaque. 


Gelatin charcoal discs 


The use of sterile discs or cubes of formaldehyde- 
denatured gelatin containing finely powdered char- 
coal is a very rapid and convenient test for proteolysis 
(see Ch. 30). 

The sterile disc is picked from its bottle with a 
hot inoculating wire, to which it adheres, and is 
transferred into a newly inoculated or already grown 
culture in liquid medium. The culture is incubated 
with the disc for up to a week at 37°C. (The dena- 
tured gelatin does not melt at this temperature.) 
Liquefaction of the gelatin is shown by the settling 
of free carbon particles to the bottom of the 
medium and, later, by the complete disintegration 
of the disc. 

If the discs are added to a culture that is already 
fully grown or to a dense suspension in peptone 
water of a young culture grown on agar, liquefaction 
may be observed after only a few hours’ incubation 
at 37°C, 
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It is important to include negative and positive 
controls, even if the discs are commercially produced. 


Digestion of milk 


Digestion of milk protein may be seen as a zone of 
clearing around colonies on milk agar. Results can be 
read in 24—48 h, less than the time usually necessary 
to see digestion of litmus milk. 


Medium 
Nutrient agar, sterile 87.5 ml 
Skimmed milk, sterile 12.5 ml 


~ Melt the agar, cool to 50°C, add the milk and pour 
plates. 


Method. Inoculate, incubate and examine for zones 
of clearing. 


Hydrogen wr aphis production test 
combined with gelatin liquefaction test 


Hydrogen sulphide can be produced at least in 
small amounts from sulphur-containing amino acids 
by a large number of bacteria. Methods showing 
hydrogen sulphide production by suspending strips 
of paper impregnated with lead acetate above cul- 
tures are of variable sensitivity and are of limited 
value. Precise tests must be poised at a definite 
level of sensitivity. The method described here is 
of a sensitivity suitable for group differentiation 
within the Enterobacteriaceae. Hydrogen sulphide 1s 
demonstrated by its ability to form black insoluble 
ferrous sulphide. The medium is solidified with 
gelatin and also indicates gelatin liquefaction. 


Medium 


Meat extract 7.52 
Peptone 25-2 
Sodium chloride, NaCl 5g 
Gelatin 120g 
Distilled water 1 htre 
Ferrous chloride, 10% aqueous solution 5 ml 


Dissolve. all the ingredients except ferrous chloride 
in water, adjust to pH 7.6, steam and filter. Heat 
in the autoclave in free steam for ]0 min and then at 
115°C for 10 min. Remove from the autoclave as 


quickly as possible and cool to about 55°C. Add the 


ferrous chloride solution, freshly prepared and steri- 
lized by filtration. Tube the medium in narrow tubes 
and seal with corks impregnated with paraffin wax. 
Method. Inoculate with a straight wire to 2 depth 
of 1 cm and incubate at 20°C for at least 7 days. 
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Inspect daily, for blackening due to production of 
hydrogen sulphide and for liquefaction of gelatin. 


Indole test 


This test demonstrates the ability of certain bacteria 
to decompose the amino acid tryptophane to indole, 
which accumulates in the medrum. Indole is then 
tested for by a colorimetric reaction with p-dimethyl- 
aminobenzaldehyde. 


Medium 

Peptone (brand containing sufficient 
tryptophane) 20 g 

Sodium chloride, NaCl 5g 


Distilled water ] litre 


Adjust the pH to 7.4. Dispense and sterilize by 
autoclaving at 121°C for 15 min. 


Kovac’s reagent 


Amyl or isoamyl alcohol 150 ml 
p-Dimethyl-aminobenzaldehyde 10g 
Hydrochloric acid, concentrated, HC! 50 ml 


Dissolve the aldehyde in the alcohol and slowly 
add the acid. Prepare in small quantities and store 
in the refrigerator. Shake gently before use. 


Method. Inoculate medium and incubate for 48 h 
at 37°C. Sometimes a period of 96h at 37°C may 
be required for optimum accumulation of indole. 
Add 0.5 ml Kovac’s reagent and shake gently. A 
red colour in the alcohol layer indicates a positive 
reaction. 


Amino acid decarboxylase and arginine 
dihydrolase tests 


These tests are based on the ability of some bacteria 
to decarboxylate an amino acid to the corresponding 
amine with the liberation of carbon dioxide. The 
production of these decarboxylases is induced by a 
low pH and, as a result of their action, the pH mises 
to neutrality or above, (The lysine and ornithine 
reactions are truly decarboxylase tests, but the 
arginine reaction is more correctly recognized now 
as a dihydrolase test.) 


Mediurn 
Peptone 3g 
Meat extract 5g 
Giucose 0.5¢ 
Pyridoxal 5 mg 
Bromocreso! purple 

(1 in 500 solution) 5 ml 
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2.5 ml 
1 litre 


Cresol red (1 in 500 solution) 
Distilled water 


Dissolve the solids in water and adjust the. pH 
to 6.0 before the addition of the indicators. This is 
the basal medium and to it 1s added the amino acid 
whose decarboxylation is to be tested. Divide the 
basal medium into four portions and treat separately 
as follows: 


i. Add 1% L-lysine hydrochloride. 

2. Add 1% L-ornithine hydrochloride. 
3. Add 1% L-arginine hydrochloride. 
4. No additions (control). 


Readjust the pH to 6.0 if necessary. Distribute 
] rl quantities in small tubes containing sterile liquid 
paraffin to provide a layer about 5 mm thick above 
the medium. Autoclave at 121°C for 15 min. Note: 
If the DL components are used, add 2% of the amino 
acid. 


Method. Inoculate lightly through the paraffin layer 
with a straight wire. Incubate and read daily for 4 days. 

The medium first becomes yellow due to acid 
production during glucose fermentation; later, if 
decarboxylation occurs, the medium becomes violet. 
The contro] should remain yellow. 


Phenylalanine deaminase test 


This test indicates the ability of an organism to 
deaminate phenylalanine with the production of 
phenylpyruvic acid, which will react with ferric salts 
to give a green colour: Deamination of phenylalanine 
and utilizauon of malonate can be combined in one 
test (see below). 


Medium 

Yeast extract 3g 

pL-phenylalanine 2g 
(or L-phenylalanine l g) 

Disodium hydrogen phosphate, Na,HPO, lg 

Sodium chloride, NaCl 52g 

Agar l2g 


Distilled water 1 litre 


Adjust the pH to 7.4, distribute and sterilize by 
autoclaving at 121°C for 15 min. Allow to solidify in 
tubes as Jong slopes. 


Method, Inoculate with a fairly heavy inoculum. 
Incubate for 4h or, if desired, for up to 24h at 
37°C. Allow a few drops of a 10% solution of ferric 
chionde to run down over the growth on the slope. 
If the test is positive, a green colour will develop in 
the fluid and in the slope. 
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TEST FOR METABOLISM OF LIPID 


Hydrolysis of tributyrin 


An emulsion of micro-droplets of the fat, tributyrin, 
in a solid medium makes it opaque. Lipolytic organ- 


isms remove the opacity by converting the fat to 


water-soluble butyric acid. 


Medium 

Peptone 5g 
Yeast extract 3g 
Tributyrin (glycery! tributyrate) 10g 
Agar 20 g 
Water 1 litre 


The medium is prepared so that the tributyrin 
forms a stable emulsion in the nutrient agar and the 
PH is adjusted to 7.5. For exacting organisms the 
medium may be enriched by addition of 5% of 
Fildes’ extract. 


Method. Inoculate and incubate plates under 
appropriate conditions. Examine by transmitted light. 
Colonies of lipolytic organisms are surrounded by 
wide zones of clearing. 


TESTS FOR ENZYMES 
Catalase test 


This demonstrates the presence of catalase, an 
enzyme that catalyses the release of oxygen from 
hydrogen peroxide. 

One ml of hydrogen peroxide solution, H,O, 
(10 vol), is poured over a 24h nutrient agar slope 
culture of the test organism and the tube is held in a 
slanting position, 

Alternatively, a small amount of the culture to be 


tested is picked from a nutrient agar slope with a> 


clean sterile platinum loop or a clean, thin glass rod 
(a sealed capillary tube may be used for this purpose), 
and this is inserted into hydrogen peroxide solution 
held in a small, clean tube. Enough material may be 
picked from a single colony to give a reaction by 
this method. 

The production of gas bubbles from the surface 
of the solid culture material indicates a positive 
reaction. It occurs almost immediately. A false posi- 
tive reaction may be obtained if the culture medium 
contains catalase (e.g. blood agar), or if an iron wire 
loop is used. 
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Caution. The possible airborne transmission of 
a pathogen in the aerosol produced by this test 
merits careful consideration and appropriate safety 
precautions (see Ch. 3). 


Oxidase test 


This test depends on the presence in bacteria of 
certain oxidases that will catalyse the transport of 
electrons between electron donors in the bacteria 
and a redox dye — tetramethyl-p-phenylene-diamine. 
The dye is reduced to a deep purple colour. 

The test is used for screening species of Neisseria, 
Alcaligenes, Aeromonas, Vibrio, Campylobacter and 
Pseudomonas, which give positive reactions, and for 
excluding the Enterobacteriaceae, all species of 
which give negative reactions. 


Plate method. Cultures are made on a suitable solid 
growth medium. A freshly prepared 1% solution of 
tetramethyl-p-phenylene-diamine dihydrochjoride is 
poured on to the plate so as to cover the surface, and 
is then decanted. The colonies of oxidase-positive 
organisms rapidly develop a purple colour. If sub- 
cultures are required from the colonies, they should 
be made immediately; after 5 min exposure to the 
reagent it may not be possible to subculture them. 


Dry filter paper method. Since the oxidase reagent 
is unstable and has to be freshly prepared for use, 
the following method is convenient. Strips of 
Whatman’s No. | filter paper are soaked in a freshly 
prepared 1% solution of tetramethyl-p-phenylene- 
diamine dihydrochloride. After draining for about 
30 seconds the strips are freeze dried and stored in 
a dark bottle tightly sealed with a screw cap. The 
papers have a light purple tint and will keep for 
several months in an airtight container at room 
temperature. For use, a strip is removed, laid in a 
Petri dish and moistened with distilled water. The 
colony to be tested is picked up with a platinum loop 
and smeared over the moist area. A positive reaction 
is indicated by an intense deep-purple hue, appearing 
within 5—10 seconds, a ‘delayed positive’ reaction by 
colouration in 10-60 seconds, and a negative reac- 
tion by absence of colouration or by colouration 
later than 60 seconds. 


Wet filter paper method. A strip of filter paper is 
soaked with a little freshly made 1% solution of the 
reagent and then at once used by rubbing a speck 
of culture on it with a platinum loop. The result is 
read as for the dry filter paper method. 

Note that the reagent must be freshly made and 
the bacterial growth must be transferred to the test 
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paper with a clean platinum loop or a clean glass 
rod, since traces of iron will catalyse the reaction and 
give false-positive results. If the colony is small it 
may be necessary to pick up material from several 
similar colonies in order to have sufficient to give 
a strong reaction. When testing colonies from 
MacConkey medium, a pink-violet colour is due to 
carry-over from the medium and is not a true oxidase 
reaction; the true reaction gives an intense purple 
hue. Dimethyl-p-phenylene-diamine oxalate, 1%, 
may be used in place of the tetramethy]-p-phenylene- 
diamine dihydrochloride in this paper-strip test. 


Urease test 


Bacteria, particularly those growing naturally in an 
environment exposed to urine, may decompose urea 
by means of the enzyme urease: 


NH,.CO.NH, + H,O > 2NH; + CO, 


‘The occurrence of this enzyme can be tested for 
by growing the organism in the presence of urea 
and testing for alkali (NH,) production by means 
of a suitable pH indicator. An alternative method is 
to test for the production of ammonia from urea by 
means of Nessler’s reagent (see below). 


Medium 1 (Christensen’s medium) 


Peptone lg 
Sodium chloride, NaCl 5g 
Dipotassium hydrogen phosphate, 
K,HPO, 22 
Phenol red (1-in-500 aqueous 6 ml 
solution) 
Agar 20 ¢g 
Distilled water 1 litre 
Glucose, 10% solution, sterile 10 ml 
Urea, 20% solution, sterile 100 ml 


Sterilize the glucose and urea solutions by filtration. 
Prepare the basal medium without glucose or urea, 
adjust to pH 6.8-6.9 and sterilize by autoclaving in 
a flask at 121°C for 30 min. Cool to about 50°C, 
add the glucose and urea and tube the medium as 
deep slopes. | 

The medium mav be used as a liquid by omitting 
the agar. 


Method. Inoculate heavily over the entire slope 
surface and incubate at 37°C. Examine after 4 h and 
after overnight incubation, no tube being reported 
negative until after 4 days’ incubation. Urease-positive 
cultures change the colour of the indicator to 
purple-pink. 
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Medium 2 (Elek’s test) 


Urea 4g 
Potasstum dihydrogen phosphate, 

KH,PO,, 0.2 mol/litre 50 ml 
Sodium hydroxide, NaOH, 

0.2 mol/litre 35 ml 


115 ml 


This substrate contains 2% urea at pH 7.2. Sterili- 
zation of it is unnecessary. It can be stored in the 
refmgerator in a stoppered bottle with the stopper 
smeared with petroleum jelly. Freshly prepared 
substrate should be checked with a known urea- 
splitting organism, and for the test a negative control 
and an uninoculated blank must be included. 
The glassware must be scrupulously clean but not 
necessarily sterile. 


Method. Emulsify sufficient of a 24h culmre of 
the organism to be tested, in 0.5 ml! of the substrate 
in a small tube. The fluid should be distinctly 
opalescent. Place the tube in a water-bath at 37°C for 
3h. Remove the tube and add 0.1 ml! of Nessler’s 
reagent, and a similar amount to the negative control 
and blank tubes. Read the result 3 min after adding 
the Nessler’s reagent. Both negative and control 
tubes must be absolutely colourless. A positive reac- 
ton is shown by a colour ranging from a pale but 
distinct yellow to a dark brown precipitate. The time 
of incubation is important and should be strictly 
adhered to. 

When isolated colonies are to be examined, the 
volume of substrate is reduced to 0.3 ml and only 
one drop of Nessler’s reagent used. Readings are 
taken 4—5 min after nesslerization. 


Distilled water, ammonia-free 


Nessler’s reagent. Dissolve 50 g KI in 50 ml water 
and then add saturated HgCl, solution until a perma- 
nent precipitate just appears. Add 200 ml NaOH 
solution (5 mol/litre) and make up to 1 litre with 
water. T'ake the clear supernate after the precipitate 
has settled. 


ONPG (f-galactosidase) test 


Lactose fermentation depends on the production of 
two enzymes — an inducible intracellular enzyme, 
B-galactosidase, which hydrolyses lactose, and a 
permease which regulates the uptake of lactose into 
the cell. Certain bacteria possess the f-galactosidase 
enzyme but not the permease, These potential lac- 
tose fermenters may not produce acid at all in tradi- 
tional peptone water media or may take several 
days to do so. 
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The fi-galactosidase (ONPG) test, which deter- 
mines the presence of the enzyme f-galactosidase 
by utilizing o-nitrophenyl-f-p-galactopyranoside, is 
used to differentiate late lactose fermenting organ- 
isms and is of particular use in the identification 
of enterobacteria. 


Medium 


o-Nitropheny|-f-p-galactopyranoside 0.6¢g 
Phosphate buffer 0.01 mol/litre, pH 7.5 100ml 


Dissolve without heat and sterilize by filtration. 

Add aseptically 1 part of the above to 3 parts of 
1% peptone in water at pH 7.5. 

Distribute in 2ml amounts and incubate for 


24h to test sterility. It can then be stored in the 


refrigerator for up to 1 month. 


Method. Inoculate and incubate for ?4h at 37°C. 
If the test is positive a yellow colour will develop in 
the fluid. Late lactose fermenters give a positive 
result more quickly in this medium than in sugar 
media. 


Nitrate reduction test 


This is a test for the presence of the enzyme nitrate 


_ reductase which causes the reduction of nitrate, in 


the presence of a suitable electron donor, to nitrite 
which can be tested for by an appropriate colori- 
metric reagent. Almost all Enterobacteriaceae reduce 
nitrate. 


Medium 

Potassium nitrate, KNO, (nitrite-free) 0.22 
Peptone 5g 
Distilled water I litre 


Tube in 5 ml amounts and autoclave at 121°C 
for 15 min. 


Test reagent 


Solution A. Dissolve 8.0 g of sulphanilic acid in 
1 litre of acetic acid 5 mol/itre. 

Solution B. Dissolve 5.0 g of a-naphthylamine in 
I litre of acetic acid 5 mol/litre. 

Immediately before use, mix equal volumes of 
solutions A and B to give the test reagent. 


Method. Inoculate the medium and incubate for 
96h. Add 0.1 ml of the test reagent to the test 
culture. A red colour developing within a few min- 
utes indicates the presence of nitrite and hence the 
ability of the organism to reduce nitrate. 

Note: o-Naphthylamine is potentially carcinogenic. 
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Lecithinase (phospholipase-C) test 


Some bacteria produce enzymes (lecithinases or 
phospholipases) that split lipoprotein complexes in 
human serum and hen egg-yolk and produce opales- 
cence or turbidity when grown in media containing 
these substrates. When the reaction is produced 
with egg-yolk it is sometimes referred to as the 
lecithovitellin reaction. The reaction may be observed 
with a fluid medium (tube test) or a solid medium 
(plate test). Egg-yolk agar is most commonly used. 


Plate test 
Medium 
Egg-yolk agar (see below) 


Method. Inoculate and incubate under conditions 
suitable for growth. Lecithinase-producing colonies 
are surrounded by zones of opalescence. In some 
cases an additional test can be included by spreading 
a few drops of antitoxin to a specific lecithinase over 
half the plate before it is inoculated. Opalescence 
should be inhibited around colonies on the anti- 
toxin-treated half of the plate (Ch. 31). 


Combined tests 


Various systems have been developed that demon- 
strate more than one reaction. 


Egg-yolk agar: tests for lipase and 
lecithinase 


Egg-yolk indicates both lipase and lecithinase reac- 
tions of bacteria. On solid media containing egg- 
yolk, lipolysis is shown by the formation of a thin, 
iridescent ‘pearly layer’ overlying the colonies and a 
‘confined’ opalescence in the medium underlying 
them, seen best when the colonies are scraped off. 
Lecithinase is shown by wide zones of opalescence 
around colonies, more intense and larger than the 
zones caused by lipolysis. Neutralization by antitoxin 
may be possible (Ch. 31). 


Medium 
Nutrient agar, sterile 85 ml 
Egg-yolk suspension 15 ml 


Melt the agar, cool to 55°C and add the egg-yolk. 
Pour plates. : 

The medium can be enriched with 5% Fildes’ 
extract. A sterile concentrated egg-yolk emulsion 
may be obtained from Oxoid. 


Methed. Inoculate, incubate and examine for wide 


zones of opalescence indicating lecithinase and for 
the iridescent layer indicating lipolysis. Flood the 
plate with a saturated aqueous solution of copper 
sulphate, stand for 20min, drain off the excess 
solution and dry the plate for a short time in the 
incubator. The greenish-blue colour of copper soaps 
of fatty acids confirms lipolysis. 


Malonate utilization and phenylalanine 

deaminase test 

This combines the two tests already described. 
Medium 


Ammonium sulphate, (NH,),SO, 2zZ 
Dipotassium hydrogen phosphate, 

K,HPO, 0.62 
Potassium dihydrogen phosphate, 

KH,PO, 0.4¢ 
Sodium chloride, NaCl 22 
Sodium malonate 3g 
pL-phenylalanine 2g 
Yeast extract . lg 
Distilled water 1 litre 


Steam for 5 min and filter through paper. Add 
5m! of a 0.5% solution of bromothyme!] blue in 
absolute ethanol. Distribute in 10 ml quantities and 
autoclave at 121°C for 15 min. 


Method. Distribute aseptically in 1 ml volumes in 
small sterile tubes. Inoculate, incubate overnight, 
and read results as follows: 


1. Malonate utilization test. 
Observe colour of medium: 


Blue = positive; Green = negative. 
2. Phenylalanine deaminase test. 


Having recorded the result of the malonate test, 
acidify with a few drops of HCI 0.1 moV/litre until 
the colour of the medium becomes yellow. Add a few 
drops of a 10% aqueous solution of ferric chloride, 
shake and observe colour: 


Dark green = positive; Yellow-buff = negative. 


Litmus milk 


Milk indicates both saccharolytic and proteolytic 
properties of bacteria by detecting whether they 
ferment lactose or digest casein. Lactose fermenters 
in litmus milk form acid and cause it to become pink. 
Large amounts of acid will precipitate the casein as 
a clot and if gas is formed during coagulation the 
clot will be disrupted by it (‘stormy clot’). Proteolytic 
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bactena may decompose milk proteins to a trans- 
parent solution of soluble products. In litmus milk 
this shows as a change to a clear dark purple solution, 
usually taking several days and preceded by the 
formation of a soft, easily disintegrated clot. 


Skimmed milk. Steam fresh milk for 20 min and 
allow it to stand for 24 h in order that the cream may 
separate. Siphon the milk off from the cream. 


Litmus solution 


Litmus granules 80g 
Ethanol, 40% aqueous c. 300 ml 
Hydrochloric acid, HC! 1 mol/litre q.s. 


Grind up the granules, add to a flask containing 


150 ml] aqueous ethanol and boil for 1 min. Decant 
the solution, add remainder of the aqueous ethanol 
and boil for 1 min. Decant and combine the two 
solutions, making the volume up to 300ml with 
40% aqueous ethanol. Add hydrochloric acid drop 
by drop, shaking continuously until the solution 
becomes purple. To test for the correct reaction, 
boil a tube of tap water and another of distilled 
water and add a drop of the solution to each. The tap 
water should be blue and the distilled water mauve. 


Preparation of complete medium 


Skimmed milk 
Litmus solution 


250 ml 
6.25 ml 


Distribute in 5 ml amounts in tubes or screw-capped 
bottles. Steam for 20 min on 3 successive days. 

The colour fades on storing and it is best to store 
the skimmed milk, steamed on 3 successive days, in 
bulk (e.g. 250 ml) and add the litmus immediately 
before distribution. 


Ly Sugar Iron agar (TSI agar) test for 
H,S production 


This medium was originally designed as a multi-test 
medium. It provides a low degree of sensitivity for 
H,S production (often required when differentiating 
members of the Enterobacteriaceae). The medium 
is now used principally as a standard test for H.S. 

One disadvantage of multitest media is that 
chemical interaction — in this case acid production 
from fermentable sucrose — may inhibit blackening 
of the iron indicator. Some Citrobacter and Proteus 
species have this ability. TSI agar should be used in 
conjunction with a urease test to eliminate Proteus 
spp when screening for salmonellae. 


Medium 


Beef extract 3g 
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Yeast extract 3g 
Peptone 20 g 
Glucose lg 
Lactose ——“ TWd¢ 
Sucrose 10g 
Ferric citrate 03¢ 
Sodium chloride, NaC! . 5g 
Sodium thiosulphate 0.3 g 
Agar 12g 
Phenol red, 0.2% solution i2mi 
Distilled water 1 litre 


Heat to dissolve the solids; add the indicator 
solution; mix and tube. Sterilize at 121°C for 15 min 
and cool to form slopes with deep (3 cm) butts. 


Method. Streak a heavy inoculum over the surface 
of the slope and stab into the butt. Incubate 
aerobically at 37°C for 24h. Interpret results as in 
Table 7.1. 


MISCELLANEOUS TESTS 
Antibiotic tolerance (resistance) tests, 
dye tolerance, and other inhibition tests 


These range from disc tests of resistance to antibiotics 
such as penicillin, bacitracin, gentamicin, novobiocin 
and metronidazole, to special tests that demonstrate 
tolerance of dyes and other chemicals such as gentian 
violet, sodium taurocholate and optochin. These 
are described in relevant chapters dealing with the 
characterization of specific groups of organisms. 
Note that the concentrations of antibiotics used for 
characterization tests often exceed those that would 
be used in conventional sensitivity test discs. In this 
context, resistance or tolerance tests should not be 
confused with sensitivity tests. 


Potassium cyanide test 


This tests the ability of an organism to grow in 
the presence of cyanide. In view of the toxicity of 
potassium cyanide, the use of this test is limited and 
it must be strictly controlled. 


Basal medium 


Peptone 3g 
Sodium chloride, NaCl 5g 
Potassium dihydrogen phosphate, 

KH,PO, 0.23 g 


Disodium hydrogen phosphate, 
Na,HPO,.2H,O 
Distilled water 


5.64 p 
1 litre 
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NC = No change. 


Adjust to pH 7.6 if necessary. Sterilize by auto- 
claving in flask at 121°C for 30 min. Refrigerate the 
basal medium until totally chilled. 


Cyanide solution 


Potassium cyanide, KCN 0.52 
Distilled water, sterile 100 ml 


Preparation of complete medium 


Basal medium ] litre 
Cyanide solution 15 ml 


Add the cyanide to the cold medium. Distribute 
in 1 ml amounts in sterile bijou bottles, seal tightly 
without delay and store at 44°C. The medium will 
keep for 4 weeks under these conditions. 


Method. Inoculate with one loopful from a 24h 
nutrient broth culture and incubate at 37°C with the 
cap tightly screwed down to prevent air exchange. 
Observe after 24h and 48h for turbidity produced 
by growth. 

After use the cyanide in the medium should be 
destroyed by adding ferrous sulphate and alkali 
before submitting the cultures for sterilization. 


Slanvbutt ~~. Colour . | Utilization 
 Alkaline/acid Red/Yellow Glucose only fetmented; peptones utilized 
Acid/acid : Yellow/Yellow Glucose fermented; lactose and/or sucrose fermented 
Alkaline/alkaline Red/Red - No fermentation of glucose, lactose or sucrose; peptones utilized 
Organism ase ME OS: - Slant Sulphide production 
. Shigella dysenteriae =). 7 i - 
Sh. sonnei — - Bot Acid . + NC or Alkaline | - 
Shy fannie) 2 30 ob RP EE eae VE | : 
Salmonella Typhi — - Pai Acid —~ : NC + 
_S. Paratyphi A BC oo ke ee ) 
‘S. Choleraesuis } A¥aG and gas NG y 
S. Typhimurium | . age 
S. Enteritidis Acid and gas NC + 
S. Pullorum - 
" S.Gallinarum Acid NC + 
Escherichia coli | : + 
Enterobacter aerogenes Acid and gas Acid “4 
Enterobacter cloacae 
Proteus mirabilis Acid and gas Acid + 
_ Providencia retigeri Acid NC - 





Detection of motility — semi-solid agar 


In semi-solid agar media, motile bacteria “swarm’ 
and give a diffuse spreading growth that is easily 
recognized by the naked eye. Motility may thus 
be detected more easily than by the microscopical 
‘hanging drop’ method (see below). 

The exact optimal concentration of agar depends 
on the particular brand used and must be determined 
by trial; usually it is about 0.4% of Japanese agar 
or 0.2% of New Zealand agar. This is dissolved in 
nutrient broth or peptone water. It is important 
that the final medium should be quite clear and trans- 
parent, Dispense 10 ml amounts in test tubes and 
leave to set in the vertical position. Inoculate with a 
straight wire, making a single stab down the centre 
of the tube to about half the depth of the medium. 
Incubate under the conditions favouring motility. 
Examine at intervals, e.g. after 6h and 1, 2 and 
6 days when incubating at 37°C. Freshly prepared 
medium containing 1% glucose can be used for 
motility tests on anaerobes. 

Non-motile bacteria generally give growths that 
are confined to the stab-line, have sharply defined 
margins and leave the surrounding medmm clearly 
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(a) (b) 
Fig. 7.1 Diagram showing (a) growth of a non-motile organism 
restricted to the stab line in semi-solid nutrient agar, and (b) the 


diffuse growth, or ‘swarm’, of a motile organism extending as a 
zone of turbidity from the stab line. - 


-transparent (Fig. 7.la). Motile bacteria typically 
give diffuse, hazy growths that spread throughout 
the medium rendering it slightly opaque (Fig. 7.1b). 
The outgrowth may reach the walls of the tube 
after a few hours and the foot of the tube after one 
or two days. Itis best observed by contrast while there 
is still some transparent medium not yet invaded. 
The incorporation of tetrazolium chloride at a final 
concentration of 0.005% in the medium is helpful; 
this is colourless in oxidized form, but the reduced 
salt is red and indicates where bacterial growth has 
occurred, With a non-motile strain that yields motile 
variants, a discrete line of growth is formed along the 
stab and diffuse outgrowths then fan out from one 
or two points. Sharply defined finger-like outgrowths 
may be given by some kinds of poorly motile bacteria, 
and also by some kinds of non-motile bacteria, 
apparently by their ‘falling’ through clefts in the 
medium; these doubtful cases may be resolved by 
use of the ‘hanging drop’ method. 


Detection of motility by microscopy 


Unstained wet film 


1. With a glass-marking pen or diamond, draw a 
line across the middle of a slide. The mark will make 
it easier to focus the surface of the slide, and thus the 
film, in the absence of easily visible, stained material. 

2. Place beside the line a drop of the liquid speci- 
men or suspension. The drop should be large enough 
to form a complete film beneath a cover-slip, but 
not so large that much excess fluid exudes at the 
edges. 

3. Apply a cover-slip to the drop. Try to avoid 
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trapping large bubbles of air, lest when these are 
flattened they displace the fluid specimen from a 
large area of the film. 


4. If the film is to be observed over a period of 


more than a few minutes, it may be sealed against 
drying by the application of nail varnish or melted 
soft petroleum jelly to the margins of the cover-slip. 

5. Observe the film with the low-power 16mm 
dry objective. Focus the line and centre it in the field. 
In the absence of a line, focus and centre the edge 
of the film or the edge of an air bubble. 

6. Turn the high-power 4 mm dry objective into 
position and focus the line or bubble edge to bring 
the film into the correct focal plane. 

7. Defocus the condenser by racking it down- 
wards, or by swinging out its top lens, to reduce and 
diffuse the illumination. Unstained cells and bacteria 
are invisible in intense, focused illumination. Reduc- 
ing the illumination by defocusing the condenser, 
rather than by other means, has the additional advan- 
tage of rendering the unstained organisms more 
refractile and easily visible. 

8. If necessary, a wet film may be observed with 
an oil-immersion objective, but in that case special 
care must be taken because the viscosity of the oil 
tends to move the cover-slip during the adjustments 
of focusing and any movements of the slide. Currents 
so caused in the fluid may give a false appearance 
of motility in the organisms. 

Mothty of orgamsms. When examining living 
organisms for the property of active locomotion, 
it is essential to distinguish rrue motility, whereby the 
organisms move in different directions and change 
their positions in the the field, from either (1) passive 
drifting of the organisms in the same direction in a 
convectional current in the fluid or (2) Brownian 
movement, which is an oscillatory movement about 
a nearly fixed point possessed by all small bodies 
suspended in fluid and due to irregularities in their 
bombardment by molecules of water. 


Hanging drop prepara fion 


1. Use a ‘hollow ground’ slide, i.e. a glass slide 
with a shallow, circular concavity in its centre. 

2. Encircle the concavity with a line streak of soft 
petroleum jelly applied with a glass rod to the surface 
of the slide just outside the concavity. 

3. With a glass-marking pen, draw a V-shaped line 
on the surface of a cover-slip and then place a small 
drop of the liquid culture or suspension on the 
same side of the cover-slip within the angle of the V. 
As a drop 1s much thicker than a wet film, make sure 
that the suspension of culture is not so dense that the 
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crowded organisms obscure one another. If neces- 
sary, dilute the suspension. 

4. Invert the slide over the cover~slip, allowing it 
to adhere to the jelly. Then quickly turn round the 
slide so that the cover-slip is uppermost. The drop 
will then be hanging from the cover-slip in the centre 
of the concavity. If too big a drop has been used and 
it has touched and flowed on to the slide, discard the 
preparation and prepare another. 

5. Proceed to examine first with a low-power 
objective and then with a high-power one as de- 
scribed above for an unstained wet film. 


Tests for direct bacterial haemagglutinin 


Adhesiveness for animal cells is commonly indicated 
by a tendency of certain bacteria to adhere to and 
bind together red blood cells and thus cause ‘direct 
bacterial haemagglutination’. The bacterial haemag- 
glutinin may be a fixed part of the bacterial surface 
(see fimbriae, 13th Edn, Vol. 1, Ch.2) and this 
type of haemagglutinin is accordingly described as 
non-diffusible or structural, A few bacterial species 
produce a soluble amorphous or diffusible haemag- 
glutinin which diffuses into the surrounding medium 
and, though reacting with red cells, cannot bind the 
bacteria to these or to other substrates. 


Tile test for fimbrial haemagglutinin 


Red cells separated from fresh citrated guinea-pig 
blood are washed twice in physiological saline and 
made up to a 3% (v/v) suspension in fresh saline. A 
nutrient broth culture of the test organism is centri- 
fuged to deposit the bacilli. After removal of the 
culture supernatant, the bacillary deposit is re- 
suspended in the small amount of fluid remaining. 
A drop of the very dense bacillary deposit is mixed 
with an equal drop of the red cell suspension in a 
depression on a white tile at 3-5°C, and the tile is 
then rocked gently for 5 min while it is warming to 
room temperature. In the case of most fimbriate 
organisms, tests made at room temperature (15-20°C) 
without chilling the tile are entirely satisfactory. A 
few organisms, however, give haemagglutination at 
3—5°C but not at higher temperatures. 

The haemagglutination produced by fimbriaie 
organisms is seen with the naked eye and usually 
develops as a coarse clumping within a few seconds. 
Weakly active cultures produce a fine granularity 
within 2—3 min. Very poorly haemagglutinating cul- 
tures may show positive reactions only if mixing is 
continued for up to 30 min. If a very dense bacterial 
suspension is not used, weak reactions may be missed. 


TESTS FOR THE IDENTIFICATION OF BACTERIA 





Inhibition of fimbrial haemagglutination with mannose. 
The incorporation of a small drop of a 2% solution of 
D-mannose in the haemagglutination mixture (final 
mannose concentration 0.5%) specifically inhibits 
type | fimbrial haemagglutination (see Duguid et al 
1979). 


Tube test for soluble haemagglutinin 


To doubling dilutions of the test culture supernate 
in physiological saline (0.5 ml volumes), 0.5 ml 
aliquots of a 1% (v/v) red cell suspension in saline 
are added. The tubes are shaken and allowed to stand 
at room temperature for 1-2 h. The red cells settle 
into a characteristic pattern at the foot of each tube 
and this is conveniently viewed in a mirror, In the 
absence of haemagglutinin, the red cells form a dense 
central button. In the presence of soluble haemagglu- 
tinin, the red cells fall in a reticulum and this covers 
the base of the tube. The patterns are very similar 
to those described for myxovirus haemagglutination. 


NEW APPROACHES AND 
DEVELOPMENTS 


In Medical Microbiology, 13th Edition, Volume 1, 
Chapter 4, an account of the biochemical approach 
to bacterial classification includes considerations of 
cell-wall composition and DNA composition. In 
addition to differences in the metabolic products of 
bacteria that distinguish them and are exploited in 
our characterization systems, individual differences 
in chemical constituents of the bacterial cell are of 
taxonomic significance. Thus, high performance 
liquid chromatography, gas chromatography and 
gas-liquid chromatography can be used in classifi- 
cation and in the detailed identification of bacteria to 
distinguish genera, species, and sometimes multiple 
chemotypes; the chromatographic techniques may 
define end-products of metabolism or may identify 
specific cell components — see, for example, Watt et 
al (1993) for the rapid identification of mycobacteria. 

Similarly, in DNA analysis, the DNA base compo- 
sition as indicated by the G+C ratio (i.e. the percent- 
age amount of guanine and cytosine in the bacterial 
DNA) is relatively fixed for any one species. ‘Together 
with DNA homology studies, this provides important 
information for the characterization and classifica- 
tion of an organism. The fine discrimination made 
possible by some procedures is of use in epide- 
miological studies in which sub-strain variation and 
minor biovar expression may be of real significance. 
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These methods, now firmly established in taxo- 
nomic work, are forming thé basis of some identifi- 
cation procedures that are coming into more general 
use, The procedures range from determination of 
the amino-acid composition of cells to specialized 
chromatographic analyses of cell constituents and 

products; from. complex infra-red spectrometry to 
computer-linked mass pyrolysis spectrometry; and 
from the use of DNA probes to the exploitation of 
the polymerase chain reaction (PCR). Some of these 

‘procedures are in regular use at reference, research 
or special project levels, and some already have spe- 
cific applications to routine microbiology. There is 
much interest in their potential, especially if their 
sensitivity can be exploited and their specificity 
controlled. For example, the sensitivity of PCR tech- 
nology is such that laboratory cross-contamination 
can be a problem. Considerable advances are also 
being made in the immunological detection of 
bacterial antigens of the outer membrane complex 
by procedures that range from precipitin reactions 
through counter-current immunoelectrophoresis and 
polyacrylamide gel electrophoresis to immunoblotting 
techniques. 

There are many possible applications of mono- 
clonal antibodies that hold much promise; some are 
already exploited, such as the Phadebact monoclonal 
GC test (Ch. 14) which is a co-agglutination proce- 
dure for the rapid identification of gonococci. 

Meanwhile, an extension of the traditional ap- 
proach is to extend the range of identifiable enzymic 
activities that can be tested by developing a very 
wide range of special substrates linked with suitable 
indicator systems. The range of test substrates is 
matched with the range of organisms to be tested. 
This is the basis of the commercial systems described 
below. 


Commercial systems 


Identification methods are readily available from 
commercial sources. Some (e.g. Sensititre, Gibco, 
and API) are essentially a series of miniaturized clas- 
sical biochemical tests. The incorporation of anti- 
biotic susceptibility tests often provides additional 
useful information. Dehydrated substances in plastic 
cups are reconstituted when a fluid culture suspen- 
sion of the bacteria under investigation is injected. 
A biochemical profile of the organisms is obtained 
after 24—48h incubation at 37°C. The profile is 
translated into a numerical code which can be read 
from a key (Profile Index). Computer-based iden- 
tification services for unusual organisms are avail- 
able. In effect, the numerical code profile is checked 
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against information held in the database of the 


system. Rapid and accurate identification of organ- | 


isms is possible, but the quality and range of any 


such database are crucially dependent on constant © 


amendment and expansion to keep up to date with 
changes in taxonomy and current microbiological 
opinion. When difficulties are experienced with a 
limited test system, reference facilities with compu- 
ter-based identification may be made available by 
the company producing the system. - , 


Sensititre systems 


These systems offer biochemical identification and/ 
or antibiotic susceptibility testing (Sensititre). Stabi- 
lized dried media are incorporated into the wells 
of a microtitre plate. Fluorescence technology de- 
tects bacterial enzyme activity and measurement of 
this allows determination of growth and metabolic 
activity. The system will identify over 140 Gram- 
negative taxa, including non-fermenting organisms 
and pseudomonas species and over 40 Gram-positive 
species. The system can be run manually, or in 
semi-automated or automated mode using an IBM- 
compatible software package. Antibiotic susceptibility 
testing of Gram-negative and Gram-positive organ- 
isms Is also available using microtitre plates or, in the 
case of MICs for a single antibiotic, in strip form. 
Software packages allow epidemiological evaluation 
of identification and antibiotic susceptibility data. 


API systems 


‘These are now widely used by laboratories across 
the world for the definitive identification of many 
groups of organisms (bioMérieux), The systems 
include .\PI 20E and API 20NE for enterobacteria 
and other Gram-negative bacilli, API STAPH for 
staphylococci and API 20 STREP for streptococci, 
Other systems have been developed for yeasts and 
anaerobes. The Rapid 20E system allows the 
prompt identification of enterobacteria by detection 
of preformed enzymes in a suspension of the test 
organism and gives a result in 4h. Similarly rapid 
systems are also available for streptococci, anaerobes 
and neisseriae. They may be used manually, but 


‘automated technology allows standardization of ino- 


culum, reads the results, analyses the data and pro- 
vides a print-out. An integrated computer software 
program allows transfer of data to another computer 
system and provides, if required, information on the 
distribution of organisms within a hospital together 
with analyses of antibiotic sensitivity patterns that 
may be of epidemiological value. 























Other systems 


These include the use of paper discs: impregnated 
with biochemical substrates (e.g. Minitek, BioQuest, 
from Becton Dickinson). The discs are dispensed 
into special plates and a suspension of the test 
organism in broth is added. After incubation a 
biochemical profile is obtained which is dealt with 
in a similar way to that of the API system with 
numerical codes and computer-produced matrices 
of probabilities. 

Some commercial companies also produce mini- 
aturized methods of antibiotic susceptibility testing. 
These may use similar plastic strips or trays to 
those used in identification procedures or they may 
be based on multi-point systems (see below). 


* 


Multipoint methods 


An alternative approach to miniaturization is the 
commercial production of identification systems 
based on multipoint inoculation technology. Bio- 
chemical testing is done with substances incorporated 
in agar media. Some laboratories have developed 
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their own identification schemes using these methods. 
Biochemical profiles are generated and compared 
with information held in the database (see Faiers et al 
1991). A multiple-inoculating device can be used 
to transfer standard inocula of test cultures to their 
specific locations on a plate of test medium or to an 
array of media in tubes. These systems enable the 


laboratory to test many organisms simultaneously. — 


Incorporation of test antibiotics into such a system 
allows determination of antibiotic susceptibility by 
either MIC or breakpoint testing. When these tests 
are done with large numbers of different organisms, 
this methodology can be extremely cost-effective. 
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multipoint inoculated antibiotic susceptibility tests 
(using lyophilized antibiotic in Adatabs) and bio- 
chemical tests for the identification of the Entero- 
bacteriaceae. Data generated can be loaded into an 
epidemiological program. Patterns of distribution 
of a specific organism in a patient community, with 
details of the antibiotic susceptibilities of the strains, 
can be displayed and reported. 
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Laboratory control of antimicrobial therapy 


R.S. Miles S. G. B. Amyes 





Clinical microbiologists have a major role to play 
in advising on the prescription of antibiotics for 


either treatment or prophylaxis of infection and in 


monitoring antibiotic use and clinical efficacy. Close 
liaison with clinicians and clinical pharmacists and 
good laboratory practice are essential in providing 
an antibiotic advisory service of high quality. 

The bacteriology laboratory must provide first- 
class facilities for the culture and identification of 
relevant pathogens, and for the antibiotic sensitivities 
of these pathogens to a range of antibiotics to be 
determined. The in-vitro tests which may be per- 
formed include disc diffusion or breakpoint sensinvity 
testing and determination of minimum inhibitory con- 


_centration (MIC) and minimum bactericidal concentra- 


tion (MBC). In-vitro assessment of the activity of an 
antibiotic against a specific organism is performed 
under artificial, controlled conditions and the labora- 
tory results may not always be relevant to prevailing 
conditions in the individual patient. It is as well to 
remind clinical colleagues of the potential pitfalls 
of laboratory testing. Microbiologists and clinicians 
should remain aware of the difficulties associated 
with dosing, absorption, penetration and inactivation 
of antibiotics im vivo. 

In special circumstances, microbiologists must be 
prepared to offer assays of antibacterial activity in 
serum or other body fluids. An assessment of drug 
levels may be required in an attempt to prevent 
drug toxicity or to measure therapeutic efficacy. For 
some patients, there is a need to measure the activity 
of antibiotics (either singly or in combination) deter- 
mined in their serum or cerebrospinal fluid against 
the organism originally isolated from the blood or 
CSF. Such measurements may provide evidence 
of the need to modify the dose of antibiotic. 

The routine recording and reporting of sensitivity 
test data provides valuable information for micro- 
biologists when participating in formulating hospital 
and community antibiotic policies. A few pathogenic 
species are known to be almost invariably sensitive 


to certain antimicrobial agents, although in some 
parts of the world the situation is changing. For 
example, some strains of pneumococci are now re- 
sistant to penicillin. As strains of most pathogenic 
organisms differ from one another within their 
species in their antibiotic sensitivities, sensitivity tests 
are required as a routine. 

The accumulated sensitivity tests on all hospital 
and community isolates in a locality allow early, 
informed empirical treatment for a serious infection 
before the results of tests on a patient’s strain are 
known. Clinical microbiologists must be aware of 
current epidemiological probabilities. Clinical aware- 
ness, together with a ‘best guess’ of likely infecting 
organisms and their antimicrobial sensitivities, 
should allow successful empirical therapy. In this 
context, reference to national or international tables 
of information is of limited value; local information 
is essential. 


Routine sensitivity testing 


Clinical microbiologists are expected to provide 
clinicians with information that will assist in the 
choice of an appropriate antibiotic for their patients. 
Laboratory reports indicating that an organism is 
sensitive to an antibiotic imply that the organism is 
relevant to the patient’s clinical condition and that 
the infection is treatable under a given set of pharma- 
cological conditions (e.g. dose, route of admini- 
stration, absorption and distribution). Reporting of 
resistance implies that infection is not treatable with 
the antibiotic. The therapeutic relevance of labora- 
tory results is all-important to clinicians and the 
term ‘intermediate sensitivity is not generally useful, 
Microbiologists should decide, possibly in consulta- 
tion with the clinician, whether organisms should 
be deemed sensitive or resistant for clinical purposes. 
In circumstances where high doses of antibiotic can 
be used, or where the drug is concentrated at the 
site of infection, a report indicating sensitivity may 
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be appropriate even if the pathogen is less sensitive 


than usual to the particular antibiotic. 

All laboratory descriptions of antibiotic activity 
are determined by reference to a discriminating con- 
centration of antibiotic. Microbiologists have agreed, 
by consensus, the concentrations that differentiate 
between sensitivity and resistance and their aim is 
to encourage reproducibility of results within labora- 
tories. Clinical and microbiological confidence in 
in-vitro testing is not always supportable by available 
scientific or clinical information. Patients may not 
respond to what should be appropriate treatment, 
or they may recover without therapy. 


Disc diffusion methods of antimicrobial 
sensitivity testing | 
These methods are suitable for organisms that grow 
rapidly overnight at 35—-37°C. The various tech- 
niques are technically simple, cheap and reliable. 
Figure 8,1 illustrates the basic principle of disc 
diffusion methods. The antibiotic-impregnated disc 
absorbs moisture from the agar and antibiotic dif- 
fuses into the agar medium. The rate of extraction of 
the antibiotic from the disc is greater than the rate 
of diffusion. As the distance from the disc increases, 
there is a logarithmic reduction in the antibiotic 
concentration. The extent of antimicrobial diffusion 
is affected by the depth of the agar. Visible growth of 
bacteria occurs on the surface of the agar where 


- the concentration of antibiotic has fallen below its 
inhibitory level for the test strain. The time required 





to reach the critical cell mass (4 to 10 hours) is 
characteristic of each species but is influenced by 
medium composition and incubation time. The 
point at which the critical cell mass is reached appears 
as a circle of bacterial growth; with the middle. of 
the antibiotic disc forming the centre of the circle. 
The concentration of diffused antibiotic at the inter- 
face of growing and inhibited bacteria approximates 
to the MIC obtained in dilution tests. 

There is no single internationally accepted method 
of disc diffusion testing. In the USA a modification 
of the Kirby—Bauer (Bauer et al 1966) method is 


Fig. 8.1 Diagrammatic representation of the antibiotic 
concentration gradient produced by diffusion from a paper disc 
(D) on an agar medium. 
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used. This method is recommended by the National 
Committee for Clinical Laboratory Standards (Na- 
tional Committee for Clinical Laboratory Standards 
1984, 1987) and the World Health Organization 
(WHO). Standardization of the technique controls 
variation, and interpretation is by comparison of 
inhibition zones with published tables of critical zone 
diameters. 

In Europe, guidelines for diffusion methods are 
available from the European Committee for Clinical 
Laboratory Standards (European Committee for 
Clinical Laboratory Standards 1988). A 10-year 
International Collaboration Study (ICS) sponsored 
by WHO resulted in several countries developing 
their own ‘methodologies. Rigid standardization of 
technique is specified in these methods (Ericsson & 
Sherris 1971). Zone diameters are interpreted by 
reference to published regression lines that plot 
MICs for strains of different species against the zone 
diameter produced by a disc of the strength used in 
the test. The validity of this method is controversial 
(Krasemann & Hildenbrand 1980, Arvidson et al 
1981). 

In British laboratories the comparative method is 
widely used. Tests of organisms of unknown sensi- 
tivity and control organisms of known sensitivity are 
set up at the same time and in identical conditions. 
Interpretation involves comparison of sizes of inhibi- 
tion zones. There is no formal relationship of zone 
size to MIC. Criteria for interpretation depend on 
relating test results to experience of clinical efficacy 
of antibiotics. Testing both the unknown and contro! 
organism on the same plate (Stokes et al 1993) elimi- 
nates many variables except weight of inoculation 
and speed of growth. 

National guidelines for the standardization of 
antimicrobial sensitivity testing are available in the 
UK (Working Party of the British Society for Anti- 
microbial Chemotherapy 1991). Despite the publi- 
cauion of these guidelines, analysis of data from the 
UK National External Quality Assessment Scheme 
(NEQAS) reveals that major errors are common, 
particularly the reporting of false susceptibility and 
failure to use contro] organisms (Snell 1994). It is 
recommended that the Stokes same-plate method be 
used. 


aaa Snu-ph comparative disc diffusion 
tests (Stokes) 


Medium 


The medium must support good overnight growth 
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of test and control organisms; slow growth can result 
in the inhibition zones being abnormally large. The 
addition of 5% lysed horse blood is needed to support 
the growth of fastidious species such as Haemophilus 
influenzae. Lysed horse blood should also be added 
for tests with sulphonamides and trimethoprim; its 
content of thymidine phosphorylase is needed to 
neutralize the inhibitory effect of thymidine in the 
medium on the action of these drugs. Low levels 
of free Ca”* and Mg”* ions in the medium increase 
the action of aminoglycoside antibiotics against 
Pseudomonas aeruginosa, while high levels decrease 
it, Not all agars are suitable for sensitivity testing, 
and it is important to use an agar in which the 
amounts of undefined components are minimal, e.g. 
Iso-Sensitest agar (Oxoid, Unipath). Each batch 
must be demonstrated to be suitable (Andrews et al 
1990). 

Wilkins—Chalgren agar is recommended for testing 
’ anaerobic bacteria (King & Phillips 1988, National 
Committee for Clinical Laboratory Standards 1989), 
Disc diffusion testing of anaerobic organisms should 
be limited to those that grow overnight on Wikins— 
Chalgren agar. Diffusion sensitivity tests for other 
anaerobes may not be reliable. 

The addition of 5% NaCl to the medium is needed 
in one of the methods for detecting resistance to 
methicillin in strains of staphylococci (Barber 1964, 
Hewitt et al 1969). The combined effects of medium 
chosen, added NaCl and incubation temperature 
all affect expression of resistance to methicillin, Iso- 
Sensitest agar may not be as effective in detecting 
methicillin resistance as Mueller-Hinton medium, 
particularly when 5% NaC] is added to the medium 
(Brown & Yates 1986, French et al 1987, Milne et al 
1987, and see Ch. 11). Other additions should not 
be made to the medium unless it is certain that they 
are necessary and will not interfere with antibiotic 
activity. 

The pH of the medium must be close to 7,3. A 
more acid reaction decreases the activity of amino- 
glycoside and macrolide antibiotics. Incubation of 
the test plates in a CO,-enriched atmosphere, or 
fermentation of sugars in the medium, may lower the 
PH sufficiently to produce this effect. A more alkaline 
pH favours the action of tetracyclines, novobiocin 
and fusidic acid, but interferes seriously witn the 
activity of nitrofurantoin. 

The medium must be prepared exactly according 
to the manufacturer’s instructions and poured to a 
depth of 4 mm (25 ml medium) in flat-bottomed 9 cm 
Petri dishes on a level surface. When set, the plates 
may be stored for up to a week at 4°C; their surfaces 
should be dried with their lids ajar before use. 


Inoculum 


The ideal inoculum after overnight incubation gives 
even semi-confluent growth. Failure to standardize 
the inoculum is a common source of error. Too 
heavy an inoculum reduces the size of the inhibition 
zones produced by many antibiotics. Too light an 
inoculum not ‘only makes zone diameters difficult 
to read accurately, but may fail to reveal resistance 
mediated by the bacterial production of drug- 
destroying enzymes. ) 

Prepare the inoculum from material picked up with 
a loop from five to ten colonies of the species to be 
tested. This material should be suspended in saline 
or broth, or grown as an overnight culture in broth. 
The suspension or culture should then be diluted to 
yield the correct weight of inoculum. Precisely how 
much dilution is required is a matter of experience, 
for it depends on the method used to spread the 
inoculum and the species being tested. The density 
of the suspension to be inoculated should be meas- 
ured by comparison with an opacity standard, e.g. a 
barium sulphate suspension, Tests are likely to be 
less accurate if the required density is judged by eye. 
Once a satisfactory method of preparing inocula of 
the proper density has been discovered, it should be 
written down and strictly followed. 

The control inoculum should be spread in two 
bands on either side of the plate, leaving a central 
band uninoculated. This is best achieved with swabs 
impregnated with the control organism (Felmingham 
& Stokes 1972). Alternatively, a loopful of inoculum 
may be placed on both sides of the plate and spread 
with a dry sterile swab. The test organism is inocu- 
lated onto the central area of the plate in a similar 
manner (Fig. 8.2). An uninoculated gap 2—3 mm 
wide should separate the test and control areas. 
Apply antibiotic discs as in Figure 8.2. If a rotary 
plating method (Pearson & Whitehead 1974) is used, 
inoculate the control to the centre of the plate leaving 
a 15 mm band around the plate edge. Inoculate the 
test organism to the 15 mm band (Fig. 8.3) leaving a 
2-3 mm gap between test and control inocula. After 
the inocula have dried, apply antibiotic discs as in 
Figure 8.3 up to a maximum of six per plate. 


Control strains 


Recommended control stains are shown in Table 8.1. 
Tests of strains of Staphylococcus aureus that may be 
resistant to methicillin are more likely to be accurate 
if a contro! strain with that resistance is used (Snell 
i985). Such a strain is available on request from 
the Division of Microbiological Reagents and Quality 
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Fig. 8.3 Rotary plating method. 


Control, Central Public Health Laboratory, Colindale, 
London, to laboratories taking part in the United 
Kingdom National External Quality Assessment 


Scheme. Routine testing of enterococci should be 


done with NCTC 12697 as the contro] organism, 
and tésting for vancomycin resistance in enterococci 
should be done with ATCC 51299 as the control 
organism (Centers for Disease Control and Preven- 
tion Report 1994). 


Antibiotic discs 


Commercially prepared discs 6mm in diameter 
should be used (e.g. Oxoid, Unipath). Manufac- 
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Escherichia coli NCTC 1041 B Coliform: organisms . May 
Escherichia coli NCTC 11560 For tests on’ Brlactams. pie. 
2° Gnhibitors °° 3 
Pseudomonas aruginosa iat Peeudomonads.: igs 
-NCTC 10662... , ay ete 
Haemophilus influenzae. Haemophis opp.” 
INOTC WBS Tis FF oa ae 
Neisseria gonorrhoeae Sapte -Goneoded!™ . erie ah i 
“(sensitive Strain) * anak pet 57 oh eae i isaac ae 
Staphylococcus aureus Reid “Other organisms that wil 
NCTC’6571. = er grow: rpc ae ae 
Clostridium pertangens that, “ Glostrichum SPP: ene oe a8 
| NCTC: 11229 | ce | Lh oes 
| Bacteroides fragilis NCT C ‘ada Otner anaerobes © ais 
Enterococcus faecalis > ~ ~ Efiterooocci is a “ 
NCTC 12697. , nae ie 
Enterococcus faecalis - Enterococci (testing for: 
ATCC 51299 . Ven, resistance) 


Reproduced with permission from“A guide to sensitivity. 
testing’, Journal.of Antimicrobial Chemotherapy, 1991; 27, 
Supplement D, 1—50. 
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turers produce discs with accurate antibiotic content 
coded as recommended by WHO (World Health 
Organization Expert Committee on Biological 


Standardisation 1982, 1983), Discs and disc dis- | 


pensers should be stored in sealed containers with a 
desiccant, bulk stock being kept at —20°C if possible, 
otherwise at less than 8°C. Working stock, ‘also 
kept in sealed containers with desiccant, should be 
stored at less than 8°C. Before they are opened for 
use, the containers should be allowed to warm up 
slowly at room temperature to minimize condensa- 
tion of moisture, which may lead to hydrolysis of the 
antibiotic. Some workers prefer each day to remove 
from stock enough discs for the day’s work and dis- 
card any that are left over on its completion. Stocks 
of discs should be discarded on their stated expiry 
date. Metronidazole may deteriorate when exposed 
to light, and discs of it should be kept in the dark 
whenever possible. Discs should be applied to plates 
so that close even contact is made with the medium. 
Avoid leaving inoculated plates at room temperature 
before applying discs, as bacteria may multiply and 
this gives smaller zone sizes. Similarly, avoid leaving 
plates at room temperature after discs have been 
applied, as antibiotic diffusion may result in larger 
zone sizes. Recommended disc contents are shown in 
Table 8.2, When performing methicillin sensitivity 
tests with staphylococci, use either 5 1g methicillin 
or 1-2 ug oxacillin discs (see Ch. 11). Testing of 
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Ree coe Tenant Ny RN oe Sn a : 
Tabist So Stiltab i ? i : Re oy ae Leas ote me ate A gl 
metho cies sine clu lueing SE 
Antinilerobial | agent — _ Dise content 
(and test option) ~ tet A 
Benzylpenicillin 
~ staphylococci . 2 IU (1.2 yg) 
pneumococel and meningococe! 0.25 IU (0.15 pg) 
Ampicillin : ade net 
Enterobacteriaceae and enterococci 10 1g 
Haemophilus and Moraxella SPP. 2g 
__Amoxycillin/clavulanate » . tte Pe 
Enterobacteriaceae wakes ' 20 H9/10 ug 
‘Haemophilus Spp, Moraxella’ spp : 
and Staphylococci 2 uot Hg 
Piperacillin. ee nae 30 yg 
~“Meziocillin  ~ : 30 yg 
| -Aztocillin-_. i a ) 30 Wg 
Cephalothin - - . | ~~ 90pQ: . 
Cephalexin ee ~30 9 
Gephadroxil - ee te 30 jig 
Cephradine . 30 1g 
Cefuroxime 30 pg 
Ceftazidime 10 jg 
Cefotaxime ¥ 10 pig 
Cefsulodin | 30 yg | 
Methicillin | Sug | 
Carbenicillin 100 1g 
Ticarcillin 75 yg 
imipenem 10g 
Gentamicin 10 ug 
Amikacin 30 Wg 
Tobramycin 10 yg 
Neomycin 30 1g 
Netilmicin 10 pg 
» Erythromycin | Sug 
Clindamycin .. . 2ug 
Tetracycline 10 yg 
Fusidic acid ... 10 jig 
Chloramphenicol 
Enterobacteriaceae 30 pg 
haemophili, pneumococci and 10 ng 
meningococci 
Colistin : 1090 
Nalidixic acid 30 pg 
Nitrofurantoin 50 yg 
Sulphafurazole 
Enterobacteriaceae and enterococci 100,19 
meningococci 25g 
Trimethoprim 2.5 ug 
Trimethoprim/sulphamethoxazole 1.2 19/23.8 pg 
Spectinomycin 100 pg 
Vancomycin | 30 pg 
Rifampicin 5 ug 
Ciprofloxacin Tug 
-Mupirocin 
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-Reproduced with periniesion from ‘A guide to sensitivity 
_ testing’, Journal of Antimicrobial Chemotherapy, 1991, 27, 
Supplement D, 1-80. 


pneumococci for penicillin sensitivity should be 
done with either a 5 ug methicillin or a 1 [tg oxacillin 
disc. 





Choice of drugs for tests 


The drugs to be tested against each species of bacte- 
ria should be grouped in sets of six, the maximum 
number that can be accommodated on a single 9 cm 
diameter plate. The antibiotics in each set should be 
those most likely to be used for therapy of infections 
with a particular species. It is neither possible nor 
desirable to specify standard sets of drugs because 
of differences in local prescribing habits, in the re- 
sistance patterns of local pathogens, in the relevance 
of the cost, toxicity, pharmacokinetics and spectrum 
of activity of the antibiotics to the management of 
the illnesses of particular patients, and in the extent 
to which laboratory staff wish to test and report 
selectively, but the sets chosen should reflect these 
variables. Standardization of sets facilitates the rapid 
processing of isolates from large numbers of specimens. 

It is convenient to test routinely those antibiotics 
that are commonly prescribed by local clinicians 
(‘first-line’ tests) and to reserve for later (‘second- 
line’ tests) those antibiotics for which prescription is 
restricted to special circumstances. First-line tests 
should include any antibiotic currently being given 
to the patient, provided its spectrum ts relevant to 
the species being tested. 

Isolates of a species should not be tested with drugs 
that are valueless in the therapy of their infections. 
For example, aztreonam should not be tested against 
Gram-positive species. Similarly, vancomycin need 
not be tested against Gram-negative species, or 
cephalosporins against enterococci, or tetracycline 
and nitrofurantoin against Proteus species. Nalidixic 
acid and nitrofurantoin should be tested only against 
isolates from the urinary tract. It is unhelpful to test 
first-generation cephalosporins against Haemophilus 
influenzae, and sensible to restrict tests with methicil- 
lin and fusidic acid to staphylococci, and tests with 
chloramphenicol to H. influenzae, salmonellae, and 
isolates from superficial infections of the ear and eye 
which may be treated topically. 

Frequently, only one representative needs to be 
tested from any group of closely related drugs 
amongst which there is cross-resistance. Antimicro- 
bial group representatives, as recommended by the 
British Society for Antimicrobial Chemotherapy, are 
shown in Table 8.3. Not all British microbiologists 
agree with these recommendations and it can be 
argued that some antibiotics, e.g. aminogylcosides, 
4-quinolones and the acylureidopenicillins, should 
be tested individually (Amyes et al 1992). The 
drugs that combine a f-lactamase inhibitor with an 
acylureidopenicillin, e.g. piperacillin/tazobactam or 
amoxycillin/clavulanic acid, must be tested individually. 
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cinoxacin 

Aminoglycosides 
gentamicin 
tobramycin 
netilmicin 


amikacin 
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Incubation 


Plates should be incubated in air at 35-37°C 
overnight (ideally for 16-18 h). ‘Tests should not be 
read earlier. Demanding organisms, e.g. Neisseria spp 
require incubation in 10% CO). For other organisms 
the gas will affect the surface pH of the medium 
and may affect growth of inocula and the action of 
some antibiotics, e.g. aminogylcosides, quinolones 
and macrolides. Caution should be used in imter- 
pretation of results, and controls must be employed. 

The recommended temperature for methicillin 
sensitivity tests is 30°C, and plates may require 48 h 
incubation. Tests may be reliable when incubated 
at 37°C if 5% NaC] has been added to the medium. 
The effect is dependent on the medium used, and 
some strains of staphylococci are inhibited by 5% 
NaCl (see Ch. 11). 

Plates should not be stacked too high in incubators, 
as plates in the centre of stacks may warm slowly 
and this could affect zone sizes (Davies & Stout 
1971). Stack not more than three high. 


Reading and reporting results 


Discard any plates on which growth is not semi- 








confluent and repeat the tests. Measure the inhi- 
bition zones of the control strain, i.e. the distance in 
millimetres from the edge of the disc to the zone edge 
if that is obvious; if it is not, measure to the point of 
80% inhibition of growth. The measurement should 
be made with callipers, a millimetre rule or a ruled 
template, and on the agar surface, not through the 
glass or plastic bottom or lid of the dish. The zone 
sizes of the control strain should fall within predeter- 
mined limits. If they fall outside these limits, repeat 
the tests after correcting the cause of the divergence. 

It should be noted that some workers measure and 
describe ‘zone size’ as the diameter of the circular 
inhibition zone, including the antibiotic disc. In the 
present account, however, it is the radial width of 
the zone outside the disc that is described. If the size 
of the inhibition zones of the test strains are as large 
as, or larger than, those of the control strain, or if 
growth reaches to the disc’s edge, sensitivity or 
resistance is unequivocal and zone sizes do not need 
to be measured. Otherwise, measure the zone sizes 
with callipers. Comparing the sizes of the zones of 
the test and control strains by eye is not sufficiently 
accurate. Some strains of Proteus spp back-swarm 
into the inhibition zones during incubation; such 
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growth in the zone should be disregarded and meas- 
urements made from the zone edge if 1t 1s obvious. 
Swarming can be prevented by adding to the medium 


0.2 mmol/litre (43 mg/100 ml) p-nitrophenylglycerol——- 


(Sigma) and it is claimed that this does not interfere 
with the action of a wide range of antibiotics (Senior 
1978). Others (Ward et al 1993) believe that 
p-nitrophenylglycerol can affect the outcome of 
susceptibility testing. 

Three categories of sensitivity can be recognized: 
(1) sensitive: the zone size of the test strain is larger 
than, equal to or not more than 3 mm smaller than 
that of the control strain; (2) resistant: the zone size of 
the test strain is smaller than 2 mm; (3) intermediate: 
the zone size of the test strain is at least 2 mm, but 
also 3mm smaller than that of the control strain. 
There are a few exceptions to these general rules. 
Penicillinase-producing staphylococci show heaped- 
up zone edges in tests of penicillins; accordingly 
they should be reported as resistant to penicillin irre- 
spective of zone size. Similarly, polymyxins diffuse 
poorly in agar so that zones are small. Report as 
sensitive: zone radius equal to, wider than, or not 
more than 3 mm smaller than the control. Report as 
resistant: zone radius more than 3 mm smaller than 
the control. Zones around ciprofloxacin discs are 
large with some control strains. Report as sensitive: 
zones. equa! to, greater than, or not more than 7 mm 
(Staph. aureus and Ps. aeruginosa controls) or 10 mm 
(H+ influenzae and E. coh controls) smaller than the 
control. Intermediate: zone greater than 2 mm but 
smaller than the control by more than 7 mm (Staph. 
aureus and Ps. aeruginosa controls) or 10 mm (H. 
influenzae and E. coli controls). Report as resistant: 
zones of 2 mm or less. 

The validity of the intermediate category has 
been challenged and many laboratories do not like 
the term. Some strains may be truly of intermediate 
sensitivity, especially if the MICs of the antibiotic 
for strains in the species are distributed unimodally, 
but the reporting of their intermediate position is 
of clinical value only if the antibiotic in question 
can safely be given in full or increased dosage. The 
intermediate position of other strains is often ques- 
tionable; if they are retested, or examined in other 
ways, e.g. for the production of B-lactamase, they can 
often be placed in one of the other two categories. 

In some circumstances, simply measuring the 
zone size does not enable the strain to be categorized 
as sensitive or resistant. ‘The case of $-lactamase- 
producing strains is discussed in detail later in this 
chapter, In tests of nitrofurantoin against Proteus 
spp, inhibition zones may be present but are not a 
dependable guide to therapeutic sensitivity. The pH 
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of the test plate is considerably less alkaline and 
therefore less inhibitory to the action of nitrofuran- 
toin than the urine of many patients with Proteus 
infections.- For this reason, many- workers -prefer to 
record all Proteus strains as resistant to nitrofuran- 
toin, irrespective of the size of any zone of inhibition. 

The generic (non-proprietary) names of antibiotics 
should be used in reporting results of sensitivity tests. 
Laboratory reports have a considerable influence 
on the prescribing habits of clinicians and a measure 
of control over antibiotic prescribing can be exercised 
by the selective reporting of sensitivity test results 
(Davies 1982, Cooke et al 1983, Langdale & Miller 
1986). 
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Primary sensitivity tests 


In these tests the specimen serves as the inoculum. 
A portion of it is spread uniformly over part or whole 
of the primary culture plate and antibiotic discs are 
applied. If the inoculated part of the plate is less 
than half its total area, only two discs can safely be 
applied. If the specimen is spread over the whole 
of a plate, or in a peripheral ring that allows for 
inoculation of a control strain in the central area, up 
to six discs may be applied. 

Primary sensitivity tests are claimed to have the 
following advantages: (1) Results are available the 
next day, 1.e. a day earlier than those of tests on pure 
subcultures, and the additional labour and cost of 
performing the subculture tests is avoided. (2) ‘They 
may help to identify bacteria that have constant 
patterns of sensitivity to the antibiotics tested. (3) In 
mixed cultures they may help to separate the bacterial 
species with different sensitivities. (4) They may 
reveal the presence of small numbers of resistant 
variants. 

They have three disadvantages: (1) The weight 
of the bacterial inoculum cannot be controlled and, 
because it is often too light, the effort of setting up the 
primary tests may be wasted. (2) It is inconvenient 
to include a control strain in the primary tests, and 
even when one is included it may prove to be in- 
appropriate. (3) Because the identity of any pathogen 
present is unknown, the choice of drugs to be tested 
can be made only in terms of the organism thought 
most likely to be present. 

In practice, it'appears that primary sensitivity tests 
are of most value for specimens of urine, of some 
value for swabs or pus from patients attending acci- 
dent and emergency departments, but of little value 
for specimens from patients already receiving anti- 
biotics or for specimens from sites likely to be heavily 
contaminated, e.g. bedsores, varicose ulcers, vaginal 
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swabs and wounds infected. with mixed intestinal 
bacteria. For urine samples the concentration of 
bacteria in significant bacteriuria is generally close 
to that needed to produce semi-confluent growth, 
although it depends on first identifying specimens 
with significant mumbers of organisms, e.g. by 
microscopical examination. Otherwise the labour of 
setting up the primary tests will often be wasted 
(Waterworth & del Piano 1976). 

Caution must be exercised in reporting sensitivities 
observed in primary tests. Results should not be 
reported when the inoculum density is found to have 
been unsatisfactory. It is perhaps wisest to report the 
results as provisional only or to confine reporting 
to species for which the result is almost certainly 
appropriate, e.g. penicillin sensitivity of an organism 
identified as Streptococcus pyogenes or Streptococcus 
pneumoniae. 

Many bacteriologists use primary sensitivity tests 
to assist in the identification and separation of bacte- 
ria in primary cultures. The zone around each anti- 
biotic disc acts, in effect, as a kind of selective culture 
medium and colonies of resistant organisms may 
appear in a zone and be available for picking for 
identification, while elsewhere on the plate they are 
masked by those of a more numerous or vigorously 
growing sensitive species. Colonies of many anaero- 
bic species may be seen -in the zone around a high- 
content gentamicin or neomycin disc. Haemophili 
and enterocecci may be observed around penicillin 
discs. The presence of yeasts may be recognized from 
their growth around all antibiotic discs. 


Quality control 


High standards can be maintained only when routine 
quality control procedures are in operation. In the 
UK, external quality control is provided by participa- 
tion in the National External Quality Assessment 
Scheme (NEQAS). Information is available from 
the Quality Assurance Laboratory, Central Public 
Health Laboratory, 61 Colindale Avenue, London, 
NW9 5HT. 

Internal quality control requires that control 
organisms be stored freeze-dried or frozen at —20°C 
or below. Fresh working cultures of controls should 
be prepared every few months or earlier if contamina- 
tion is suspected. Working cultures should be stored 
on agar slopes and subcultured every 2 weeks. 

Maximum and minimum zone sizes should be 
predetermined. The mean of a series of control zone 
sizes should be close to the mid-point of the accept- 
able range. The limits of zone sizes should be based 
on at least 30 sequential observations. An acceptable 


range would be the 95% confidence limits, i.e. only 
one in 20 observations would be expected to fall 
outside the range. This may be calculated as the 
mean zone size plus or minus two standard deviations 
(Working Party Report 1991). 

Batches of antibiotic discs and new batches of 
media must be tested before routine use. The depth 
and pH of each medium should be monitored. It 
should be noted that the introduction of trainees or 
other changes in personnel at the bench may unduly 
influence zone sizes. Variations in inoculum size 
and in measuring zone size may occur, It is important 
that monitoring of incubation temperature is carried 
out and records should be kept as part of ongoing 
audit procedures. 


Minimum inhibitory and bactericidal 
concentrations 


The minimum inhibitory concentration (MIC©) is the 
least amount of antimicrobial that will inhibit visible 
growth of an organism after overnight incubation. 
The minimum bactericidal concentration (MBC) is the 
amount of agent that will prevent growth after sub- 
culture of the organism to antibiotic-free medium. 
The principal uses of MIC are in the determination 
of antibiotic sensitivities of organisms from patients 
with serious infections, e.g. infective endocarditis, 
and in measuring the antimicrobial sensitivities of 
slow-growing organisms, e.g. Mycobacterium tubercu- 
losis (see Ch. 18). Reference laboratories determine 
MICs as reference points in the evaluation and com- 
parison of new and existing antimicrobial agents. 
Determination of MBC is not routinely performed 
in clinical laboratories, the exception being in the 
management of endocarditis when the dose and com- 
bination of antibiotics may be adjusted according to 
MBC (Working Party Report 1985). 


Antimicrobial agents 


Preparations of known potency suitable for labora- 
tory use should be obtained from the manufacturers 
or from commercial sources, e.g. Mast, Unipath, 
Sigma. Pharmaceutical preparations are not suitable 
as standards. Table 8.4 shows suitable diluents and 
storage conditions for some commonly used ant- 
microbials. Containers with compounds held at 
~20°C or below should be allowed to come to room 
temperature before opening to avoid condensation 
of water. Repeated freezing and thawing of solutions 
is not acceptable because this causes loss of potency. 
In most cases, we make up the antimicrobial agent 
fresh before each use, This avoids any loss of potency 
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resulting from freezing, particularly with the J-lactam organisms should be within one 2-fold dilution step 
antibiotics. of expected MIC (Table 8.5). For broth dilution 
methods, set up and inoculate control tubes containing 
Median all ingredients except antibiotic. 

‘The medtum used must be able to support the 
growth of the test organisms; the constraints mentioned 
earlier should be recognized. With broth dilution Standardization of the inoculum is essential to 
methods, the nutrient broth may require supple- provide reproducible MICs. A properly prepared 
mentation. Agar plates should be used as soon as McFarland 0.5 turbidity standard (Working Party 
possible after preparation. They may be kept in Report 1991) is helpful in achieving the correct 
plastic bags at 4°C for up to 1 week, except for plates working inoculum of 10’ cfu/ml. After inoculation 
containing cefaclor, clavulanic acid and imipenem with a multi-point inoculator delivering 1—2 ul, the 
which should be made fresh each time. Plate surfaces final inoculum on the agar surface will be approxi- 
should be dry before inoculation. mately 10‘ cfu/spot. For broth dilution MICs the 
final inoculum should be 10° cfu/ml. When testing 
sulphonamides, an inoculum of 10° cfu/spot should 
be used; and when testing f-lactam agents against 
Control organisms (Table 8.1) must be incorporated organisms which produce extracellular (j-lactamases, 
in every batch of MIC tests. The MICs of control e.g. staphylococci, 10° cfu/spot. 


Inoculum 


Controls 
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_NOTC 10418 Catia" SOTO: 
 Ampicillin’amoxycillin Bs ais > 128°: 0.03 : Snes ee as : 
Amoxycillin/clavulanate® 4 AB paseatee sf pin, ele et ee 
Benzylpenicillin. 5 2.0 NA 0 Oe NAC «0.03, ata aaah wan es 3 
Cefotaxime ~~ A QTE 2 ei Oe vans i bie, Brena ae bie aN A OR eR i 
“Ceftazidime Og ier RH EMT aa Ae iat A a Fe ae ae ‘ 
» Cefgroxime see I 2 2 3128 cas Ft bios sae eran : 
 Clproffoxacin © : 0.016 dese ge OMZ. ‘re 0.12. pace Laie 
eearenyen cosy ee ae A beet eh a NAW as ss O42. dosh ess 4 
“Fusidicacid’ - 2s PNAS a AANA FBR ics 0.06 >: ae NAS! ety 
| “Gentamioin : PaQ2b oa © = tetas Te i, ee eS np eOd 7 
~“Imipenem= AQ hye er i RS i, Mie oie. peep? 0.08 +2: 
Methicillin: :- ire ANAS A ei foe A abe bake SANA L, | 
“'Netiimigin® 6 2 OB eo 0.25°5.. ont F644 
“Piperacillin = eo 0.5. tert Soe 80.6 e343 oat Aone 
ARMAMpIOIN yr et yas! We EN a ee BS 2 0.02..02: “70:25 
“Tetracycline at eve aati eat NA Ss * 0.1205. NA 
Tobramycin : QB in ee OS y= D125" "=. an «ae 
Vancomycin :_ we i es A mC citi 2 SMA, Ot hrs) 3 NA 


. Results obtained with an oculudi of 10° chuteniot after overnight incubation at 37°C. 


© Results for inocula of 10° and 408 cfu/spot. 
* Incubation at 30°C. 


4 Results obtained on Oxoid Wilkins—Chalgren agar with 5% horse blood at an inoculum of 10° éfu/spot atter 48 h incubation at 


37°C in an anaerobic cate {60% nitrogen, 10% CQs, 10% hydrogen); ‘similar results would ye expacied after incubation in an 


“anaerobic jar. 
~* Results expressed as amoxyeilin concentration. 
“NA = not applicable. 


Stock solutions of antibiotics 


It is conventional to prepare dilutions of antibiotic 
based on 1 mg/litre, i.e. 0.25, 0.5, 1, 2, 4, 8, 16 mg/ 
litre, etc. Closer dilution steps may be used if re- 
quired. The weight of antibiotic in mg required is 
calculated by the following formula: 


1000 
xVxCc=-= W 





where P = potency of preparation in relation to base; 
V = volume (ml!) required; C = final concentration 
of solution in multiples of 1000; and W = weight (mg) 
of antibiotic to be dissolved in V. 


Accurately prepared quantities of antibiotic contained 
in an inert substance are available commercially (e.g. 
Adatabs, Mast). A method for preparing working 
dilutions of antibiotic is shown in Fig. 8.4. Ranges 
of suitable antibiotic dilutions for individual groups 
of organisms are shown in Table 8.6. 


Incubation 


Plates or tubes should be incubated in an atmosphere 


After Lae to sensitivity testing’, Journal of Antimicrobial Chemotherapy. 1991, 27, Suapleinent D. 1-50. F 


iii 





appropriate for the organisms (in air, in air with 6% 
CO,, or in an anaerobic environment) at 35-37°C 
for 16-18h. Methicillin MIC tests should be 
incubated at 30°C. 


Results 


The MIC is defined as the lowest concentration of 
antibiotic at which there is no visible growth. Ignore 
hazy growth and one or two colonies on the ‘spot’ 
with the agar method. 

The broth dilution MIC test may be extended by 
subculture to measure the MBC (cidal concentra- 
tion). Before incubating the MIC tubes, remove a — 
large standard loopful from the tube without anti- 
biotic and spread it over quarter of a plate of nutrient 
medium free from antibiotic and incubate it. After 
incubation of the tubes, spread a similar loopful in 
the same way from each of the tubes not showing 
visible growth. If possible, incorporate on or in these 
plates an inhibitor of the antibiotic being tested. After 
incubation of the subculture plates, examine them 
for growth. The tube containing the lowest concen- 
tration of antibiotic that fails to yield growth on the 
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supplied by API and Sensititre. Lyophilized anti- 
biotics in microtitre trays are seeded with organisms 
suspended in broth. The manufacturer’s instructions 
for use must be followed. Results are available after 
overnight incubation. Alternatively, rapid testing will 
produce results in a few hours, but for interpretation 
this requires a computer link to the system. 

A new technique for measuring MIC has recently 
been developed by A B Biodisk. ‘The PDM Epsilo- 
meter (‘E’ test) has been developed for a direct 
quantification of antimicrobial susceptibility of micro- 
organisms. A predefined, continuous and exponential 
gradient of antibiotic concentrations is immobilized 
along a rectangular plastic test strip. ‘he test strip 1s 
applied to the surface of an inoculated agar plate. 
After overnight incubation a tear-drop-shaped inhi- 
bition zone is seen. The zone edge intersects the 
graded test strip at the minimum inhibitory concen- 
tration of the antibiotic. It is claimed that the system 
is suitable for anaerobic and fastidious organisms and 
is not affected by variation in density of inoculum 
or bacterial growth phase. Caution is urged when 
interpreting the results of testing quinolones against 
pneumococci; here the ‘E’ test may indicate false 
susceptibility (Andrews et al 1993). 


Interpretation of results 


Lists of minimum inhibitory concentrations are often 
difficult to interpret. It is, therefore, convenient to 
describe a series of MIC results by defined criteria. 


Enterobacteria FP aeruginosa H. influenzae Neisseria spp Bacteroides 
fragilis 

Aminoglycosides 0.03—128 0.06—128 0.12-16 0.5-16 - 0.008—128 
Amoxy/ampicillin 0.25-128 - 0.06-—125 0.004—32 1-128 0.03-—128 0.0068-8 
Amoxy/clavulanate* 0,25-126 - 0.06-2 0.004—32 0.5-128 0.008-1 6 ue 
Benzylpeniciflin - - - 0.004—32 4-126 0.03-—128 0.008—8 
Cefotaxime 0.004—128 0.5-512 0.004—0.06 0.004-0.5 0.5-128 0.5-128 0.004-—128 
Ceftazidime 0.004-128 0.25-64 0.015-0.5 0.004-0.5 4-128 2-128 0.03-128 
Cefuroxime 0.03-128 - 0.25-16 0.004—4 1-128 0.25-64 0.004—128 
Ciprofloxacin 0.004—8 0.015—8 0.002-0.03 0.001-0.015 2-6 0,06--2 0.12-8 
Erythromycin - 4 - 0.25-128 0.03—0.5 0.25-128 0.12-128 0.06-8 
Fusidic acid a ae ae - - - 0.03-8 0.5-128 
imipenem 0.12-32 " 0.25-128 0.06—4 0.004—1 0.015—1 0.004—1 0.004—16 
Methicillin - - - ~ - 0.5-128 - 
Metronidazole - — - - 0.06-32 _ - 
Piperacillin 0.25-128 0.6-512 0.004—128 0.015—32 0.25-128 0.25-128 0.015-8 
Rifampicin - - - 0.25-2 - 0.004—4 0.008-64 
Tetracycline 0.25-128 - - 0.06-126 0.25-16 - 0.05-—128 0.03-128 
Vancomycin = - = - = 0.03-8 0.12-16 


“Expressed as amoxycillin MIC; B-lactamase inhibitor either fixed at 2 mg/litre or in the commercially available ratio. 
After 'A quide to sensitivity testing’, Journal of Antimicrobial Chemotherapy, 1991, 27, Supplement D, 1-50. 





These criteria are the range, the MIC.,. and MICo, 
values (Fig. 8.5). These may be obtained by arrang- 
ing the MIC results from the lowest to the highest. 
Some laboratories present their results as cumulative 
MICs, in which the MIC values tested are plotted 
against the percentage of bacteria inhibited by this 
concentration. However, the data are now usually 
entered into a database and this sorting can be 
conveniently performed by almost any database or 
spreadsheet computer programme. 

Range. The range of MICs is simply the lowest 
and the highest MIC value in this series and is often 
expressed as, for example, 1.0—512 mg/litre. The 
range of MICs establishes the spread of the results. It 
allows an easy comparison of two populations and 
shows whether they are similar or not. Essentially 
its sensitivity is determined by concentrations of 
antibiotics used in the MIC determinations; if an 
inadequate series is tested, then the range may mis- 
represent the sensitivity of the population. The 
Working Party of the BSAC have laid down recom- 
mendations for the concentrations used in MIC 
determinations and if these are adhered to, then the 
ranges can easily be contrasted. The range shows 
only the spread; it does not identify the distribution 
within that spread. 

MIC. It is often convenient to know the 
median of the series, i.e. the MIC value of the strain 
that appears 50% up the series. This is also readily 
obtainable by a computer program. After sorting the 
data, the computer is requested to count the number 
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Fig. 8.5 Typical cumulative MICs for sensitive and resistant bacterial populations. The graph shows the cumulative MICs for 
two bacterial populations. The population in white is sensitive to the antibiotic whereas the population shown in black contains 
resistant organisms. The ranges for the two populations are shown on the right-hand side. The median MIC value (MIC 50%) 


and the MIC 90% are also shown. 


of MIC determinations in the series and divide this 
figure by two (N). The computer is then asked what 
is the MIC value at point N in the series. This median 
figure will allow a broad comparison of the popu- 
lation with others. However, most MIC data are 
intended to establish whether resistance 1s a problem 
or is emerging. The MIC.) is too crude to establish 
this. Two populations may have identical MIC«<, 
values, but a proportion of one population may be 
more capable of resisting the antibiotic being tested 
than the other. When resistance emerges in a bacte- 
rial population, it is often manifested by a few strains 
showing significant increases in MIC whereas the rest 
of the population remains unaffected. When this is 
the case, the MIC., values could well be the same, so, 
on its own, it is not sufficiently sensitive to compare 
two populations. A more significant measurement 
would be to determine the MICo, value. 

MIC. ‘The MICop value is obtained in a similar 
manner as that for the MIC., except that it 1s the 
MIC value of the strain that appears 90% up the 
series. An antibiotic is likely to be considered success- 
ful if more than 90% of the population are inhibited 
by it. The MIC., value will show this readily, It 
will also show if resistance is beginning to emerge in 
a population. Although this will be reflected by an 
increase in the upper value of the range, the range 
will not show how many bacteria have decreased 
suscepubility. The MICo, value will show when 10% 
are thus affected. Most MIC data show the range, 
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MIC. and MICop. values, though some now miss out 
the MIC., figure. 


Breakpoints 


Although the MIC determination may give the 
maximum information about bacterial sensitivity to 
antibiotics, for the routine laboratory it is both ex- 
pensive and time-consuming. In order to recommend 
a suitable antibiotic, it is essential to determine 
whether the causative organism is sensitive to the 
concentraticn of antibiotic achieved at the site of 
infection — hence the compromise of the agar dilution 
MIC determination whereby the bacteria are tested 
against (usually) a single concentration of antibiotic. 
Sometimes this may be extended with two distinct 
concentrations used, a high value and a low value. 
The test is set up in exactly the same manner as the 
MIC determination, adhering to al! the conditions 
of antibiotic concentration, media, inoculum, etc., 
noted. The fixed concentrations of antibiotic may 
either be provided by preparing suitable concentra- 
tions 1n the agar plate from stock solutions, or, more 
usually, by placing an Adatab (Mast) on to the plate 
and adding a fixed volume of media. The agar is 
inoculated with a multipoint inoculator delivering 
1-2 ul! on to the surface of the agar plate. The plates 
are incubated as previously described. Examination 
of the plate shows whether the bacterium has been 
inhibited, in which case it 1s considered sensitive and 
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suitable for treatment with the test antibiotic, or the 
. bacterium has grown, in which case it is considered 
resistant and unsuitable for treatment. 


Choice of breakpoints 


There has probably been no area of greater contro- 
versy in sensitivity testing than the choice of break- 
points. These vary for the same antibiotics in relation 
to the same pathogens occurring at the same sites of 




































infection at different centres throughout the world. 
Most major developed countries have devised their 
own breakpoint values based on their own experi- 
ences. However, the background sensitivities of the 
pathogens that they are testing are very different. 
The initial choice of breakpoint has been based on 
the C,,,,, the maximum concentration of antibiotic 
at the site of infection. This means that breakpoints 
should be determined for every pathogen at every 
site of infection, but this is rarely the case. Usually 
a low breakpoint is based on % C,,,,, and the high 
| breakpoint equals C,,,,,, the value taken soon after 
the administration of a standard dose of antibiotic. 
| The low breakpoint applies to normal! doses for 
general infections and the high breakpoints apply 
to the designation ‘intermediate sensitivity’ (e.g. for 
| aminoglycosides, trimethoprim, quinolones) under 
| conditions of increased dosage or normal] dosage 
when the antibiotic is locally concentrated (e.g. in 
Enterobacteria + Pseudomonas 
Benzylpeniciliin 
Ampicillin/amoxycillin 4+ 32 
Methicillin NT 
Azlocillin 16 + 64 
Cephalothin/cephalexin 4+16 
Cefuroxime/cefoxitin 6 + 32 
Cefotaxime/ceftizoxime 2+16 
Ceflazidime 4+16 
Gentamiciniobramycin 2+8 
Trimethoprim 4+16 
Sulphamethoxazole NT 
Chloramphenicol 8 
Erythromycin NT 
Fusidic acid NT 
Clindamycin NT 
Vancomycin NT 
Nitrofurantoin NT 
Nalidixic acid NT 
Ciprofloxacin 1+4 


——— SS ——— ——_—_—_— 


NT = routine testing nol recommended. 


ntration (mgllitre) of agents commonly tested by the breakpoint method. 


After 'A guide to sensitivity testing’, Journal of Antimicrobial Chemotherapy, 1991, 27, Supplement D, 1-50. 
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the urinary tract). The Working Party of the BSAC 
has made recommendations (Table 8.7) which are 
based not only on C,,,, values but also on practical 
experience. 

The choice of breakpoints becomes particularly 
difficult when drug combinations are used. ‘The use 
of breakpoints infers that the C,,,, and half-lives of 
the component parts of the drug combination will 
be very similar. This is often virtually impossible 
to guarantee. The two drug combinations most often 
tested in the UK, though not the USA, are co- 
trimoxazole (trimethoprim and sulphamethoxazole) 
and co-amoxiclav (amoxycillin and clavulanic acid). 

Co-trimoxazole is normally administered as a 
preparation of | part trimethopmm to 5 parts 
sulphamethoxazole. This is based on the supposition 
that these two drugs will reach the ratio of | part 
trimethoprim to 20 parts sulphamethoxazole in the 
serum, which is the ratio shown to give the maximum 
in-vitro interaction. A ratio of 1 part trimethoprim 
to 20 parts sulphamethoxazole is also the one which 
is often used for the in-vitro sensitivity tests, How- 
ever, most infections treated with co-trimoxazole 
are not in the serum but are in the lower respiratory 
tract and the urinary tract. The respective ratios 
of trimethoprim:sulphamethoxazole are 1:5 in the 
former and 1:2 in the latter, but these ratios are 
never tested. It is unlikely, with more than 50% of 
many pathogens resistant to sulphamethoxazole, that 
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the clinical microbiologist would recommend the 
use of co-trimoxazole unless the pathogen was fully 
sensitive to trimethoprim. Thus rather than test the 
combination, testing trimethoprim alone should be 
sufficient. This also overcomes the inherent difh- 
culties in the interpretation of sulphamethoxazole 
breakpoint tests, which are complicated by incom- 
plete inhibition and by the presence of antagonists 
in the sensitivity test medium, some of which are 
impossible to remove. If the organism is sensitive 
at the trimethoprim breakpoint, then the clinician 
and microbiologist are free to decide whether 
trimethoprim alone should be the choice or whether 
co-trimoxazole (with the risk of reactions to the 
sulphonamide component) should be used. 

_ Co-amoxiclav is usually administered in the ratio 
of 2 parts amoxycillin to | part clavulanic acid in its 
oral preparation and 5 parts amoxycillin to 1 part 
clavulanic acid in the intravenous preparation. Co- 
amoxiclav sensitivity tests are often performed in 
Europe, but rarely as a routine in the USA. It is 
generally agreed that tests done with the combination 
should be expressed in terms of the concentration of 
the amoxycillin, the active antibacterial! component. 
However, it is far less easy to establish a consensus 
for the concentration of clavulanic acid that should 
be tested. The question arises as to whether a fixed 
concentration of clavulanic acid should be tested 
with whatever amoxycillin concentration is used or 
whether the clavulanic acid concentration should 
be half that of the amoxycillin. The Working Party of 
the British Society of Antimicrobial Chemotherapy 
(1991) were non-committal about this and suggested 
that either was possible. The manufacturers of co- 
amoxiclay recommend that the combination be 
always tested at the ratio of amoxycillin:clavulanic 
acid of 2:1. Indeed, in the USA, the NCCLS guide- 
lines recommend the ratio of 2:1. This 1s an interesting 
contrast because NCCLS guidelines for the sensi- 
tivity testing of (1) ticarcillin and clavulanic acid, 
and (2) piperacillin and the B-lactamase inhibitor 
tazobactam, recommend a fixed concentration of 
the {}-lactamase inhibitor. These are also the recom- 
mendations of the manufacturers of the two latter 
combinations in the UK. In some countries in 
Europe, particularly France, it 1s recommended that 
the sensitivity testing of all B-lactamase inhibitor 
combinations should always be performed with a 
fixed concentration of ft-lactamase inhibitor (e.g. 
2 mg for clavulanic acid; Soussy et al 1994). Recent 
reports suggest that when testing f-lactamase- 
producing strains, the use of the constant ratio of 
amoxycillin:clavulanic acid of 2:1 will indicate that 
more strains are sensitive to the combination than 
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when a fixed concentration of f-lactamase inhibitor 
is used. If as clinical microbiologists, we should err 
on the side of caution, we should recommend that 
all §-lactamase inhibitor combinations are tested at 
fixed concentrations of §-lactamase inhibitor. 


Advantages of breakpoint testing 


The advantages of breakpoint testing ‘are largely 
financial, First, the procedure allows a large number 
of sensitivity tests to be performed on a single plate. 
We regard 50 spots per plate as a suitable number, 
but some multipoint inoculators can distribute up 
to 96 spots on to the surface of a conventional agar 
plate. Thus, six plates with different antibiotics could 
provide a comprehensive sensitivity profile for up to 
96 isolates. Ninety-six separate pjates would be re- 
quired for conventional disc diffusion tests. Second, 
interpretation is very much more straightforward 
than for disc diffusion tests, as the plates simply show 
growth or inhibition at the test drug concentration. 
There are other financial implications. Breakpoint 
plates can be examined and the results recorded by 
a relatively inexperienced person, or the task can be 
done automatically by a video camera attached to a 
computer. In the latter case, the Mastascan I] system 
(Mast) can be programmed to recognize bacterial 
growth on the surface of the plate. Growth at a par- 
ticular point signifies resistance, and the computer 
attached to the video camera can record this. 


Disadvantages of breakpoint testing 


The very economies provided by the breakpoint 
system make it more difficult to detect when the 
procedure is working inefficiently. Strict controls 
must be incorporated, including the simultaneous 
testing of bacteria known to be sensitive and known 
to be resistant to each of the test antibiotics at the 
test concentrations. Rigorous checks should be made 
to determine that the concentration of antibiotic is 
correct and that the interpretation is valid. On the 
other hand, the disc diffusion test and the examina- 
tion and measurement of zone sizes allows the expe- 
nenced microbiologist to identify any peculiarities 
such as mixed cultures, incomplete inhibition, hazy 
growth, and so on. With the breakpoint system, inter- 
pretation is more rigid. 


5-lactamases 


Simple laboratory tests of sensitivity to penicillins, 
cephalosporins and similar compounds may be in- 
sufficient to indicate whether these antibiotics should 
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be used. The main factor compromising the clinical 
efficacy of these drugs is usually the production of a 
f-lactamase. The manifestation of this enzyme as a 
resistance mechanism is sometimes difficult to dem- 
onstrate in vitro; for example, the bacterial concen- 
tration needs to be sufficiently high (> 10° cells/ml), 
and the enzyme must be induced, etc. In the case 
of agar diffusion tests, there is often insufficient B- 
lactamase production from the test organism before 
an inhibitory concentration of antibiotic has diffused 
from the disc. Similarly, in breakpoint testing, the 
concentration of antibiotic in the plate inhibits 
bacterial growth, and thus protein synthesis, before 
sufficient B-lactamase can be produced to inactivate 
the antibiotic. Thus, apparent sensitivity in the 
diagnostic test may fail to reveal a latent and potent 
resistance mechanism. This may readily be found not 
only with organisms such as Haemophilus influenzae, 
Neisseria gonorrhoeae and Staphylococcus aureus, which 
can be potent B-lactamase producers, but also with 
some of the large Gram-negative rods such as Serratia 
and Enterobacter spp, where the enzyme has to be 
induced. In all such cases, often the only feasible 
method for the determination of f-lactam resistance 
may be to demonstrate the physical presence of an 
active §-lactamase. 

The determination of $-lactamase production in 
H. influenzae, Moraxella catarrhalis and N. gonorrhoeae 
may be achieved by a biochemical test for the 


enzyme’s presence. This has been achieved in the 


past by measuring the production of penicilloic acid, 
which is produced when f-lactamases hydrolyse 
benzylpenicillin. The acid production has been 
detected by (1) measuring the change in pH with 
an indicator dye (acidometric method), or (2) by 
exploiting the ability of penicilloic acid to reduce 
iodine and reverse the formation of the blue colour 
when the latter complexes with starch (iodometric 
method). 


Acidometric method 


Filter paper is impregnated with penicillin and a 
pH indicator dye. This may be commercially avail- 
able but can be made quite easily. Bacterial growth 
from an overnight agar culture is applied to the paper. 
If the strain is a B-lactamase producer, it lowers the 
pH and alters the colour of the indicator. This is 
a relatively insensitive technique and will not detect 
the B-lactamases of M. catarrhahs. 


lodometric method 


Two reagents are required for this determination: 


a 1% soluble starch solution prepared by dissolving 
the starch at 100°C, and an iodine reagent consisting 
of 2.03 g iodine and 5.32 g potassium iodide in 
100 ml distilled water. From an overnight culture 
of the test organism, a heavy suspension is made 
(containing 10° colony-forming units/ml) in 100 mM 
sodium phosphate buffer at pH 7.3 containing peni- 
cillin at 6 g/litre. A negative control test 1s done 
without the organisms. An organism known to pro- 
duce f-lactamase is often tested in parallel as a posi- 
tive control. Set up the test and controls in parallel by 
placing 0.1 ml aliquots into the wells of a microtitre 
plate. After incubation for 1h at 37°C, two drops 
of the freshly prepared 1% soluble starch solution 
are added to each well. A drop of the iodine reagent 
is added. If the blue colour is Jost within 10 min, the 
presence of a f-lactamase is inferred. If, however, 
the blue colour persists, the culture is considered to 
be f§-lactamase-negative. This test is also relatively 
insensitive. 


Chromogenic cephalosporin method 


Both the above techniques rely on the fact that the 
B-lactamase under test is a penicillinase; although 
this is likely to be true when estimating fi-lactammase 
production in H. tfluenzae, M. catarrhalis and N. 
gonorrhoeae, it may not always be the case with other 
species. : 

A more sensitive technique is to measure f[- 
lactamase activity with a chromogenic cephalosporin, 
usually nitrocephin. Nitrocephin is normally yellow, 
but when the B-lactam ring is hydrolysed: it turns 
red. In addition, for many f-lactamases, nitrocephin 
is the substrate that is most readily hydrolysed by 
the enzyme. This property makes it often the most 
sensitive detection system and it provides a very 
rapid and convenient method for the detection of 
§-lactamases. It is available impregnated in small 
rods (Oxoid, Unipath). If a rod is touched on to a 
colony of a fi-lactamase-producing strain, a red 
colour may develop within seconds, It is often more 
convenient to use nitrocephin in solution and this is 
prepared at a concentration of 500 mg/litre by dis- 
solving in a minimal volume of dimethyl sulphoxide 
(DMSO) and then making the volume up with 
50 mM sodium phosphate buffer at pH 7.0. The 
solution should be stored frozen (—20°C) in the dark 
and will keep for a month or more, even if thawed and 
rapidly refrozen. 

The nitrocephin solution may be used in one of 
three ways to detect f-lactamase activity. The most 
sensitive and cost-effective method is to inoculate 
50 pl of a heavy suspension of bacteria into the well 
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of a microtitre plate and add 10 ul of the nitrocephin 
solution. There should be no need to incubate the 
microtitre plate. A red colour should develop in the 
well containing a {-lactamase producer within 30 
minutes. The second method is to place a drop of 
the solution on to a colony growing on solid medium. 
A colour change from yellow to red, indicating the 
presence of the f-lactamase, often occurs within sec- 
onds. This test may require incubation of the plate, 
and the red colour may be unstable in the presence of 
agar. In the third method a few drops of nitrocephin 
solution are added to an overnight broth culture of 
the bacterium. Although the colour change to red 
may occur quickly, some tests may require incuba- 
tion for up to 30 minutes. Nitrocephin is very ex- 
pensive and the third method usually requires more 
nitrocephin. It should be noted that some. strains 
produce §-lactamases that do not readily hydrolyse 
nitrocephin and may not be identified by these tests 
but, at present, they are rarely encountered. 


Staphylococcus aureus 


The determination of f-lactamase production in 
Staphylococcus aureus may be inferred by examination 
of the zones around a disc contaiming benzyl- 
penicillin; these are often large, but the growth just 
outside the zone of inhibition is characteristically 
‘heaped-up’ and comprises full-sized colonies. Strains 
showing this appearance should be reported as re- 
sistant to penicillin regardless of the size of the zone 
of inhibition, f-Lactamases in S. aureus can also be 
tested directly but the enzyme may be inducible. 


Inducible B-lactamases 


The chromosomally-encoded f[-lactamases of many 
large Gram-negative rods, such as Enterobacter spp 
and Pseudomonas spp are scrine-based Ambler class 
C enzymes whose expression is often strictly re- 
pressed, ‘The enzyme production can be induced to a 
high level of expression, yielding sufficient enzyme 
to confer resistance. When the inducer f}-lactam 
antibiotic is withdrawn, the level of enzyme expres- 
s10n returns to its basal level. This response by the 
host bacteria to a f\-lactam challenge conserves 
energy by ensuring that the strain is not producing 
high levels of B-lactamase when it is not required. 
A mutation in the induction mechanism can ensure 
that the production of B-lactamase loses its normal 
repression and these constitutive mutants are termed 
stably derepressed. The induction of the f-lactamase 
may Or may not be an important resistance mecha- 
nism; however, the constitutive $-lactamase pro- 
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duction of a stably derepressed mutant is significant. 
The ability to induce is an index of the potential 
formutation to stable derepression; thus, if-micro- 
biologists are looking for the risk of treatment 
failure, it must sometimes be necessary to induce 
§-lactamase production in some strains. 

A simple technique for screening for potentially 
inducible enzymes is to test sensitivity to cefoxitin 
in likely species. This cephalosporin is a very potent 
inducer of class C B-lactamases. Cefoxitin-resistant 
Enterobacter spp, Citrobacter spp, Hafnia alvet and 
some Serratia spp often have inducible f-lactamases. 
The procedure is not an absolute test because it 
does not work with the f-lactamases of all of the 
species of Serratia, such as Serratia marcescens, and 
it does not identify the cefoxitin-sensitive class C 
B-lactamases of Proteus and Morganella species. 

An induction system cam be detected by the 
exposure of a test strain to two [J-lactams, one a 
potent inducer such as cefoxitin and the other known 
to be a weak inducer, e.g. cefotaxime. The strong 
inducer antagonizes the action of the weak inducer. 
In practical terms, a lawn of the test strain 1s exposed 
to discs of these B-lactams, cefotaxime (30 Ug) and 
cefoxitin (30 pg), arranged in pairs. The discs are 
arranged so that the distance between them is ap- 
proximately twice the radius of the inhibition zone 
produced by cefotaxime tested on its own. After 
overnight incubation, if induction takes place, the 
radius of the inhibition zone around the cefotaxime 
disc is flattened on the side nearest the cefoxitin disc 
(Fig. 8.6). A further refinement in this test is to 
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Cefotaxime disc Cefoxitin disc 


Fig. 8.6 Disc diffusion test demonstrating the presence of an 
inducible fi-lactamase. A disc containing cefotaxime is placed on 
the surface of the agar. At a suitable distance, a disc containing 
cefoxitin is also placed on the agar surface. If, after overnight 
incubation, the circumference of the inhibition zone around the 
cefotaxime disc is flattened on the side facing the cefoxitin disc, 
an inducible fi-lactamase is inferred. 
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incorporate the inducer into the agar; for example, 
this may be cefoxitin at approximately one quarter 
of the MIC. Plates lacking the inducer are also 
prepared. The two plates are seeded with the test 
organism to produce semi-confluent growth, and 
cefotaxime discs (30 pg) are added to both plates. 
The zone sizes on both plates are subsequently meas- 
ured accurately and a reduction in the zone size of 
more than 3 mm on the plate containing the inducer 
indicates induction. Both tests have the inherent 
problems associated with disc sensitivity testing. 
The double disc method has the added difficulty of 
ensuring that the two discs are at the correct distance 
apart, whereas the agar incorporation method 
requires that the correct inoculum be applied. 


Extended-spectrum }-lactamases 


Extended-spectrum f-lactamases are the result of 
mutations in the ubiquitous class A TEM or SHV 
B-lactamases. TEM-1 accounts for 75% of all 
plasmid-encoded amoxycillin resistance throughout 
the world and for the majority of all B-lactamase- 
mediated resistance. The later generation cephalo- 
sporins were developed in part to overcome the 
effect of this widespread enzyme. Although it was 
confidently believed that the TEM and SHV f- 
lactamases could never confer resistance to these 
later cephalosporins, a series of mutations in the 
TEM and SHV molecules provided us with a legacy 
of nearly 30 new enzymes that can confer resistance 
to nearly all cephalosporins, including cefotaxime 
and ceftazidime. It is generally recognized that many 
of these extended-spectrum TEM and SHV f- 
lactamases pass through most clinical populations 
undetected. They have caused enormous clinical 
concern both in Europe and in the United States. 
A diagnostic laboratory, even if it does not 
routinely test for extended-spectrum [-lactamases, 
should at least know how to do so, The common 
extended-spectrum f}-lactamases all remain sensitive 
to inhibition by clavulanic acid. Therefore, any strain 
that is resistant to ceftazidime or cefotaxime but 
becomes sensitive in the presence of clavulanic acid, 
is likely to contain an extended-spectrum [}-lactamase. 
This can be readily demonstrated by a double disc 
test, but no discs of clavulanic acid are commercially 
available. However, it is possible to use the clavulanic 


- acid content of co-amoxiclav discs. In practical 


terms, a Jawn of the test strain is exposed to discs 
of a later generation cephalosporin, e.g. cefotaxime 
(30 Lg) or ceftazidime (30g), and a disc of co- 
amoxiclav (20 g amoxycillin/10 ug clavulanic acid) 
arranged in pairs. The discs are arranged so that 


the distance between them is approximately twice 
the radius of the inhibition zone produced by the 
later generation cephalosporin tested on its own. 
After overnight incubation, if the test strain has an 
extended-spectrum [}-lactamase, the inhibition zone 
around the cephalosporin disc is extended on the 
side nearest the co-amoxiclav disc (Fig. 8.7). 


Serum bactericidal activity 


The test measures the cidal activity of the serum of 
a patient receiving treatment, against the infecting - 
organism isolated from the patient. It has been widely 
used to contro] the treatment of serious infections, 
especially endocarditis, and is similar in concept to 
the measurement of minimum bactericidal concen- 
trations (Wolfson & Schwartz 1985). Bactericidal 
titres of serum against the organism should be at 
least 1 in 4 for trough (pre-antibiotic dose) serum 
and at least 1 in 8 for peak (usually 1h after the 
dose) serum. Many clinicians prefer to see peak 
activity of 1 in 64, believing this level more likely 
to be associated with clinical cure (Reller 1986). 
The test may also be useful in controlling antibiotic 
treatment of Gram-negative infections in neutro- 
penic patients (Sculier & Klastersky 1984, Martino 
et al 1985), in monitoring antibiotic activity in the 
CSF of neutropenic patients with acute meningitis, 
and in investigating patients with acute osteomyelitis 
who show evidence of limited clinical response to 
their current treatment. 


Method 


In tubes of a suitable nutrient broth prepare | mi 
serial two-fold dilutions of serum from trough or 
peak blood samples; into each tube inoculate one 
drop of a l-in-10 dilution of an overnight broth 
culture of the patient’s infecting organism (final 
inoculum 10° cfu/ml). Set up two control tubes of 
broth, one seeded with the organism, the other not. 
Before incubating the tubes overnight at 37°C, mix 
well and remove a standard loopful from the seeded 
control broth and plate it on blood agar to serve as 
a measure of the weight of inoculum added to the 
tubes. 

The highest dilution of serum that inhibits visible 
growth of the organism measures the serum bacterio- 
static activity. From each dilution in which growth 
is not visible, subculture a standard loopful on to a 
suitable medium and incubate overnight at 37°C. 
The highest dilution of serum that kills or reduces 
the inoculum by 99.9% (10 colonies or less) is the 
serum bactericidal activity level. 
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Fig. 8.7 Disc diffusion test demonstrating the presence of an extended- 
spectrum B-lactamase. A disc containing the cephalosporin is placed on 
the surface of the agar. At a suitable distance, a disc containing co- 
amoxiciav is also placed on the agar surface. Clavulanic acid on its own 


may be used, where it is available. If, after overnight incubation, there is 


an extension of the zone towards the disc containing clavulanic acid, it 
may be concluded that the strain possesses an extended-spectrum f- 


lactamase. 


Among the advantages claimed for the test are 
that if the patient is receiving two or more antibiotics, 
it 1s easier to perform than separate assays of each of 
the antibiotics.: Moreover, a high serum bactericidal 
activity may indicate synergy between two antibiotics 
being given to the patient. Despite its extensive use, 
there is little evidence that the test can predict ‘the 
survival, medical cure or bacteriologic cure’ of 
patients with infective endocarditis (Coleman et al 
1982). 


Antibiotic assays 


Assays of antibiotic in blood or other body fluids 
are done for four main reasons: (1) to ensure that 
adequate therapeutic concentrations are being reached; 
(2) to avoid producing toxic concentrations; (3) to 
study the pharmacokinetics of the antibiotic; and (4) 
to correlate the achieved drug level with the clinical 
outcome. Assays are done for the last two reasons 
mainly during clinical trials of new antibiotics, In 
clinical laboratories, most assays are of blood levels 
of aminoglycosides, chloramphenicol, sein inal 
benzylpenicillin and flucytosine. 

Monitoring of aminoglycosides, vancomycin and 
flucytosine must be performed in patients with renal 
failure, especially if the degree of failure is changing 
unpredictably or rapidly. Patients receiving amino- 
glycosides or vancomycin and other ototoxic (e.g. 
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frusemide) or nephrotoxic drugs (e.g. cyclosporin) 
must have regular checks of antibiotic levels, espe- 
cially if they have received previous courses of these 
antibiotics. Chloramphenicol levels must be moni- 
tored in neonates. It is probably wise to monitor 
antibiotic levels in patients whose serious infection is 
not responding to an antibiotic active in vitro against 
the pathogen. Patients receiving oral antibiotics 
(where absorption is uncertain) for the treatment of 
serious infections (e.g. endocarditis) may require 
assay of antibiotic levels. 

For such assays, two samples of clotted blood are 
needed. The first is taken immediately before the 
next dose of antibiotic is due to be given; it gives a 
measure of the lowest, or ‘trough’ level of antibiotic 
present, which is the surest indicator of drug accu- 
mulation. The second is taken to show the highest, 
or ‘peak’ level produced; it should be withdrawn 1h 
after an intravenous or intramuscular dose. The exact 
times at which the samples were withdrawn and the 
size and route of the dose must be known if the results 
of the assays are to have any useful meaning. Blood 
samples must not be taken from intravenous devices 
through which antibiotic has been administered. 

Microbiological diffusion methods, particularly 
the large-plate bioassay, were commonly used for 
the assay of antibiotics in clinical specimens. The 
method is relatively cheap, flexible and can be 
adapted to measure levels of almost any antibiotic; 
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it can be carried out without highly specialized or 
expensive equipment; and when properly done, is 
sensitive and precise enough (+ 15%) for most 
clinical purposes; however, it is non-specific, and the 
presence of a second, often undeclared, antibiotic in 
the sample usually makes the results meaningless. 
Moreover, though it can be modified to give a result 
in 3-5 h for gentamicin (Shanson & Hines 1977) or 
chloramphenicol (George et al 1981), it is slow — 
generally needing 18—24 h before results are available 
—and so can seldom be used to modify, dose by dose, 
the treatment of a patient whose ability to absorb, 
conjugate or excrete. the antibiotic is deficient or 
rapidly changing. 

Non-microbiological methods of assay are increas- 
ingly used. In a rapidly changing field, polanzing 
fluorescence immunoassay (TDX system, Abbott), 
fluoro-immunoassay and enzyme immunoassay 
(EMIT, Syva) are among the methods most used 
for the measurement of aminoglycosides and vanco- 
mycin, They have the advantages of speed, making 
results available in 1-2 h, and specificity, their accu- 
racy rarely being affected by the presence of other 
antibiotics. They are convenient if large numbers 
of specimens have to be examined each day, but they 
require the provision of costly, specialized equipment 
and reagents. Follow the instructions of the equip- 
ment’s maker. More details of these methods and 
high performance or high-pressure liquid chromato- 
graphy (HPLC) methods are given in other texts 
(e.g. Reeves 1989). 


Large-plate diffusion assay 


In this method, the sample and a series of standards 
are applied to agar seeded throughout or on its 
surface with a sensitive organism. After incubation 
the diameters of the zones of inhibition are measured. 
The measurements for the standards are used to 
construct a dose-response curve from which the 
concentration of antibiotic in the patient’s sample 
can be read off by interpolation. Diffusion assays, 
like diffusion sensitivity tests, are affected by many 
variables. For a detailed discussion of these variables 
and of how they may be controlled, see Reeves 
(1989). 

Preparation of plates. Glass-bottomed assay plates, 
25 x 25cm, accommodate four aliquots of each of 
11 samples and five standard solutions. Mark one 
corner of the plate and place the plate on a levelling 
tripod before pouring agar. DST agar (Oxoid, 
Unipath), adjusted to the appropriate pH, serves for 
assays of benzylpenicillin (pH 6.8). aminoglycosides 
(pH 7.8), chloramphenicol (pH 7.4) and vancomycin 
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(pH 7.8). Prepare sufficient medium to give a layer 
2—3 mm thick (about 225 ml for a 25 x 25 cm plate) 
and cool it to 50°C. If the assay organism is to be 
incorporated in the agar, add it when the agar has 
cooled to about 45°C and mix thoroughly. Quickly 
warm the glass base of the plate by passing a Bunsen 
flame across it and pour the agar. Make sure that it 
flows evenly over the surface and remove any bubbles 
by passing a flame rapidly across it before it has 
set. These last three steps must be carned out 
quickly. Dry the surface of the plate for at least 
30 min at 37°C and, if it is not to be used at once, 
store at 4°C. It is helpful to expose the surface of 
the agar to ultraviolet radiation for 2—3 min before 
applying the antibiotic-containing samples, for the 
elimination of surface growth sharpens the edges of 
the zones of inhibition. If the plate is to be seeded 
on its surface, flood it (after drying) with a diluted 
culture of the test organism; pipette off the excess 
and dry it again for 30 min at 37°C. Do not expose 
such surface-seeded plates to ultraviolet radiation. 

Preparation of inocula. -A suspension of spores of 
Bacillus subtilis NCTC 8236 incorporated in the agar 
serves for assays of benzylpenicillin, aminoglycosides 
and vancomycin. Alternatively, Staphylococcus aureus 
NCTC 6571 incorporated in the agar can be used for 
benzylpenicillin or vancomycin; Klebsiella edwardsu 
NCTC 10896 in or on the agar for aminoglycosides; 
and Sarcina lutea NCTC 8340 or a suitably sensitive 
strain of Escherichia coli, seeded on the agar surface, 
for chloramphenicol. 

Inocula of the non-sporing species should be pre- 
pared from stationary-phase (overnight) cultures 
diluted to the extent that they will produce semi- 
confluent growth when the assay is read. ‘The exact 
extent of the dilution must be determined by trial 
and error; once found, the method should be written 
down and strictly followed thereafter. Aliquots of 
the appropriate dilution, sufficient for the seeding 
of a single plate, can be stored at 4°C for up to 4 
weeks or at —70°C or in liquid nitrogen for as long 
as required. 

To prepare a suspension of B. subtilis spores, grow 
the organism on agar slants in bottles of 150-200 ml 
capacity for 7-10 days at 37°C. When microscopical 
examination shows that profuse sporulation has 
taken place, harvest the growth, wash it thrice in 
changes of distilled water, and finally suspend it in 
fresh distilled water to a concentration such that 
only 1—2 ml need be added to the agar to give semi- 
confluent growth. The suspension can be stored at 
4°C for many months. 

Standard antibiotic solutions. Prepare these from 
powders of known potency that have been stored in 
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s desiccator at 4°C. Therapeutic preparations are 
unsuitable. Prepare concentrations ranging from close 


to the lower-_limit of sensitivity. of the assay system. - 


up to a level slightly higher than the maximum 
expected in the patient’s sample under test, e.g. 
(in mg/litre) benzylpenicillin or gentamicin, 1, 2, 4, 8 
and 16; chloramphenicol, 2.5, 5, 10, 20 and 40; 
vancomycin, 4, 8, 16, 32 and 64. Weigh out an 
appropriate amount for making the stock standard, 
e.g. 1000 mg/litre. An allowance for stated potency, 
usually given as u.g/mg, is usually needed. For exam- 
ple, if a solution of 1000 mg/litre is required, 100 mg 
of antibiotic will be required for 100 ml of solution. 
If the potency is 900 jig/mg, the weight of antibiotic 
needed is 111.11 mg. 

Dissolve the antibiotic in sterile distilled water 
(chloramphenicol first in 2—3 ml ethanol). If ant- 
biotic in serum is to be assayed, use pooled human 
serum to produce the dilutions needed for the range 
of standards. For assays of an aminoglycoside in 
cerebrospinal fluid, prepare the standards in a solu- 
tion containing NaCl 150 mmol/litre and CaCl, 
4.5 mmol/litre (Deacon 1976). Concentrated stand- 
ards, i.e. containing 1 g/litre of aminoglycoside, 
chloramphenicol or vancomycin in aliquots sufficient 
for 1 day’s work may be stored frozen at —20°C for 
several weeks, but should not be refrozen after 
thawing for use. Solutions of benzylpenicillin are 
best prepared on the day they are to be used. Do not 
prepare working standards by doubling dilution from 
stock solutions. 

Patient samples. Samples of serum or other 
body fluid are applied to the plate in wells of 6-9 mm 
diameter cut with a sterile cork borer; the circular 
agar plugs must be cut and removed with care not 
to lift or distort the surrounding agar. Alternatively, 
samples may be applied on sterile filter paper discs 
or in sterile metal, glass or porcelain cylinders placed 
on the surface of the agar, but the use of wells is 
preferable. To assist in spacing the wells evenly, place 
under the plate a card on which is drawn a square 
with sides coincident with the visible edge of the base 
of the plate. Subdivide the square into 64 smaller 
squares and cut a well over the centre of each of these. 
The placing of the samples and standard solutions 
should be randomized. Mark each square with a 
number from | to 16 taken from a random number 
table. The finished template will then carry four 
squares with each of the 16 numbers and no standard 
or test number should appear twice in the same row 
or column (Fig. 8.8). Several templates should be 
prepared and used at random. The order in which 
the standards and test samples are applied should 
also be randomized. Intersperse the standards with 
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Fig. 8.8 Randomized number plate. 


the test samples and change the order in successive 
assays. Apply four aliquots of each standard or test 
sample to the piate, either filling each well-to the 
brim or placing in it a predetermined volume from a 


- fixed-volume pipette. Use a fresh pipette for each 


test sample or standard. 

Incubation. Incubate at the temperature and for 
the time appropriate to the method being used, 
e.g. for 18h at 37°C or, for rapid assays of amino- 
glycosides, for 4h at 40°C, If a number of assay 
plates have been set up, place them separately, not 
stacked on top of one another, in the incubator. 

Reading results. Measure the diameter of each 
zone of inhibition of growth. Do so while it is magni- 
fied and centred, either in a zone reader (e.g. as 
supplied by Leebrook) or as projected from the 
horizontal position on to a vertical plane surface 
with an overhead projector. Ensure optimal lighting 
conditions. Average the values for the four aliquots 
of each of the standards and construct the dose— 
response curve on semi-logarithmic graph paper, 
plotting the antibiotic concentration on the logarith- 
mic scale and the average zone diameter on the 
arithmetic scale. Average the zone diameters of the 
four aliquots of each test sample and calculate 
the concentration of antibiotic in the test sample by 
interpolating its average value in the dose response 
curve. Do not extrapolate a value for any test sample 
containing a concentration of antibiotic higher than 
that in the highest standard; instead, re-assay the 
sample after dilution to bring it within the range of 
the standards. More complex mathematical treat- 
ment of the results by, for instance, the method of 
Bennett et al (1966) improves the accuracy of the 
dose-response curve and of the interpolation. 

Assays should be controlled by incorporating a 
special standard prepared with the highest possible 
accuracy, and the validity of the laboratory’s methods 
should be checked by the regular assay of externally 


prepared standards, e.g. those distributed through 


the UK National External Quality Assessment Scherne 
(Public Health Laboratory Service, Centra] Public 
Health Laboratory, Colindale Avenue, London). 
Other antibiotics. Methods of assay of antibiotics 
other than those mentioned above are not described 
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in this book. For details, see Reeves (1989) or consult 
the manufacturers of the drug. 


Assay of one antibiotic in the presence 
of another 


Such assays are best done by an automated method 


such as the TDX or HPLC, but may be done by. 


the large-plate diffusion method with an organism 
resistant to the second antibiotic. K. edwardsz, strain 
NCTC 10896, which is resistant to several other 
antibiotics, may be used for the assay of amino- 
glycosides. B-Lactam antibiotics can be inactivated 
by adding [-lactamase to the sample. Sulphonamides 
can be neutralized by adding p-aminobenzoic acid 
50 mg/litre and thymidine 5 mg/litre to the assay 
medium, and trimethoprim by adding thymidine, 
5 mg/litre. Interfering aminoglycosides can be re- 
moved by incorporating sodium lauryl sulphate 2% 
or sodium polyanetho!l sulphonate 1% in the assay 
agar. For further details see Reeves (1989). 


Tests to measure interactions of 
antibacterial drugs 


A physician may treat a patient with more than 


- one antibiotic at a time for the following reasons: (1) 


To broaden the spectrum of cover and thus increase 
the range of infecting organisms that might be con- 
trolled; this may be required before a causal organism 
has been identified. (2) To treat mixed infections 
when one antibiotic alone is insufficient. (3) In a 
relatively rare number of cases, to prevent the emer- 
gence of mutants resistant to a single drug, as in the 
case of the treatment of mycobacterial infections 
where resistance is unlikely to be plasmid-encoded. 
(4) To neutralize B-lactamases. (5) To exploit the 
combined action of drugs that may work synergistically. 
(6) To reduce drug-related toxicity. 

There are essentially two methods of measuring 
the interactions between combinations of anti- 
bacterial drugs. The first measures interaction of 
the bacteriostatic effects and the second examines 
interaction of the bactericidal activities. 


Bacteriostatic inieractions 


This test measures the effect of one drug on the 
inhibitory concentration of the other. It measures 
the combined interaction at concentrations which are 
normally below the minimum inhibitory concentra- 
tion of each individual drug. For example, if for a 
particular organism, drug A has an MIC of 1 mg/litre 
and drug B has an MIC of 8 mg/litre then 1t would be 


expected that if 0.5 mg/litre of drug A (4 MIC) was 
combined with 4 mg/litre of drug B (also % MIC) the 
organism under test should be inhibited. Drug A and 
drug B are exerting an additive effect. However, if 
the two drugs do not have a co-operative effect, either 
because their actions are indifferent to each other 
or because they actively antagonize each other, this 
combination will not inhibit the organism. On the 
other hand, the two drugs together may have greater 
efficacy than the expected additive effect. In the 
above example 0.25 mg/litre of drug A (4 MIC) and 
2 mg/litre of drug B (also % MIC) might inhibit the 
organism; this is said to be a synergistic effect. 

The combination that has been studied most 
often by this method has been trimethoprim/ 
sulphamethoxazole, although it has been applied 
to other systems including the measurement of the 
interaction of penicillins with f-lactamase-inhibitors. 

The bacteriostatic test can be quantified, and we 
can éstablish whether drugs interact to give a re- 
sponse that is (a) synergistic, (b) additive, (c) indif- 
ferent, or (d) antagonistic, This is performed by the 
checkerboard assay which is done as follows. 


1. The MIC of each drug is measured for each 
organism. This usually requires two tests. The first 
is a doubling dilution progression and when this 
MIC is known it is fine-tuned by re-measuring an 
arithmetical progression. | 

2. This MIC is taken as a Fractional Inhibitory 
Concentration (FIC) of 1.0. Agar plates containing 
FICs of both drugs are made up as shown below 
and the organism under test is plated onto them 
(Fig. 8.9). Because these checkerboards are based 
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Fig. 8.9 Setting-up the checkerboard test to determine 
bacteriostatic interactions between two antibiotics. A series of 
agar plates is set up containing varying concentrations of the 
two antibiotics under test. It is convenient to measure the MIC of 
each drug in the absence of the other and refer to this value as 
1.0. The plates are made up with fractions of this value 
(fractional inhibitory concentration) in an arithmetic progression. 
The series 0, 0.2, 0.4, 0.6, 0.6 and 1.0 often works well. Plates 
containing each combination are made up. The plates are then 
inoculated with the test organisms, often with a multiple 
inoculator as represented in the diagram above. FIC = fractional 
inhibitory concentration. 
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on FICs which vary from strain to strain, this set of 
plates often has to be set up individually for every 
iceman Givi renasndin. on Anwobeioeainewens 
3. The plates are incubated at 37°C overnight 
and growth is then scored. 
4. Depending on the pattern of growth, the type 
of interaction can be established (Fig. 8.10). The 
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point of maximum interaction is identified and the 
FICs of both drugs determined. These are added 
together to give the FIC Index. An FIC Index of 
less than 1.0 indicates synergy, though for practical 
purposes a figure of less than 0.7 is usually taken as 
the cut-off point. A value of 1.0 indicates addition 
though for practical purposes a figure between 0.7 


Fig. 8.10 Interpretation of the 
m checkerboard titrations. The + indicates 
growth and the blanks indicate no 
growth. Addition shows the expected 
interaction of the two drugs. Synergy 
occurs when the two drugs interact to 
produce an effect that is greater than 
the expected interaction. Indifference 
results when the two antibiotics do not 
interact at all with each other. 
Antagonism occurs when one of the two 
drugs inhibits the effect of the other to 
produce an effect that is less than that 
expected with indifference. 
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and 1.0 is taken to indicate this. When the FIC Index 
rises above 1.0, it indicates that the drugs do not 
have a positive interaction with one another, An FIC 
Index of 1.0-2.0 indicates indifference between the 
drugs. Some workers have interpreted the values of 
1-2 to indicate antagonism but this is not the case, 
for a figure of greater than 2.0 (the point expected if 
the two drugs truly have no effect on one another) 
indicates true antagonism. In practical terms, anti- 
bacterial drugs rarely show indifference or antagonism. 


An easier method to show whether the two 
drugs have a positive interaction with one another 
is to perform a double disc test. This has most 
often been done with trimethoprim and sulpha- 
methoxazole. A lawn of bacteria is seeded on the 
surface of an agar plate and discs of the two drugs 
are placed up to 25mm apart. In the case of 
trimethoprim and sulphamethoxazole, it has been 
convenient to use a disc of 1.25 wig of trimethopnm 
and one of 25 ug of sulphamethoxazole. ‘The plates 
are incubated and the zones examined the next day. 
It is the shape of the zones that is important, whether 
they ‘bow’ out towards one another (Fig. 8.11). A 
full interpretation of the shapes has been listed for 
trimethoprim and sulphamethoxazole (Amyes 1981). 
It is a matter of continued debate as to whether 
these tests demonstrate an important clinical event, 
i.e. that the two drugs actually work synergistically. 
There is little doubt that trimethoprim and sulpha- 
methoxazole do work synergistically against 
Pneumocystis carini. However, it is far less clear 
whether this synergy is manifested in the treatment 
of more common infections. This doubt arises from 
the fact that the concentration of trimethoprim 
challenging the pathogen is usually well above the 
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Trimethoprim disc Sulphamethoxazole disc 
Fig. 8.11 Disc diffusion test to demonstrate in-vitro synergy 
between trimethoprim and sulphamethoxazole. A disc containing 
trimethoprim, often at 1.25 wg, is placed on the seeded surface 
of an agar plate. A disc of sulphamethoxazole, often at 25 1g, is 
placed 25 mm distant from the trimethoprim disc. After 
incubation, the characteristic dumbbell shape of the two zones 
suggests in-vitro synergy. 





MIC but the bacteriostatic tests show the effect of the 
interaction only below the inhibitory concentrations 
of the individual drugs. The information provided 
by the test might be important in the assessment of 
the interaction of two drugs but it cannot measure 
their combined effect at fixed concentrations, par- 
ticularly above the MIC, In order to demonstrate 
this interaction, a bactericidal synergy test 1s usually 
required. 


Bactericidal interactions 


This test measures the bactericidal effect of one 
drug on the bactericidal activity of the other. It can 
measure the combined interaction at any concen- 
trations. It can show whether two drugs work co- 
operatively or whether one antagonizes the action 
of the other. The results from this test are usually 
presented as graphs as it is less easy to quantify the 
results than in the previous tests. A combination that 
has been studied by this method has been ampiclox 
(ampicillin and cloxacillin) or the interactions 
between penicillins and the aminoglycosides. 

The bactericidal test is usually set up with logarith- 
mic phase cultures which are subcultured into a 
suitable liquid medium containing the drugs to be 
tested. The viability of the cultures is measured over 
a period of time by serial dilution at fixed ume inter- 
vals and plating on to standard laboratory media. 
The drugs may be tested over a wide concentration 
range or they may be used at concentrations that 
mirror the pharmacokinetic values at a particular 
site of infection. 

The results are interpreted from graphs prepared 
from the viability results (Fig. 8.12). If the killing 
effect is considerably greater than either of the two 
drugs individually then the drugs may be considered 
to potentiate each other. On the other hand, if the 
combination reduces the killing effect then the two 
drugs may be considered to be antagonistic. 


Extra determinations of bacteria! 
interactions 


Post-antibiotic effect (PAE) 


Some laboratories are interested in the long-term 
effect of antibiotics, particularly after the antibiotic 
challenge has been removed. It is considered an 
advantage if the influence of antibiotic challenge 
can persist even after the drug has been excreted 
or has been degraded. A measure of this may be 
achieved by the determination of the post-antibiotic 
effect. A broth culture of the bacteriium (10° cfu/ml) 
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Fig. 8.12 Interpretation of the bactericidal interactions of antibiotic combinations. The 
viable counts of bacteria! cultures are followed in the présence and absence of the two 
drugs under test. In addition, the viability of the culture in the presence of the two drugs 
together is also followed. Assuming both drugs individually have a bactericidal effect, 
as shown in the diagram, then when the two drugs are present together synergy is 
demonstrated if the effect is significantly greater than the individual effects, and 


antagonism is shown if the effect is less. 


is challenged with an inhibitory concentration of the 
antibiotic. This challenge is often allowed to persist 
for one hour, after which time the antibiotic is re- 
moved. The effective concentration of antibiotic 
may be removed by serial dilution of the culture by 
a factor of 10*. However, the influence of the resi- 
dual antibiotic, especially with drugs such as the 
4-quinolones, may persist even after this dilution 
and in this case the culture must be centrifuged and 
the bacterial pellet resuspended in fresh pre-warmed 
broth. A viable count of the diluted or resuspended 


Post-antibiotic effect 


Viable count (cfu/ml) 


0 30 60 


culture is performed immediately and is repeated 
at regular intervals over the following few hours. 
These viable counts are plotted against time. The 
time taken for the viable count to increase by one 
log,;g step 1s a measure of the post-antibiotic effect 


(Fig. 8.13). 


Dose response 


It is sometimes necessary to know the effect that 
the concentration of antibiotic has on the infecting 





90 120 150 180 


Time (minutes) 


Fig. 8.13 Post-antibiotic effect. The measurement of the post-antibiotic effect is determined 
by following the viable count of a culture that has just had the antibiotic removed. The effect is 
quantified by measuring the time taken for the culture to increase its viable count by one 
logarithm, In this example, this would be about 105 minutes. 
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Percentage viability after 3 hours 


0.01 
10” 10° 








Maximum bactericidal concentration 
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Antibiotic concentration (mg/l) 


Fig. 8.14 A dose-response curve to measure the maximum bactericidal 
concentration. The maximum bactericidal concentration is determined by 
challenging a bacterial culture with increasing concentrations of the drug under 
test, usually for a period of 3 hours. A dose-response curve is constructed by 
plotting the log of the percentage viability against the log of the drug 
concentration. If a maximum bactericidal concentration exists, It can easily be 


determined from this graph. 


bacterium, e.g. is the antibiotic bactericidal or bacten- 
ostatic? This may be measured by a dose-response 
curve. Although these determinations may be useful 
in predicting whether a particular drug is likely to 
kill the infecting organism, the bactericidal response 
is often very dependent on the stage of growth of the 
organisms when the antibiotic challenge is initiated. 
These estimations are usually performed on actively 
growing bacteria which are dividing under optimal 
conditions, and may not necessarily mirror the 
growth conditions of the organism at the infection 
site. The dose-response determinations are usually 
set up with logarithmic phase cultures which are 
subcultured in a series of broths containing increas- 
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Some serological techniques for microbial and viral 


infections 


T. W. Kok D. Worswick &. Gowans 





The purpose of this chapter is to describe five sero- 
logical techniques used in bacteriology and virology. 
They are: (1) bacteria! agglutination; (2) enzyme 
immunoassay; (3) radioimmunoassay; (4) com- 
plement fixation; (5) viral haemagglutination and 
haemagglutination inhibition. 

As these assays differ markedly in their test formats 
and reagents, the Methods used follow the section 
describing the principle of the test and are not 
grouped at the end of the chapter. 

Direct and indirect immunofluorescence, which 
are also valuable techniques, particularly in virology, 
are described in Chapter 44 in relation to micro- 
scopy, and an application is also illustrated in Chapter 
39 on rapid virus diagnosis. 

The principles of immunology and the innumer- 
able ways of detecting antigen-antibody union are 
outside the scope of this chapter and are described 
in numerous excellent textbooks on immunology, 
among which Roitt et al (1993) provides a good 
introduction to the discipline, and Stutes & Terr 
(1991) is a comprehensive and frequently updated 
account, including a section on serological methods. 
Reference may also be made to Harlow & Lane 
(1988) for practical approaches to antibody purifica- 
tion and conjugation methods along with some 
selected methods in Chapters 38 and 44; see also 
Weir et al (1986). 


AGGLUTINATION REACTIONS 





Yhere are many ways in which agglutination 
reactions may be performed. Bacteria, including 
leptospires, rickettsias and fungi, and also erythro- 
cytes, etc., can be agglutinated directly by antibody, 
provided they form stable suspensions in saline. Frag- 
ments or extracts from organisms can be adsorbed to 
larger particles such as formalized tanned erythro- 
cytes, latex particles or bentonite. Bacterial suspen- 





sions may be stained to facilitate detection of aggluti- 
nated clumps. Antigen-antibody reactions may be 
done in tubes, in wells in plastic plates or in capillary 
tubes. The degree of agglutination may be enhanced 
by centrifugation and resuspension of mixtures of 
organism and antibody, by use of the Coombs anti- 
globulin test or, in some instances, by increasing the 
isotonic concentration of the suspending medium. 

Descriptions in this chapter are of simple, widely 
applicable methods. References to the more spe- 
cialized variants of the agglutination test are made in 
the appropriate chapter, e.g. antiglobulin-enhanced 
test for brucella antibodies (Ch. 27). 


Slide agglutination 


This method is widely used for the identification 
of unknown bacterial cultures isolated from clinical 
specimens. It is very rapid and requires only small 
quantities of culture and serum. The species of a 
bacterium is identified, e.g. as a pertussis bacillus, 
when it is agglutinated by a known specific anti- 
serum, e.g. pertussis antiserum. Similarly, the anti- 
genic type of a bacterium within a species, e.g. type 
of pneumococcus, can be identified by agglutination 
with a known type-specific antiserum. 

Slide agglutination is practicable only when 
clumping of the organisms occurs within a minute 
or so, and is unsuitable where the mixture of organ- 
isms with serum has to be incubated. It is necessary, 
therefore, to use potent serum undiluted or at low 
dilution. Thus, it cannot be used, as in a quantitative 
tube dilution test, to estimate the agglutinating 
power of the serum for the bacterium. 


Procedure 


The procedure can be readily carried out on an 
ordinary microscope slide. Two tests may be made 
on halves of the same slide separated by a grease 
pencil line. One of these tests should be a control, 
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to confirm that the bacterium is not autoagglutinable 
in saline or an unrelated serum. 
When many tests have to be made sirnultaneously, 


it is convenient to use a piece of polished plate glass, 


e.g. 53cm X 15cm xX 60 mm. A line is ruled with a 
grease pencil along the middle of it from end to end; 
then a number of lines are ruled at right angles, so 
as to divide the glass into a series of separate areas 
for the different tests. 

The bacteria may be taken with an inoculating loop 
from a solid culture, e.g. a colony or slope culture, 
or they may first be prepared as a visibly milky sus- 
pension in sterile saline solution (0.85% NaCl), e.g. 
by transferring several drops of bacteria-containing 
fluid from the foot of a slope culture into 0.5 ml saline 
in a test tube. — | 


1. Place a drop of sterile saline on one of the 
divisions of the slide or plate and emulsify in it, with 
an inoculating loop, just sufficient solid bacterial 
culture to make it visibly milky. Alternatively, place 
on the slide a drop of a previously prepared milky 
suspension of the bacteria in saline. 

2. Examine the drop with a hand lens (e.g. x 8) or 
low-power microscope to ascertain that the bacteria 
are well separated and not in visible clumps. 

3. With a small loop of thin platinum wire, 1.5- 
2 mm in diameter, which has been flamed and cooled 
in air for at least 20 seconds, take a bulging loopful 
of the diagnostic serum, place it on the slide just 
beside the bacterial suspension and then mix it 
into the latter. 

4. Complete the mixing by tilting the slide to and 
fro for 30-60 seconds while viewing under a good 
light against a dark background with the naked eye. 
Distinct clumping within 60 seconds is a positive 
result. Clumps are usually visible to the naked eye, 
but sometimes use of a hand lens or low-power 
microscope is helpful. 

5. In parallel with the above testing, and on 
another area of the slide or plate, perform a control 
test adding only saline, instead of serum, to the 
bacterial suspension. If clumping takes place, the 
bacterial culture is autoagglutinable and the reaction 
with the serum must be disregarded. An attempt 
may be made to obtain the bacteria in a form that 
is not autoagglutinable, e.g. by a different method of 
culture or by heating at 100°C for 1 h. 

6. After reading the result, at once discard the used 
slide or plate into disinfectant. Take care not to soil 
the fingers or bench with the live bacterial suspension. 


Limitations 


While the slide test is rapid and convenient, its 
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lirnitations must be realized. In order to obtain rapid 


agglutination, the antiserum is used undiluted or in 
low dilution. In consequence, it may contain normal 
agglutinins which give non-specific agglutination 
with organisms other than that against which the 
serum was prepared. Thus, in the Salmonella group, 
slide agglutination with a potent antiserum may give 
low-titre reactions with non-salmonella organisms 
that may have some shared cross-reacting antigens 
and even salmonella-like biochemical reactions. 

It is important, therefore, where there is doubt 
or a need for certainty of identification, to have the 
slide test results confirmed by quantitative tube 
agglutination tests. These may be done ‘in house’ or 
in a reference laboratory. 


identification of isolates by tube 
agglutination 


Quantitative tube agglutination tests are done with 
antisera whose agglutinating potency for the specific 
homologous bacteria is known. The potency is 
measured as the maximum dilution (titre) of the 
serum that gives visible clumping under the standard 
conditions of the test. If an unknown organism is 
agplutinated at this dilution, i.e. ‘to titre’, the speci- 
ficity of the reaction is confirmed and the possibility 
that low-level cross-reacnons were responsible for 
clumping in the slide test is excluded. (Reciprocal 
cross-absorption tests may be required to establish 
complete identity between an isolate and a reference 
prototype strain of bacterium.) 


Titre 


Standard volumes of doubling dilutions of the anti-) 


serum are mixed in different tubes with standard 
volumes of a just visibly turbid suspension of the 
bacteria (e.g. 2 x 10° bacteria/ml). After incubation 
at 37°C, the highest dilution of serum giving visible 
agglutination 1s taken as the agglutinating titre of the 
serum for the organism. Thus if the highest (end- 
point) dilution of the antiserum giving agglutination 
is 256-fold (1 in 256) then the titre is 256. If the 
test has been carried out in | ml volumes, it is 256 
units of agglutinating anubody per mullilitre of serum. 
(Note that incubation at 37°C is important. The use 
of higher temperatures, e.g. 50-56°C, may reduce 
the activity of some immunoglobulin classes.) 

The agglutination reaction requires the presence 
of electrolytes in the suspending medium. For this 
reason, the bacteria are suspended and the serum 
dilutions made in 0.85% NaCl (saline) solution. 














Prozone phenomenon 


A practical difficulty of importance in agglutination 
tests is the occasional inhibition of agglutination in 
the first tubes of an antiserum dilution series, agglu- 
tinauion occurring only in the later tubes containing 
more dilute antiserum. This is known as the prozone 
phenomenon and is probably, in part, due to the 
stabilizing effects of high protein concentrations on 
the bacteria or other antigen particles. The protein 
coating the particles increases their net charge and 
thus mutual electrostatic repulsion, which opposes 
linking by the antibody molecules. However, once 
the protein concentration is reduced by dilution of 
the serum, the antibody molecules can exert their 
aggregating effect. Another factor involved in the 
prozone phenomenon is the inhibiting effect of 
antibody concentrations in excess of the optimal 
ratio of antibody to antigen. 


Diagnostic antisera 


These are usually purchased from a commercial sup- 
plier and the agglutinating titre for the homologous 
organism 1s stated on the bottle. If they are produced 
‘in-house’ by immunizing animals with known organ- 
isms (Ch. 50), then their titres for the homologous 
organisms must be measured’ in a quantitative tube 
agglutination test. When the titre is inconveniently 
high, it may be reduced by dilution with saline to a 
convenient level, e.g. 160 or 320. 


Bacterial suspensions 


The bacteria from the culture to be identified are 
emulsified in saline to a density visibly but not 
heavily turbid, e.g. about 2. 10° bacteria/ml, as 
judged by comparison with an opacity standard. 
When, as for the identification of salmonella 
serotypes (Ch. 21), it is necessary to identify parti- 
cular surface antigens, the bacteria may first have 
to be prepared by a procedure that destroys or 
occludes other surface antigens of the bacteria. 

H antigens. Thus, for identification of the 
flagellar or H antigens, it is necessary to obtain a 
richly flagellated culture and treat it with formalde- 
hyde to stiffen the flagelia so that they occlude other 
antigens. If the bactertum is H biphasic, first obtain 
a culture in the required phase by the Craigie tube 
method of culture through semi-solid agar with anti- 
serum against the different phase (as for salmonellae, 
Ch, 21, Methods). 

Inoculate bactena from a single colony into broth 
and incubate for 6h, a short period most conducive 
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to rich, flagellation. View a drop of the culture in a 
wet film to confirm that most of the bacteria are 
motile and therefore flagellated. Kull the culture 
by adding formaldehyde to a concentration of 0.2% 
and incubate for several hours at 37°C. Then dilute 
It in saline to the required density. 

If the broth culture is poorly motile, select a 
highly motile variant by passing cultures once or 
twice through semi-solid nutrient agar (Ch. 5) with- 
out antiserum in a Craigie tube or by stab culture 
in a plate of semi-solid agar and subculture from 
the periphery of the swarm. 

O antigens. For identification of the O (somatic 
or cell-wall) antigens, more superficial] antigens such 
as flagella, fimbriae or slime must first be removed 
from the bacteria. Suspend the bacteria from an 
agar culture in saline and heat at 100°C for 30 min. 
Centrifuge to separate the bacteria from the de- 
tached flagella, fimbriae and slime (Vi antigen) and 
resuspend the bacteria in saline. 

Alternatively, remove the flagella by mixing a 
dense saline suspension of the bacteria with an equal 
volume of 96% ethanol and incubate at 37°C for 
20 h. Before use, dilute in saline to a suitable density. 

Vi antigen. To identify this antigen in certain 
salmonellae, particularly Salmonella typhi, prepare 
a fresh suspension of dive bacteria from an opaque 
(Vi antigen rich) colony just before testing. Take 
great care in handling this suspension to avoid 
spreading infection. 

Tubes. The serum dilutions and mixtures with 
bacteria are made in a series of tubes sufficient to 
cover a range of doubling dilutions that will bracket 
the titre of the serum, e.g. six dilutions from 20 to 
640 when the titre is between 160 and 320. 

To economize in serum, small volumes are gen- 
erally used, e.g. 0.4ml of serum dilution mixed 
with 0.4ml of bacteriai suspension. The dilutions 
and mixtures are most easily made in moderately 
wide tubes, e.g. 1 cm in diameter. It is then best 
to transfer the mixtures to narrower ‘agglutination 
tubes’, e.g. 4mm in diameter, to yield a deeper 
column of mixture allowing its incubation half im- 
mersed in the. water of a water-bath and to facilitate 
the observation of agglutination. 


Procedure 


1. For each serum, prepare a starting dilution in 
saline, e.g. a l-in-10 dilution, by pipetting 0.1 ml 
serum into 0.9 ml saline. Mix by drawing back 
and expelling the fluid once or twice. 

2. For each bacterial antigen, arrange im a rack 
a row of mixing tubes (1 cm diam.), e.g. tubes nos. 
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1—6 for six doubling serum dilutions and tube no. 7 
for a control without serum. 
3. With a fresh graduated | m} pipette, place 


0.4ml saline in each of tubes 2-7. Then pipette 


0.4 ml of the starting serum dilution into the empty 
tube 1 and another 0.4 ml into saline-containing tube 
2. Tube 2 will then contain 0.8 ml of serum diluted 
1 in 20. | . 

.4, Mix the fluid in tube 2 by pipetting up and 
down several times. Then transfer 0.4 ml from tube 
2 into tube 3. The latter will then contain 0.8 ml of 
serum diluted 1 in 40. 

5. With the same pipette, mix the contents of 
tube 3 and transfer 0.4 ml into tube 4. Repeat the 
process to tube 6, from which, after mixing, discard 
0.4 ml. Each tube will then contain 0.4 ml fluid, 
tubes 1-6 containing serum dilutions of 10, 20, 40, 
80, 160 and 320, and tube 7 only saline. 

6. With a fresh graduated 1 ml pipette, add 0.4 ml 
of the bacterial suspension to each tube, starting 
at tube 7 and working back from tube 6 to tube 1. 
The serum dilutions in tubes 1—6 are now 20, 40, 80, 
160, 320 and 640. 

7, Use a pipette with a long capillary tip to transfer 
the mixtures from the wide mixing tubes to narrow 
agglutination tubes 1—7. Start at tube 7 and work 
back to tube 1. 

8. Place the rack of agglutination tubes in 4a 
water-bath immersed so that the surface of the 
water is level with the mid-points of the columns of 
fluid in the tubes. Incubate H agglutinations for 
2—4 h at 37°C and read after standing on the bench 
for half an hour. Incubate O agglutinations for 
4-6 h at 37°C and read after overnight refrigeration 
at 4°C. For some bacteria, incubation at 50°C is 
preferable. 

9. Read the results by viewing the tubes under 
a good light against a dark background and with 
the aid of a x2 magnifying lens. If necessary, rotate 
the tubes to swirl up granules from the deposit, but 
do not shake. The large flakes of typical H agglu- 
tination should be easily visible with the naked 
eye. The small granules of O agglutination may be 
visible only with the magnifying lens. Visibility of 
small clumps in tubes with a worn surface can be 
improved by dipping them in xylol. Also examine 


| control tube 7 without serum to confirm that 


autoagglutination has not taken place. If it has, 
disregard positive results in the other tubes. 

10. Take as the titre of the serum for the organism 
the greatest dilution giving clearly visible agg)utina- 
tion. Thus, if the end-point dilution is 1 in 160 (1.e. 
160-fold) the titre is 160. The test identifies the 
organism only if the titre is equal to or greater 
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than the known titre of the diagnostic serum for the 
homologous organism. 


Measurement of agglutinins in the 
patient’s serum 


An agglutination test may be made on the above 
lines, but with known bacterial antigens, to identify 


the presence and measure the amounts (titres) of . 


specific agglutinating antibodies in a patient’s serum, 
This test may provide a serological diagnosis of 
infection in cases where it has not been possible to 
demonstrate the causal organism in the patient’s 
body fluids or excretions. 


Rising titre 

A patient’s serum may contain low or moderate 
titres of agglutinins for organisms from a previous 
encounter and which cross-react with a pathogen 
suspected of causing the current illness, For this 
reason, only high titres of agglutinins, e.g. over 200 
(i.e. levels rarely encountered in healthy persons) 
should be considered diagnostic. It is better, how- 
ever, to demonstrate a rise of titre as the illmess 
progresses. Two specimens of blood should be taken 
from the patient for serological tests, the first early 
in the infection, say within 7 days from onset, and the 
other 2 or more weeks later. A four-fold or greater 
rise of titre between the first and second specimens 
suggests that the current illness under observation 
is caused by an organism the same as that tested. 


Wida/ test 


This test for the serological diagnosis of enteric fever 
was much used in the past when effective selective 
media were not available and it was more difficult 
than now to make a diagnosis by isolating the causal 
salmonella spp from the patient’s blood or faeces. 
Doubling dilutions of the patient’s serum, e.g. from 
20 to 1280, are tested separately against-H,-O and 
Vi suspensions of the enteric fever salmonellae likely 
to be encountered, e.g. S. typhi and S. paratyphi B 
(Ch. 21). The suspensions may be prepared as de- 
scribed for the slide test, but are generally purchased 
from a commercial source. 


Vi agglutinations 


Test these in doubling serum dilutions from 10 to 
640 in 7 X 1 cm test tubes. Incubate at 37°C for 
2h, stand at room temperature overnight and read 
with a lens. In the control, the bacteria will be 
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sedimented to a small compact deposit. Agglutina- 
tion is seen as a granular deposit scattered over the 
foot of the tube. 


Blood specimens 


Specimens of blood to provide the sera for agglu- 
tination tests are taken by venepuncture. At least 
-5ml should be obtained to ensure there will be 
enough serum for all the tests that may be required. 
Immediately transfer the blood from the syringe 
into a dry stoppered sterile tube or bottle and allow 
to clot. When the serum has separated, pipette it 
off into a sterile tube. 


ENZYME IMMUNOASSAY FOR THE 
DIAGNOSIS OF MICROBIAL AND VIRUS 
INFECTIONS 


A serological assay in vogue during the late 1950s 
for the detection of antibody or antigen in viral or 
bacterial infections, when agglutination or comple- 
ment fixation was ineffective, was the immuno- 
fluorescence (IF) test (described in Ch. 44). It was 
used, for example, for the detection of Mycoplasma 
pneumoniae antibodies on infected chick embryo 
lung sections. Although labour intensive — due to the 
use of infected lung tissues — it proved to be highly 
sensitive, and for a while was the only test available 
short of neutralization assays, ¢.g. in hamsters. ‘The 
IF test (also known as the direct fluorescent antibody 
—~ DFA - test) has since been used for the detection of 
antibodies to a wide variety of microbial pathogens. 

During the 1970s, the pioneering work of Gardner 
& McQuillin (1980) extended the IF test to the 


rapid detection of respiratory viruses (as antigen) in — 


clinical samples. The technique became widely used 
and proved to be sensitive and specific. However 
IF has a number of disadvantages, including (1) 
subjectivity of interpretation, (2) a requirement for 
intact cells, and (3) unsuitability for automation. 
Further, the method is labour-intensive and requires 
an experienced microscopist. Consequently other 
immunoassays have become more popular. 

The introduction of the radioimmunoassay (RIA) 
for detection of hepatitis B surface antigen and 
antibody in serum samples addressed many of the 
above problems, for instance in the RIA there were 
objective cut-off values, and a potential for auto- 
mation. However, the short half-life of some isotopes 
used for RIA, dangers to staff and the difficulties 
of disposal of radioactive waste has restricted a wider 
use of RIA in diagnostic tests. 
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The use of an enzyme conjugate in the enzyme 
immunoassay (EIA) to replace the radiolabelled 
antibody has largely resolved these difficulties. In 
addition, the longer shelf-life and commercial avail- 
ability of enzyme conjugates have encouraged the 
widespread use of EIA in diagnosis of infectious 
diseases. 

In general, EIAs use specific antibodies to detect 
either the antigens of the microbial or viral pathogen 
or the patient’s antibody response to the agent. It is 
now possible to purchase EIA kits from a number 
of manufacturers that will detect a wide range of 
microbial or viral pathogens and their antibodies. 
However, a number of important pathogens have 
been omitted from the range and individual laborato- 
ries may wish to design and develop an EIA for 
their own purposes. Consequently a major part of 
this chapter discusses the principles of solid-phase 
immunoassays, with particular reference to the EIAs, 
and gives methods for the more commonly used test 
formats. 


= toageretat of commercially available EIA 
Kits 


With the recent expansion of the biotechnology 
industry there has been a proliferation of commer- 
cially available EIA kits for the detection of a diverse 
range of microbial antigens and antimicrobial anti- 
bodies. Many of these kits are economical to use 
and show high test sensitivity and specificity when 
compared with reference standards. Due to the large 
range of these commercial EIA kits and with the 
increased demand for low costs, individua! users 
should evaluate each assay against known ‘gold 
standards’ before use in the laboratory. 

An example of the evaluation of five commercially 
available EIA kits for detection of rotavirus in faecal 
samples, as compared with electron microscopy and 
latex agglutination, is described by Kok & Burrell 
(1989). With many viral infections, isolation of the 
virus in cell cultures is generally accepted as evidence 
of current infection. Thus, when possible, virus 
culture is usually used as a reference standard for 
the performance of other assays. However, some 
viruses (e.g. rotavirus) do not grow efficiently in cell 
culture, and therefore other assays must be used as 
a ‘gold standard’. For example, the traditional refer- 
ence standard for rotavirus detection was electron 
microscopy which in fact is a very insensitive way of 
detecting virus particles (Ch. 44). During the course 
of the comparison by Kok & Burrell (1989) of the 
EIA kits and latex agglutination on the one hand, 
with electron microscopy on the other hand, a 
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modification of one kit yielded the highest test sensi- 
tivity and specificity. The modified EIA kit was then 
taken to be the reference standard. When other EIA 
kits were further evaluated, their test efficiencies 
were lower than the standard. 

EIA kits for the detection of specific antibodies 
or antigens in serum are generally more reliable than 
those which detect viral antigens in non-serum 
samples such as respiratory or genital secretions or 
exudates and faecal samples. Serum is more homo- 
genous than other types of specimen, and antibodies 
are limited to the immunoglobulin class of proteins. 
Microbial antigens, on the other hand, may vary 
with different. antigenic determinants depending on 
subtype or strain variations and the non-serum 
samples tend to contain a greater diversity of micro- 
bial flora. Hence, when choosing commercial EIA 
kits, in particular with those to be used for detection 
of microbiai antigens, the reference standards and 
study populations (such as high or low disease pre- 
valent groups) need to be considered. Jake, ‘for 
example, the case of an EIA kit which ts to be used 
for the detection of a particular virus when the ‘gold 
standard’ was a virus culture. The efficiency of the 
virus culture would be influenced by the cell types 
used. Hence, a less susceptible type of cell would 
reflect a higher test sensitivity for the EIA kit. 

As an important part of quality control, periodic 
comparisons with ‘gold standards’ or reference 
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panels of reagents need to be made even though 
the ‘test kit was approved as satisfactory for use in 
the routine laboratory, with high sensitivity and 
specificity at the time of initial testing. 


Enzyme immunoassay (EIA) 


There are basically two test formats, viz. the direct 
and indirect EIA (Fig. 9.1). The direct EIA uses 
an enzyme-conjugated antibody specific for the agent 
to be detected. The amount of agent detected is 
proportional to the extent of the enzyme—substrate 
reaction, which is measured by a spectrophotometer 
at the maximal absorbance wavelength of the chro- 
mogen. The indirect EIA uses an extra step in which 


‘a detector antibody (to the target agent) is not 


conjugated with the enzyme; instead, bound detector 
antibody is reacted with an enzyme-conjugated anti- 
immunoglobulin. The antibody conjugate is usually 
obtained from commercial sources as it is more 
convenient than conjugating the antibody im the 
laboratory. 

In, enzyme immunoassays, the immunoglobulin 
fraction of the capture and the detector antisera is 
used in preference to whole serum; use of the latter 
may reduce sensitivity and lead to spurious results. 
It is necessary to determine the optimal working 


_dilution of each new batch of an immunoglobulin 


preparation, because optimal dilutions can vary 





Fig. 9.1 Format of the direct (a) and indirect (b) enzyme immunoassays. 
Antibody (Ab or Ab1) is adsorbed to the bottom of the well and ‘captures’ 
the antigen (Ag). Bound antigen is then detected directly by antibody 
labelled with enzyme (E) as in (a) or indirectly with unlabelled antibody 
(Ab2) followed by enzyme-labelled antibody (Ab3) as in (b). 
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considerably between batches, whether they were 
obtained commercially or produced ‘in house’. ‘The 
capture antibody is also referred to as the coating 
layer, as the globulin fraction is coated on the micro- 
well, reaction tube or bead. 

For convenience, the coating layer is usually 
adsorbed overnight to the solid phase at room tem- 
perature, or for 2 h at 37°C, All subsequent reaction 
steps are then incubated for 1-2h at 37°C. There 
are many variations to these incubation steps, such 
as overnight incubation (room temperature) of the 
capture antibody and the target agent. These varia- 
tions work well, provided that reagents have been 
titrated to give maximal sensitivity under the appro- 
priate reaction conditions. 


Direct EIA 


An example of a direct EIA is that for the detection 
of rotavirus in faeces by antigen capture (see Methoas 
at end of this section). The format of the test 1s 
simple, requiring two antibody reactions, viz. the 
capture and detector antibodies (Fig. 9.la). The 
immunoglobulin fraction of a rabbit antiserum to 
rotavirus is used as the capture antibody. Rotavirus 
antigen is captured by the specific antibody and the 
bound antigen is detected by a horseradish peroxi- 
dase-conjugated rabbit antibody to rotavirus. Ant- 
body from the same species as the capture antibody is 
used in order to minimize cross-reactions between 
sera from different animal species. Binding of con- 
jugated antibody is detected by reaction with the 
substrate and chromogen. The enzymic reaction is 
stopped by the addition of acid (usually hydrochloric 
or sulphuric acid) and the result of the test is then 
read in a spectrophotometer, at the maximal absorb- 
ance wavelength of the chromogen liberated by the 
enzymic reaction. 

A variant of the direct EIA is omission of the 
capture antibody. This format is used by some com- 
mercial EIA kits for the detection of chlamydial anti- 
gens in clinical samples. The sample is adsorbed to a 
solid support and, after removal of unbound materi- 
als, an enzyme-conjugated antibody to chlamydia is 
added. The reproducibility of this approach may be 
poor because the antigens present in clinical samples 
consist of a heterogenous mixture of differently sized 
fragments, each with different binding efficiencies to 
the solid phase. This in turn may affect the exposure 
of specific epitopes to the detector antibody. The 
subsequent steps are similar to those described in 
the previous paragraph. 

A further variant of this method is the use of filtra- 
tion plates to ‘capture’ particles or cells (see Ch. 39). 
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Indirect EIA 


The indirect EIA format (see Fig. 9.1b and Methods 
at end of this section) has an additional step, com- 
pared with the direct EIA. Binding of the detector 
antibody is detected by an enzyme-labelled antu- 
guinea-pig Ig (referred to as the ‘indicator’ antibody), 
raised (for instance) in rabbits. This approach has 
the advantage of not having to conjugate a wide 
range of different antibodies with enzyme. Thus, 
if a direct EIA was used to test a respiratory sample 
for the presence of viruses, eight different enzyme- 
conjugated virus-specific antibodies would be re- 
quired. In contrast, a common enzyme-conjugated 
indicator antibody can be used in a range of indirect 
EIAs, provided that all the detector antibodies were 
raised in the same animal species. 

It may be argued that the indirect EIA is more 


‘sensitive than the direct format because the second 


(detector) antibody can potentially bind several 
enzyme-conjugated indicator antibodies. Thus, in 
our experience, detection of adenovirus in respiratory 
samples was 20-30% less sensitive by the direct 
EIA, as compared with indirect EIA. 

A detailed protocol for an indirect EIA is de- 
scribed in the Methods section below. This EIA is 
currently used in our laboratory for the detection 
of the antigens of seven respiratory viruses and of 
M. pneumoniae in clinical samples (Schepetiuk & 
Kok 1993, Kok et al 1994). 7 


Factors affecting the EIA test efficiency 


The use of specific antibodies with high affinities 
is paramount in achieving sensitive and specific 
immunoassays. However other factors also affect 
the efficiency of the EIA and these are discussed 
in detail below. There is no single combination 
of solid-phase support, temperature and period of 
incubation, nor a particular format or dilution of 
reagents that are suitable for all tests. The laboratory 
must determine the optimal conditions for each test. 


The solid-phase support 


Although many laboratories and commercially avail- 
able EIA kits use standard 96-well microtitre plates, 
other solid-phase supports, such as polystyrene beads 
(Abbott) or tubes (Boehringer) may be used. The 
choice often depends on the availability of equip- 
ment in the laboratory. The necessity of handling a 
tube/bead for each clinical sample makes therm less 
efficient: than the use of 96-well microtitre plates, 
in which many samples can be manipulated simul- 
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taneously. In addition, use of the microtitre plates 
has been encouraged by the large range of micro- 
titre plate washers (automated or manual) that are 
commercially available. 

As different types of plastic (whether as microtitre 
plates, beads or tubes) have different antigen-binding 
Capacities, it is essential to determine the optimal 
type for each test. Plates with lower binding capacity 
may give low background absorbance readings, but 
the ‘signal-to-noise’ ratio may also be reduced so 
that a higher concentration of the detector antibody 
may be required. This should be considered in rela- 
tion to the costs of the solid support and other 
reagents. Solid-phase supports with high binding 
capacity are particularly, useful for antibodies or 
antigens that are expensive or limited in supply. 
Microtitre plates are commercially available with low 
or high binding capacities and some are particularly 
suited for binding peptides. Further information is 
available from the manufacturers. 

There are three different types of microwell con- 
figurations — round, flat or C-shaped. The choice 
of configuration depends on the washing equipment 
that is available in the laboratory. C-shaped micro- 
wells allow more efficient washing when using a 
“squeeze-wash’ bottle. When washing the round or 
U-shaped microwells with a wash bottle it is im- 
portant to ensure that the wash solution is directed at 
an oblique angle in order to obtain efficient washing. 
If an automatic microwell plate washer is used, all 
three configurations are suitable provided that the 
washer Is calibrated appropriately. 


Coating with antibody/antigen 


Immunoglobulins or soluble protein antigens (c. 
10 g/ml) are usually adsorbed onto plastic surfaces 
in an alkaline buffer, e.g. 50 mM _ carbonate/bicar- 
bonate (pH 9.6). Other buffers, such as sodium 
borate (pH 9.0) may also be used. In our experience, 
optimal coating (with antibody) is obtained at 37°C 
for 1—2 h, followed by incubation at room tempera- 
ture (RT) overnight. The coated plates or tubes can 
then be stored, still containing the coating solution, 
at 4°C for 2~4 weeks without significant loss of activity. 

An alternative storage method is to wash off 
unbound reagents after the coating step and then 
add a blocking solution (e.g. 1% sodium casein 
or non-fat milk) for 30-60 min at 37°C, to coat any 
unbound sites on the solid support. The plate is re- 
washed, then a sugar solution (1% glucose, sucrose, 
mannose or maltose) is added for 30 min at RT. 
The plates are then dried rapidly, using either a 
stream of nitrogen or a vacuum, under controlled 
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conditions to prevent boiling. The coated microtitre 
plates can then be stored under dry conditions (with 
a dessicant at 4°C). This storage method yields a 


longer shelf-life compared with solution-filled wells — 


at 4°C. The quantity of coating reagents required 
may need to be increased. 


Washing solutions 


The washing solution used throughout the EIA 1s 
PBS containing 0.05% Tween 20 (PBS/T). ‘Tween 
20 — a nonionic detergent — is used to facilitate 
washing and to prevent non-specific binding of test 
materials. It is not necessary to use a higher concen- 
tration of the detergent as this may lead to spurious 
results, in particular when testing for IgM antibodies. 

The use of a squeeze bottle provides thorough 
washing in terms of consistency and uniform back- 
ground, due to the large volume of washing fluid 
used. However, this may not meet with safety 
requirements, because the solid-phase support is 
usually overfilled with the washing solution. There is 
a wide range of automatic washers available which 
are suitable for both microtitre plates and other 
types of solid-phase. Many of these washers work 
well, provided that they are maintained and serviced 
regularly. Maintenance of the wash prongs is parti- 
cularly important because they are’ subject to the 
corrosive effects of washing solutions and the prongs 
may be blocked by particulate samples. 


Diluent buffers and blocking reagents 


PBS/T is used to dilute specimens and antibodies. 
It is necessary to block unbound sites on the solid- 
phase in order to minimize non-specific reactions, 
although a separate blocking step is not necessary if 
an optimal concentration of blocking reagent is in- 
cluded in the diluent buffers. Many types of blocking 
reagents work well, including sodium casein, non-fat 
milk (skimmed milk), gelatin, newborn calf serum, 
bovine serum albumin, etc. The usual concentration 
of blocking reagents used is 1—2%. It has been re- 
ported that serum or serum albumin are less efficient 
blocking agents than sodium casein due to the larger 
molecular weight of serum components, Sodium 
casein consists of smaller-molecular-weight compo- 
nents which offer greater blocking capacity (Nunc 
Bulletin 1989). 


Choice of enzyme conjugate 


There 1s a wide choice of commercially available 
enzyme-conjugated antibodies for use as the indi- 
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cator antibody. Also available from the same manu- 
facturers is a limited range of enzyme-conjugated an- 
tibodies specific for selected target agents. The two 
commonly used enzymes are horseradish peroxidase 
(HRP) and alkaline phosphatase (AP). HRP is used 
more widely than AP although there is no significant 
difference between test sensitivities when using 
either enzyme conjugated to the same antibody. AP 
is useful when the samples are suspected to contain 


. endogenous peroxidase activity. 


For ‘in-house’ conjugation of enzyme to the re- 
quired antibody, the two-step glutaraldehyde method 
of Avrameas & Ternynck (1971) produces a higher 
yield of conjugates than one-step glutaraldehyde 
conjugation. The process cross-links lysine residues 
and it is important to limit the extent of cross-linking 
by ensuring the removal of excess glutaraldehyde. 
An alternative conjugation method uses sodium 
metaperiodate (O’Sullivan & Marks 1981), which is 
not suitable if carbohydrate residues form part of the 
enzyme’s active site. Although the various methods 
used for conjugation of enzymes to antibodies are 
well established, greater success and efficiency rates 
are achieved by those laboratories that have staff who 
are experienced chemists. 

An enzyme-conjugated monoclonal antibody, or a 
‘cocktail’ of monoclonal antibodies directed against 
different antigens, can- be used as the detector. 
Monoclonal antibodies generally give lower back- 
ground binding, although this does not necessarily 
mean greater test efficiency. Other factors, such as 
antibody affinity and the ability of an antiserum to 
cross-react with unrelated determinants on the same 
bacterial or viral particles, have a substantial influ- 
ence on the overall result. Thus a monoclonal 
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Alkaline phosphatase 


Horseradish peroxidase Hydrogen peroxide 
0.003-0.015% 


Horseradish peroxidase Hydrogen peroxide 
0.003-0.015% 


B haees 9. 1 Enzymes, Substrates reaction conditions and absorbance wavelengths fort use. in the enzyme immunoassay. s 


Chromogen ‘Stopping 
(development buffer)* reagent 


p-Nitrophenyl phosphate (pNPP: 1 mg/ml in 10mM 
(pNPP) diethanolamine + 0.5 mM MgCl, pH 9.5) 0.1 M EDTA 
i 3,3’5,5’-Tetramethylbenzidine 

(TMB: 0.1 mg/ml in 0.05-0.1 M 


2. 2’-Azino-di-(3-ethylbenthiazoline-6- 
sulphonic acid) 


antibody may in a sense be ‘too specific’, compared 
with a polyclonal serum able to react with whole 
antigen mosaic of the pathogen. 


Substrate and chromogen 


The substrates and chromogens used for the two more 

common enzymes are shown in Table 9.1. Although 

the substrate for HRP is hydrogen peroxide, there are 

a number of chromogens which are suitable for use as 

indicator in detecting this enzyme-substrate reaction. 
Note the following points: 


1. As the chromogens are light-sensitive it 1s 
necessary to incubate the reaction plates/tubes/beads 
in a light-tight environment after addition of the 
substrate—chromogen reagents. 

2. In particular, with peroxidase, care should be 
taken not to contaminate the reaction solutions with 
metal ions as these could produce spurious results. 

3. ABTS and OPD are possible mutagens and 
are Ames-test-positive; they are therefore used less 
frequently than TMB, which is Ames-test-negative. 
In addition, TMB has the most sensitive response 
(TMB>OPD>ABTS) to limiting amounts of 
peroxidase. 

4. All of the above reagents are available in 
tablet form from commercial companies (Dakopatts, 
Sigma, Boehringer). 

5. Sodium perborate (0.03%) can be used to 
replace hydrogen peroxide. 


Calculation of cut-off value 


A specimen is considered to be positive if its 
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Absorbance 
ised ie 


1MNaOH or 405nm 


1MH,SO,  450nm 


iM H,SO, 450 nm 


(ABTS: 0.4 mg/ml in 0.05 M 


phosphate—citrate buffer pH 4.0) 
o-Phenylenediamine,HCl 


Horseradish peroxidase Hydrogen peroxide 








phosphate-citrate buffer, pH 5.0) | 


1MH.SO,  490nm 


0.003-0.015% (OPD: 0.5 mg/ml in 0.05-0.1 Mi | 
ohosphate-citrate buffer, pH 5.0) 
L “auromogens are light-sensitive; - it is necessary to incubate the substrate-chromogen reaction step inthe dark. : 
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absorbance value is greater than the cut-off value for 
the test. There are a number of methods to calculate 
the cut-off value. A common method is to take the 
average absorbance values of three known negative 
samples (within each test run) plus a constant factor, 
which is usually three or four standard deviations 
of the mean absorbance values from a large number 
(usually > 100) of known negative samples. Alterna- 
tively, the constant factor can be calculated from 
a large number (statistically significant) of known 
negative samples and determining the highest ab- 
sorbance obtained within the distribution curve. It is 
necessary to re-calculate the constant factor when- 
ever a new batch of reagents are used, particularly 
if the dilution of antiserum 1s changed. 


Specific antisera 


The use of antisera with high titres is fundamental 
to the performance of the EIA. The titre and extent 
of cross-reactions with related agents depend on the 
purity of the immunogens used for antiserum pro- 
duction. There are various methods for the purifica- 
tion of microorganisms and for each agent there 
may be many suitable methods. For viruses, this 
complex area is well described by Burrell (1986); 
similar strategies are applicable to microbial antigens. 

The choice of animal species is determined by the 
volume of antiserum required and available animal 
house facilities. The most commonly used animals 
for antisera production are rabbits, guinea-pigs, 
sheep and goats. Large animals are useful when a 
large quantity of antiserum is required. 


METHODS FOR ENZYME 
IMMUNOASSAY 


Four different types of EIA, with microtitre plate (or 
microwell strip) format, are described in this section. 
The first is a direct EIA for the detection of rotavirus 
in faecal samples. Second, detection of Mycoplasma 
pneumoniae with an indirect EIA is described. These 
methods are currently in use in our laboratory. Finally, 
methods for detection of IgG or IgM antibodies to 
M. pneumoniae are described. All of these methods 
are generic and can be applied to the detection of 
other microbial agents or antimicrobial antibodies. The 
incubation conditions, dilutions of reagents, types of 
antisera, etc., are provided as a guide. These para- 
meters may be different when using other solid-phase 
systems, or reagents from other sources, and each 
laboratory may wish to adopt particular variations. 
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Recipes for the buffers used are given after the 
descriptions of the methods, below. 


Direct EIA detection of rotavirus 


Principle of the assay 


Antibody to rotavirus is adsorbed onto the microwells. 
After rinsing to remove non-adsorbed antibody, the 
wells are incubated with faecal samples. Rotavirus 
antigens, if present in a faecal sample, will be captured 
by the adsorbed antibody (capture antibody). The more 
rotavirus antigen the sample contains, the more anti- 
gen will be fixed to the well. After rinsing, the wells 
are incubated with peroxidase-conjugated antibody to 
rotavirus. The peroxidase-conjugated antibody binds to 
the fixed rotavirus antigens. After removal of unbound 
conjugate the wells are incubated with a chromogen/ 
substrate. The more rotavirus antigen a faecal sample 
contains, the more intense is the colour intensity. 


1. Coating of test wei. Dilute the capture antibody 
(rabbit anti-rotavirus) (Dakopatts) In coating buffer 
(50 mM carbonate/bicarbonate pH 9.6 — see below). 
The optimal dilution is obtained by prior titration 
(usually in the range 1/100—1/400). Mix gently. Pipette 
100 ul of the dilution into each well in rows numbered 
A, B, E and F on the microtest plate. 

2. Coating of non-immune serum wells. Dilute 
rotavirus negative control serum (same dilution as with 
immune serum) in coating buffer. Mix gently. Pipette 
100 1! of the dilution into each well in rows numbered C, 
D, G and H on the microtest plate. Incubate the plate for 
1-2 h at 37°C followed by overnight at RT. 

3. Just before use, wash the plate three times with 
PBS/T (see Buffers below), 

4. Preparation of faecal samples. Homogenize 
1-2 g faeces in 4 ml PBS (phosphate-buffered saline) 
to make a thin slurry. Centrifuge for 5 min at 1000 rpm 
to sediment solids. 

5. Enzyme substrate. 1 TMB tablet/10 ml phos- 
phate—citrate buffer (Sigma). 

6. Application of patients' samples and controls. 
Dispense 50 uw! of EIA diluent into each of four wells 
per sample or control, viz A, B, C and Dor E, F, Gand 
H, etc. (except for wells 1A, blank). (EIA diluent = 2%, 
sodium casein-PBS/T.) 

7. Dispense 50 u! of negative control (faecal sample 
known to be rotavirus negative) into a pair of antibody- 
coated wells and an adjacent pair of non-immune 
serum coated wells. Similarly, add the positive contro! 
sample. 

8. Dispense 50 ul of each clarified faecal suspen- 
sion into each of four wells (two wells coated with 
immune serum and two wells with non-immune serum). 
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9. Cover with 72 mm wide Sellotape or microplate 
lid and incubate for 2 h at 37°C or overnight at RT. 

10. Wash plate five times with PBS/T. 

11. Dispense 100 pl of the HRPO conjugated anti- 
rotavirus conjugate (Dakopatts) into all wells except 
blank. (Conjugate diluted in EIA diluent.) 

12. Incubate for 30 min at 37°C. 

13. Wash with PBS/T. 

14. Dispense 100 pl of TMB substrate solution into 
all wells (including blank) and incubate in the dark 
for 15 min. 

15. Stop the reaction by adding 100 pul of 1 MH,SO, 
to each well. 


Reading of results 


Determine the absorbance values of the wells by 
reading at 450 nm with reference wavelength 630 nm. 


Interpretation of test results 


A sample is considered positive for rotavirus if the 
following criteria are met: (a) the absorbance of the 
antibody-coated well minus the absorbance of the non- 
immune serum-coated well is greater than 0.1, and 
(b) the absorbance of the antibody-coated well divided 
by the absorbance of the non-immune serum-coated 
well is greater than 2, or (c) if both test wells show 
absorbances of = 3 and the absorbance of the test 
wells minus the absorbance of negative contro! wells 
are greater than 1. 


Confirmatory blocking test 


With some specimens an equivocal test result may be 
obtained. Such specimens can be confirmed with a 
blocking antibody to rotavirus. (The blocking antibody 
should be different from the capture/detector anti- 
bodies.) The blocking antibody is reacted with the test 
specimen at 37°C for 0.5—1 h and the reaction mix is 
then added to the EIA test well. Similarly, as control, a 
non-immune serum is reacted-with a different aliquot 
of the test sample. If the absorbance of the blocking 
antibody treated sample is <50% of the sample 
reacted with non-immune serum, the specimen is 
considered to be positive for rotavirus. 


indirect EIA for detection of Mycoplasma 
pneumoniae antigen 


Principle of the assay 


Specific antibodies to M. pneumoniae are bound to 
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microtitre wells. Non-immune serum (same animal 
species) is similarly coated to the adjacent wells to 
act as controls for non-specific binding. Unbound anti- 
bodies are removed by washing and patient samples 
are then added. If a sample contains M. pneumoniae 
antigen it binds to the capture antibody. Excess sample 
is then removed by washing. A second specific anti- 
body (guinea-pig anti-M. pneumoniae) is then added 
that binds to the antigen. Peroxidase-conjugated anti- 
guinea-pig. antibodies then detect any bound guinea- 
pig antibodies. TMB substrate is then added, and the 
colour intensity deVeloped is proportional to the amount 
of antigen present. 


Specimen processing 


1. The specimen types suitable for this test are 
nasopharyngeal aspirates, bronchial lavages/washings 
or sputum. 

2. Dilute specimen with an equal volume of EIA 
diluent buffer. Freeze/thaw this processed specimen 
once, sonicate for 20 min and inoculate into EIA plate. 
(Prior to dilution in ElA buffer, a portion of the specimen 
can be stored or used for virus culture.) 


Plate preparation 


1. Dilute capture antibody (rabbit anti-M/. pneurnoniae) 
in coating buffer (carbonate/bicarbonate pH'9.6) and 
dispense 100 pI of diluted antiserum into each well. 

2. Dilute non-immune serum (same dilution as with 
immune serum) in coating buffer and dispense 100 ul 
of the dilution into a pair of adjacent wells.” Incubate 
the plate for 1-2h at 37°C followed by overnight at 
RT. 

3. Prior to use, wash the plate three times with PBS/T. 


It may be necessary to absorb the rabbit ‘capture’ 
and contro! sera with a washed pellet of homogenized 
human lung tissue to remove heterogenetic cross- 
reactive antitissue antibodies in the sera that react with 
samples from the human respiratory tract. 


Application of patient sample 


1. Leave well Ai empty (blank). 

2. Dispense 100 uJ of prepared negative controls 
(specimen collection buffer diluted in EIA diluent 
buffer — 2% sodium casein in PBS/T) into three pairs 
of immune and non-immune serum-coated wells. 

3. Dispense 100! of the positive controls A, B 
and C (three different dilutions) into the appropriate 
coated wells. 

4. Dispense 100 ul of prepared patient sample into 
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two pairs of immune and non-immune serum-coated 
wells. 

5S. Cover with 72mm wide Sellotape or lid and 
incubate for 2 h at 37°C or overnight at AT. 

6. Wash five times with PBS/T. 

7. Dispense 100! of guinea-pig antiserum to M. 
pneumoniae into each well. The antiserum is diluted 
in EIA diluent buffer. 

8. Cover and incubate for 1h at 37°C. 

9. Wash five times with PBS/T. 

10, Dispense 100 ul of the HRPO conjugated rabbit 
anti-guinea-pig immunoglobulin (Dakopatts) into each 
well (optimal dilution determined by prior titration). 

11. Cover and incubate for 1 h at 37°C. 

12. Wash five times with PBS/T. ‘: 

13. Dispense 100 ut] of TMB substrate into all wells 
and incubate for 15 min at RT in the dark. 

14. Dispense 100 ul of 1M H.SO, into each well 
to stop the reaction. 


Reading 


Determine the absorbance values by reading the 
plate at 450 nm, reference wavelength 630 nm. (The 
reference wavelength is used to compensate for 
possible non-specific imperfections of the wells.) 


Interpretation 


A sample is considered positive for M. pneumoniae 
if the absorbance of the immune serum-coated wells 
minus that of the non-immune coated wells is greater 
than the cut-off value. The cut-off value is calculated 
as the mean of the. three negative controls plus four 
standard deviations of the EIA absorbance values 
from > 200 specimens which are known to be negative 
for M. pneumoniae. 


Detection of Mycoplasma pneumoniae 
igG antibodies 


Principle of the assay 


Sonicated M. pneumoniae (whole cell) is coated to 
microtitre plate wells. The test serum is then added 
and specific antibodies bind to the M. pneumoniae 
antigens. The bound specific antibody is detected with 
peroxidase-conjugated anti-human IgG. The addition 
of the substrate/chromogen causes colour to develop in 
antibody positive wells and the degree of the enzymic 
reaction is proportional to the level of bound conjugated 
antibodies. Hence, the titre of M. pneumoniae spe- 
cific antibody is proportional to the intensity of colour 
development. 
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Procedure 


1. Coat the microwells with 100 ul sonicated M. 
pneumoniae antigen diluted in coating buffer (carbonate/ 
bicarbonate buffer, pH 9.6). The optimal dilution is 
determined by prior titration. Similarly coat adjacent 
wells with uninfected culture medium (these act as 
negative control wells). 

2. Incubate the plate at 37°C for 2h followed by 
overnight incubation at RT. 

3. Prior to use, wash the plate three times with PBS. 


Application of patients’ sera 


1. Leave well Ai empty (blank). 

2. Dispense 100 u! of a pre-determined dilution of a 
serum sample known to be negative for M. pneumoniae 
antibodies (negative contro!) into three adjacent pairs 
of antigen and culture medium-coated wells. (Dilute 
serum with 2% casein in PBS.) 

3. Dispense 100 ul of a positive control sample into 
an adjacent pair of antigen and culture medium-coated 
wells. j 

4. Dispense 100 ul of patient's serum (either with a 
single dilution or a series of dilutions) into an adjacent 
pair of antigen and culture medium-coated wells. 

5. Cover with 72mm wide Sellotape or lid and 
incubate for 2 h at 37°C or overnight at RT. 

6. Wash five times with PBS/T. 

7. Dispense 100 yl of peroxidase-conjugated anti- 
human IgG (Dakopatts) (diluted in EIA diluent) into 
each well. The optimal dilution to use is usually close 
to that recommended by the manufacturer. 

8. Cover plate and incubate for 1 h at 37°C. 

9, Wash five times with PBS/T. 

10. Dispense 100 uy! of TMB substrate into al! wells 
and incubate for 15 min at RT in the dark. 

11. Dispense 100 nt! of 1 M H,SQ, into each well to 
stop the reaction. 


Reading 


Determine the absorbance values by reading the plate 
at 450 nm, reference wavelength 630 nm. 


Interpretation 


A sample is considered positive for M. pneumoniae 
IgG antibody if the absorbance of the antigen-coated 
wells minus that of the culture medium-coated wells 
is greater than the cut-off value. The cut-off value is 
calculated as the mean of the three negative controls 
plus four standard deviations of the EIA absorbance 
values from > 100 sera which are known to be negative 
for M. pneumoniae antiboay. 























Detection of Mycoplasma pneumoniae 
igM antibodies 


Principle of the assay 


Antibodies directed against human Ig u-chains are 
adsorbed onto microtitre plate wells. (The anti-u. chain 
is the capture antibody.) The test serum is added 
and IgM antibodies are then captured. Sonicated MV. 
pneumoniae whole cell organism is added and the 
antigen reacts with any M. pneumoniae-specific IgM 
antibodies that may be present. Binding of antigen is 
detected by a peroxidase-conjugated antibody to MV. 
pneumoniae, preferably produced in the same animal 
species as the capture antibody in order to minimize 
possible heterologous reactions. Substrate/chromogen 
is added to the wells and the extent of the enzymic 
reaction is proportional to the amount of bound conju- 
gated antibodies. Hence, the level of M. pneumoniae 
IgM specific antibody detected is proportional to the 
extent of colour development. 

When testing for IgM specific antibodies, it is neces- 
sary first to check the patient's serum for presence 
of rheumatoid factor (RF), e.g. with IgG coated latex. 
RF bound to IgG antibody will ‘appear’ to the detection 
system as IgM antibody. If present, the rheumatoid 
factor must be removed by absorption with IgG- 
coated immunoadsorbents. These immunoadsorbents 
are readily available commercially or produced ‘in 
house’, , 


Procedure 


1. Coat the microwells with 100 ul of rabbit anti- 
human . chain, diluted in coating buffer (carbonate/ 
bicarbonate buffer pH 9.6). The dilution is determined 
by prior titration. This is generally in the range 1 in 400 
to 1 in 1600. 

2. Incubate the plate at 37°C for 2h followed by 
overnight incubation at RT. 

3. Prior to use, wash the plate three times with 
PBS/T. : 


Application of patients’ sera 


1. Leave well Ai empty (biank). 

2. Dispense 100 pi of a pre-determined dilution of a 
serum sample known to be negative for M/. pneumoniae 
IgM antibodies into three pairs of coated wells. This 
is the negative contro]. (Dilute serum in 2% casein with 
PBS.) 

3. Dispense 100] of a positive control sample 
(similar dilution to the negative control) into one of 
the coated wells. 
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4, Dispense 100 u! of patient's serum (either with 
a single dilution or a series of dilutions) into a pair of 
coated wells. 

5. Cover with 72mm wide Sellotape or lid and 
incubate for 2h at 37°C or overnight at RT. 

6. Wash five times with PBS/T, 

7. Dispense 100 ul of sonicated M. pneumoniae 
organism — diluted in 2% casein with PBS — into one 
well (antigen well) and a similar dilution with uninfected 
culture medium into the second well. The optimal 
dilution to use should be determined by prior titration. 

8. Cover plate and incubate for 1 h at 37°C. 

9. Wash five times with PBS/T. 

10. Dispense 100 u! of peroxidase-conjugated anti- 
M. pneumoniae (rabbit) (diluted in 2% casein with 
PBS/T) into each well. The optimal dilution to use is 
again determined by prior titration. 

11. Cover plate and incubate for 1h at 37°C. 

12. Wash five times with PBS/T. 

13. Dispense 100 ui of TMB substrate into all wells 
and incubate for 15 min at RT in the dark. 

14. Dispense 100 pl of 1M H.SO, into each well 
to stop the reaction. 


Reading 


Determine the absorbance values by reading the plate 
at 450 nm, reference wavelength 630 nm. 


Interpretation 


A sample is considered positive for M. pneumoniae 
IgM antibody if the absorbance of the antigen well 
minus that of the culture medium well is greater than 
the cut-off value. The cut-off value is calculated as 
the mean of the three negative controls plus four 
standard deviations of the EIA absorbance values 
from > 100 sera which are known to be negative for 
M. pneumoniae |g antibody. 


Buffers 


Coating buffer: 50 mM carbonate—bicarbonate 
buffer, pH 9.6 


Na,CO, 1.59 g (15 mM) 
NaHCo, 2.93 g (35 mM) 
HO 1000 mi 


Citrate—phosphate buffer, pH 5.0 


Citric acid.H,O 7.39 (0.347 M) 
NasHPO,.2H,0 11.9 gq (0.067 M) 
HO 1000 mi 
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Phosphate-buffered saline, pH 7.2 
(x10 concentrate); PBS/T; EIA diluent 


NaCl 80g 
KCI 2g 
KH.PO, 2g 
Na HPO, 11.59 
HO 1000 mi 


Dilute 1 in 10 and dispense for use. Sterilize at 115°C 
for 10 min. 


PBS/T = PBS (1x) + 0.05% Tween 20. 


EIA diluent = PBS/T + 2% sodium casein (Ajax 
Chemicals) (see text above). 
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RADIOIMMUNOASSAY (RIA), INCLUDING 
RADIOIMMUNOPRECIPITATION TESTS 


These methods, which offer the advantages of speci- 
ficity, precision and high sensitivity, have evolved 
mainly from tests devised to quantify polypepude 
hormones (Parker 1976), although radioimmuno- 
precipitation was used to measure antibody to 
Coxiella burnetii in the 1950s. They may be used to 
measure either antibody or antigen. Radioimmuno- 
assay for measurement of antibody may be under- 
taken in solution (i.e. radioimmunoprecipitation) or 
with one of the ligands bound to a solid phase such 
as a well in a microtitre plate, a glass or polystyrene 
bead, or an insoluble support such as cellulose. In the 
radioimmunoprecipitation test, radiolabelled antigen 
is reacted with the test serum in which antibody is 
to be detected, and the antigen/antibody complex 
is precipitated and separated from the unbound 
labelled antigen by treatment either with an anti- 
globulin, or by ammonium sulphate precipitation 
(if the antigen is soluble in ammonium sulphate), or 
by treatment with staphylococcal protein A followed 
by centrifugation or chromatography to deposit or 
separate the complexes. A comparison is then made 
of the radioactivity in the deposit with that in the 
supernatant and the ratio between the two measure- 
ments reflects the amount of antibody present in the 
test serum. Competition radioprecipitation assays 
may be used for antigen detection, in which labelled 
antigen competes with unlabelled antigen in the test 
sample for a limiting amount of antibody reagent. 
When complexes are precipitated by one of the 
above methods, precipitation of labelled antigen 1s 
inhibited to an extent reflecting the amount of ant- 
gen in the test sample. Competition assays for the 
measurement of antibody generally require the ant- 
gen to be bound to a solid phase. 
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Solid-phase radioimmunoassay offers the advan- 
tage that separation of antigen/antibody complexes 
is more easily achieved. The principle of the method 
is identical to that of enzyme immunoassay, except 
that radiolabelled rather than enzyme-labelled anti- 
globulins are used. Instead of the addition of sub- 
strate, gamma or scintillation counting is required 
to quantify the bound anti-globulin. Direct, com- 
petition and antibody capture techniques are all ap- 
plicable to solid phase RIA. As in EIA, rheumatoid 
factor may interfere with IgM tests. 

The most commonly used radionuclide 1s 
which can be linked to antigen or antibody with little 
damage to their immunological specificity. A dis- 
advantage of radioimmunoassay is that '*’I-labelled 
reagents in common use have a limited shelf-life 
(commonly 3-6 weeks), owing to the half-life of the 
isotope (60 days for '”I) and to radiation-induced 
damage to the ligand on storage. In addition, there 
is the potential hazard of using radio-isotopes, parti- 
cularly during the process of labelling antigen and 
antibody when the largest quantity of '”I is used. 
There is also the requirement for expensive equipment 
for counting. 

It is probable that the microbiology laboratory will 
not need to make up solid-phase radioimmunoassays 
or radioimmunoprecipitation assays, although they 
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‘may use assays from commercial sources. Conse- 


quently, detailed methods are not given. However, 
further general information may be gained from 
Bolton & Hunter (1986). An example of the detec- 
tion of antibody to hepatitis B surface antigen is given 
by Burrell et al (1978). 


COMPLEMENT-FIXATION TESTS (CFTs) 


The fact that antibody, once it combines with anti- 
gen, is able to activate the complement system 1s 
used as a way of showing the presence of a parti- 
cular antibody in a serum, or, conversely, when used 
with a known antiserum, to detect viral antigens in 
inflammatory exudates or in infected cell cultures. 
In the serum of healthy persons the complement 
system consists of some 20 plasma proteins arranged 
in nine interacting groups. The complement of most 
species will react with antibody derived from other 
species; fresh guinea-pig serum 1s a common labora- 
tory source of complement. The complement in fresh 
human serum has to be inactivated by heat before 
the serum is tested for complement-fixing antibody. 
Some of the components of complement are heat 
labile and are destroyed by heating at 56°C for 
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20-30 min. The individual components of the com- 
plement system are taken up by an antigen—antibody 
complex in a particular order; destruction of the 
heat-labile components — which are taken up early 
in the cascade reaction — prevents the remaining 
components from taking part. 

For most antigens the reaction of the complement 
system with the antigen-antibody complex causes 
in itself no visible effect and it is necessary to use an 
indicator system, which commonly consists of sheep 
red cells coated with anti-sheep red cell antibody 
(haemolysin). Complement has the ability to lyse 
the antibody-coated cells, probably by virtue of the 
esterase activity of one of the end-products of com- 
plement activation on the red cell membrane. In a 
test for viral antibody, the patient’s serum, comple- 
ment and antigen are first mixed together and, after a 
period of incubation, the indicator system, antibody- 
coated sheep erythrocytes, is added. The comple- 
ment initially added to the system will, however, have 
been taken up (‘fixed’) during the incubation stage 
by the original antibody~antigen complex (if specific 
antibody was present) and will not be available to lyse 
the antibody-sensitized erythrocytes. Thus, a positive 
complement fixation test 1s indicated by absence of 
lysis of the erythrocytes while a negative test, with 
unused complement, is shown by lysis of the red 
cells (Fig. 9.2). 

Fresh or specially preserved serum from healthy 
adult (250-300 g) guinea-pigs, which have been 
starved for 24 h before being bled, is used as a source 
of complement. It contains an active haemolytic 
complement for sheep erythrocytes sensitized with 
the homologous haemolytic antibody. When fresh 
serum is used, the blood is obtained by cardiac punc- 
ture 12-18 h before the test. It is allowed to clot and 
stand overnight in the refrigerator. The complement 
in serum too recently withdrawn is apt to be exces- 
sively ‘fixable’, and in consequence is unsuitable for 
the complement-fixation (CF) test. 

When possible, the pooled serum of several guinea- 
pigs should be used. Guinea-pigs may suffer from 
infection with paramyxoviruses or chlamydias; thus, 
antibody may be present in their sera and may give 
rise to artefactual reactions when such sera are used 
as a source of complement in the CFT proper. Small 
portions of the guinea-pig serum harvested for 
complement should be inactivated and tested with 
mumps and parainfluenza antigen and with chlam- 
ydial group CF antigen before the harvests are pooled 
for use as a complement source. 

Complement is unstable and detenorates on keep- 
ing at ordinary temperatures. It is advisable to keep 
the guinea-pig serum, particularly when diluted, on 
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ice during the course of setting up CF tests. If storage 
at —30°C is available, the fresh serum may be divided 
into small portions and kept frozen for a few weeks. 

Specially preserved serum (see below) can be kept 
for several months, and it is now a general practice to 
use such a preparation made from the pooled blood 
of a number of animals. 

Preservation of complement. For the preservation 
of complement two principles have been applied: 
(1) rapid drying of the serum from the frozen state zm 
vacuo (‘freeze drying’) and the reconstitution of the 
serum when required by dissolving the dried material 
in the appropriate amount of distilled water — 
Rayner’s method for the preservation of bacterial 
cultures and serum (Rayner 1943); (2) addition to 
the liquid serum of hypertonic sodium chloride or 
other salts, exemplified by Richardson’s method 
(Richardson 1941). Preservation of the complement- 
serum in the liquid state constitutes a simple and 
convenient procedure, which will keep for a few 
months at 4°C, 1] year at—70°C or in the freeze-dried 
state. Once the freeze-dried reagent is reconstituted 
it should be stored at 4°C and used within | week as 
the gradual loss of CO, from the serum leads to pH 
changes and loss of activity. 


Complement-fixation tests for measurement of 
viral antibody | 


Details, including appropriate controls, are given in 
the Methods at the end of this section. In principle, 
serial dilutions of heat-inactivated test sera, prefer- 
ably paired acute and convalescent phase samples, 
are prepared in a buffered CF diluent rich in magne- 
sium and calcium ions (co-factors for complement 
activation). The dilutions are generally made in 
microtitre plates, using a 0.025 ml unit volume. 
One volume of complement containing three 50% 
haemolytic doses (3 HD50) is added to each of the 
serum dilutions, followed by an opumal] dose of viral 
antigen (Bradstreet & Taylor 1962). 

Each serum has to be tested with several antigens, 
and the test may be set out so that the serial dilutions 
of different sera take up the rows on a single plate 
and the same antigen is added to all wells on the same 
plate. 

When all three reagents have been added and 
mixed, the plates are incubated, usually at 4°C 
overnight, to allow fixation of complement. A unit 
volume (0.025 ml) of sensitized cells is then added to 
each well in the plate. After a short incubation at 
37°C, reading of the plates is facilitated by settling 
of the cells so that degrees of haemolysis may be 
assessed in the supernatant fluid in the wells; this 
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may be achieved in a plate centrifuge or by gravity 
on the bench. Wells containing antibody show 
unlysed cells collected in the bottom (Fig. 9.2). ‘The 
endpoint (titre) is taken as that dilution fixing 75— 
100% of complement and is expressed in terms of the 
starting dilution of the serum. 

An alternative test format is to ‘screen’ sera, parti- 
cularly the convalescent phase serum, at a standard 
dilution of, say, 1 in 40 against each of the viral anti- 
gens and then, in a second test run, to titrate both the 
acute and convalescent serum against those antigens 
giving a positive result in the initial screen test. While 
this may be more economical of reagents, it is more 
labour intensive and reporting is delayed. It is a 
matter for individual laboratory decision in relation 
to work patterns and reporting pressures. 
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METHODS FOR COMPLEMENT: 
FIXATION TESTS FOR ANTIBODY AND 
ANTIGEN 


Antigens for viral serodiagnosis 


Table 9.2 lists a range of CF antigens available from 
four commercial sources. Unfortunately, as a result 
of the low profit margin on diagnostic antigens, the 
availability varies at short notice. As elsewhere, the 
point is made that the list.is introductory and does 
not constitute an endorsement of the products or imply 
that these are the only sources. 

if resources permit, the purchase of standardized 
antigens offers a considerable saving in time and la- 
bour. If antigens are to be prepared in the laboratory, 
consideration has to be given to the following points: 
(1) the optimal system for growing the virus to pro- 
duce high-titre antigen — this may involve using cells, 
chick embryos or animals; (2) the efficiency of extract- 
ing virions or non-virion antigens from the substrate 
cells and the complications, if any, that failure to 
separate cell or tissue proteins from the antigen will 
impose on the serological technique in which the 
antigen is to be used; (3) the stability of the antigens 
during the extraction process; (4) the personal safety of 
staff. These parameters will differ from virus to virus. 
Consequently, the relevant chapters of Lennette & 
Schmidt (1979) should be consulted, along with those 
in Maramorosch & Koprowski (1967), Fraenkel-Conrat 
& Wagner (1974-1983) and Fields (1985). 


Patient's serum 


A specimen of blood is obtained by venepuncture as 
for blood culture. The blood is then placed in a sterile 
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stoppered test tube or screw-capped bottle and al- 
lowed to coagulate. lt is advisable to obtain at least 
5 ml of blood. The serum is pipetted off after separation; 
some is diluted to the starting dilution for the test and 
heated in a water-bath at 56°C for 30 min. Heating 
reduces non-specific fixation effects which may occur 
with normal unheated sera plus the antigen; it also 
inactivates its complement. 


Reagents 


Complement fixation test diluent. Veronal NaCl 
diluent, obtainable in tablet form (Oxoid). 

Preserved complement (Richardson's method). 
Preservation of liquid complement-serum in hyper- 
tonic salt solution is effective provided the pH is 
adjusted to 6.0—-6.4. A convenient method (Richardson 
1941) employing borate buffer sorbitol for the control 
of pH, is now described. Two stock solutions, which 
keep indefinitely, are used: 

Solution A. Boric acid (H,BO,) 0.93g, borax 
(Na.B,O7,10H,O) 2.29 g, and sorbitol (C.H,,O5.44H2O) 
11.74 g are dissolved in and made up to 100 mi with 
saturated NaCl solution. The resulting molar concentra- 
tions are: 0.27 mollitre boric acid, 0.12 mol/litre sodium 
borate, 0.6 mol/litre sorbitol in saturated sodium chloride. 

Solution B. Borax 0.57 g and sodium azide (NaNs) 
0.81 g are dissolved and made up to 100 ml with satu- 
rated NaCl solution. The resulting molar concentrations 
are: 0.03 mol/litre boric acid, 0.03 mol/litre sodium bo- 
rate, 0.125 mol/litre sodium azide in saturated sodium 
chloride. 

To preserve complement, mix 8 parts of serum with 
1 part of solution B, followed by 1:part of solution A. 
This treated serum keeps very well even at recom tem- 
perature. At —70°C, loss of titre is not noticeable even 
after 12 months. The final concentrations in the mixture 
are 0.03 mol/litre boric acid, 0.015 mol/litre sodium bo- 
rate, 0.06 mol/litre sorbitol, and 0.0125 mol/litre sodium 
azide. 

For use as a 1-in-10 dilution of complement, 1 part 
of preserved serum is diluted with 7 parts of distilled 
water, Any further dilution from this 1-in-10 mixture is 
made with saline or the Veronal—sodium chloride CFT 
diluent. The diluted complement preparation should 
not be kept more than an hour or two and should be 
kept on ice or at 4°C when not required on the bench. 

Viral antigens. These may be bought commercially 
(Table 9.2 shows some sources) or made in the 
laboratory. 

Sheep erythrocytes (Oxoid). Either defibrinated or 
in Alsever’s solution. Wash in saline at jeast three 
times, until the supernatant is colourless. Resuspend 
the red cells in physiological saline and estimate their 
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antiserum (row 2) are titrated against an optimal dose of one antigen. The starting dilutions (1 in 5) of the sera are in the cups on tne 
left hand side of the plate (column H) and dilutions extend across the plate to an end dilution of 1 in 320 in column 8. Serum controis 
at a dilution of 1 in 5 are in the rows under column A. Abbreviated complement titrations (3, 1.5 and 0.75 HDS50) with the working 
dilution of antigen (cups H, G and F) and one without antigen (cups E, D and C) are located at ihe top of the piate (see also text). 
Complete fixation of complement is indicated by a clear well with a central button of cells. The titre of the positive contro! serum is 160. 
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Fig. 9.2 Suggested layout for the complement fixation test in which ten serum specimens (rows 3 lo 12) and a positive control 
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“For addresses of suppliers, see Appendix 3, A = available; — = not known to be available. 


’ Also available from CSL. 
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concentration in a haematocrit tube by centrifuging at 
3000 rpm for 20 min. Aconcentration of 4% (v/v) in CFT 
diluent is required for sensitization with antibody. 

Rabbit or horse anti-sheep red cell serum (MA 
Bioproducts). This should have a high haemolytic titre 
but a low haemagglutinating titre. It is often referred 
to as haemolysin, immune body (IB) (Darter 1953), or 
haemolytic immune body (HIB). 


Summary of test procedure 


Serum samples to be tested are diluted to an appro- 
priate starting level, e.g. 1 in 5, heat-inactivated, 
placed in wells at one edge of a microtitre plate and 


seria! two-fold dilutions are prepared in corresponding - 


rows (Fig. 9.2). Complement and virus antigen at the 
appropriate dilution (see below) are added to all test 
wells in that order. The plates are then incubated, 
usually overnight at 4°C, but sometimes at 37°C for 
1—2 h to allow antigen—antibody interaction with con- 
sumption of complement if antibody is present. Over- 
night incubation in the cold gives a more sensitive 
test and better fits the working pattern of the laboratory. 
On the first day sera are diluted and the test is set up. 
On the second day, the haemolytic system is added, 
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the test read and reported. Reagents standardized for: 


an overnight test must not be used in a short-fixation 
test, and vice versa. 

When the indicator system is added, inhibition of 
cell lysis (i.e. a cell button) indicates absence of free 
complement, and therefore presence of virus-specific 
antibody. Essential controls included with every test 
are: (1) serum control (the serum under test, at highest 
concentration used, with complement, but without anti- 
gen) to detect naturally occurring anti-complementary 
activity in the test serum; (2) antigen control (virus 
antigen and complement, without added test serum) to 
check for any anti-complementary activity in the virus 
antigen; (3) a complement titration made by adding 
successive dilutions of complement to a row of wells, 
starting with complement at working strength, in order 
to check the number of complement units in the test; 
(4) cell contro! (sensitized cells without added serum, 
antigen or complement) to detect any spontaneous 
cell lysis; (5) positive serum control in which a standard 


- known positive antiserum is titrated to its end-point 


with the corresponding antigen at the dilution used in 
the test to check its potency; and (6) a normal yolk 
sac (for egg-grown antigens) or uninfected cell culture 
control, or both as appropriate, in order to ensure that 
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the patient’s serum does not interact with non-specific ° 
components of the antigen preparation. 


Complement fixation — detailed 
procedure. 


The method described is based on that of Bradstreet 
& Taylor (1962) but has been modified for use in 
microtitre plates. All the serum titres quoted are initial 
dilutions before the addition of the test system. 


Apparatus 


1. Cooke microtitre disposable ‘U’ plates (rigid 
styrene) or permanent lucite ‘U’ plates (Fiow); these 
plates have 12 x 8 wells. 

2. Permanent or disposable 0.025 ml pipettes (Flow) 
with filters. 

3. Microdiluters 0.025 mi (Flow). 

4. Go-no-Go sheets to test volume delivered by 
pipettes and microdiluters (Flow). 

5. Automatic syringe (1 ml to deliver 0.1 ml; Turner) 
for antigen dilutions in chessboard. 

6. 1 mi rubber teat. 


Titration of complement and anti-sheep cell 
haemolytic serum 


- 1. Prepare dilutions of the complement in 20% 
steps as follows. lf Richardson's preserved comple- 
ment is being employed it should be prepared by 
adding 7 volumes of distilled water to 1 volume of com- 
plement. This will give a dilution equivalent to 1 in 10, 
which can subsequently be diluted with buffer. When 
using the microtitre plates, only a very small volume 
of the complement dilutions is required. The quantities 
suggested are shown in Table 9.3. 

2. With the micropipette put two drops (0.05 ml) of 







plate (Table 9.4). These two drops replace the antibody 
and antigen in the test proper. 

3. Beginning with column 10, add one drop of buffer 
to each of the 7 wells, then one drop of the 1-in-179 
dilution of complement to each of the 7 wells of column 
9 and work backwards till all the wells contain a total 
of three drops. 

4. Cover the plate and incubate overnight at 4°C 
to mimic the actual test in which the virus—antibody 
reaction typically requires 18 h to reach completion. 

5. Next day, prepare 1mi amounts of doubling 
dilutions of the haemolytic antiserum from 1 in 25 to 
1 in 800, in six tubes. To an equal volume of 4% 
sheep red cells add these dilutions of haemolytic 
anti-serum. Note: Always add haemolytic antiserum 
to the red cells. As a control, to ensure that the cells 
do not also lyse in the absence of the haemolytic 
antiserum, add 1 ml buffer to 1 ml RBC (tube 7). Place 
the tubes in a water-bath for 10 min at 37°C, or at 
room temperature for 30 min to sensitize the red blood 
cells. 

6. After overnight incubation, remove the plate from 
the refrigerator and place in a 37°C incubator for 
30 min (for cells sensitized at 37°C in step 5) or stand 
at room temperature for 30 min (for ceils sensitized at 
room temperature). 

7. Beginning with tube 7 without any haemolytic 
antiserum, add one drop of the cells to each well of 
row G. Then continue to add the sensitized red cells, 
row by row, finishing with the mixture containing the 
j-in-25 haemolytic antiserum. Cover plate with clear 
sticky tape. 

8. Tap plate gently to keep cells in suspension and 
incubate for 30min at 37°C. The plate should be 
shaken at 10 min intervals. 

9. Place at 4°C to allow unlysed cells to settle. The 
degree of haemolysis in each well is then scored on 
a scale from O—4 as follows: 0 = 100% lysis; 1 = 75% 







CFT diluent in each of 70 wells (10 x 7) of a microtitre lysis; 2 = 50% lysis; 3 = 25% lysis; 4 = 0 lysis. In 
Table 9.3 Dilution series for titration of complement : . : | 
Volumes of reagents in tube numbers = | 
Reagent she ate 3 a 5m 6 7 8 9. | 
pera pe ineoetimeningiptagsageliaoeneaetem oansiiaeeeeeagagoe i —— 
Complement 0.2 mi _" - ~ = ss as = - 
Distilled water 1.4 ml - - - - _ - = ~~ 
CFT diluent 3.2 ml 0.5 ml 0.5 ml 0.5 ml 0.5 ml mi 0. 5 mi 0.5 ml 
2 ml 2 mi 2 ml 2 mi 2 mi 2 mi 2 mi 2m 
Resulting dilution 1 in 30 1 in 38 1 in 47 T in 59 1in 73 1 in 92 1in 114 1 in 143 1 in 179 






*_. = none added. 
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0 = complete lysis of erythrocytes. ee 
4 = unlysed cells. 7 
| 3, 2,1 = varying degrees of cell. \ysis... 
_= unused cup in microtitre plate. . 








addition, trace (tr).is used to denote a few unlysed 
cells (i.e. between O and 1). 


The optimal sensitizing concentration (OSC) of the 
haemolytic serum is that dilution which gives most 
haemolysis with the highest dilution of complement. In 
the example shown in Table 9.4, it would be 1 in 100. 
The 50% haemolytic dose of complement (HD50) 
is that dose of complement at which lysis of 50% of 
the cells occurs in the presence of the OSC of haemo- 
lytic serum. In the above example the HD50 would 
be a 1-in-143 dilution. In the test proper, a satisfactory 
compromise between sensitivity and specificity is 
obtained by using 3 HD50. 


Standardization of antigen and antisera 


This is done by a ‘chessboard’ titration of a series 
of dilutions of the test antigen against dilutions of a 
reference antiserum (Tables 9.5, 9.6). 


1. Prepare doubling dilutions of the heat-inactivated 
serum from 1 in 5 to 1 in 640 (eight wells) or to the 
desired level. This may be done either in tubes followed 
by transfer of the serum dilutions to the plate, or in the 
plate itself by the use of the microdiluters. For the latter 
method, one drop of buffer is added to 56 wells (8 x 7) 
beginning with the second column; one drop of serum 
diluted to 1 in 5 is added to all the welis of the first 
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and second columns. One diluter loop is then placed 
in each of the wells of the second column, rotated 
and transferred to the wells of the third column. This 
is continued until the eighth column is reached when 
the remaining 0.025 ml is discarded. 

2. Add one drop of 3 HD50 complement to all the 
wells of the test. The following are also required: (a) a 
cell control to check for the absence of spontaneous 
lysis of the sensitized erythrocytes in the absence 
of complement (one well with three drops of buffer 
and no complement); (b) a complement control to 
check the amount of complement actually used in 
the test (three wells with two drops of buffer and one 
drop of either 3, 1.5 or 0.75 HD50 complement); 
(c) antigen controls to test for anti-complementary 
activity dispensed as in Tables 9.5 and 9.6, containing 
antigen at each dilution, decreasing amounts of 
complement and 1 unit volume of buffer in place of 
serum. 

3: Prepare six doubling dilutions of antigen (from 
1 in 5 to 1 in 160) in test tubes, remembering to 
change pipettes at each dilution to avoid carry-over 
of antigen. Beginning with the bottom row, row G, add 
one drop of buffer to all the wells of that row with serum 
dilutions 1 in 5 to 1 in 640 (serum contro!) and continue 
up the concentrations of antigen allowing one row 
per dilution (rows F to A). 

4. Incubate the plate overnight at 4°C. 
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“ Antiserui dilutions 1s (one in) ak Teale Sokol: 
5 10 20 ~=640 80 -.-- 160 320 640 3 1.5 0.75 
| WF nr des | Be HD50 
" 2 3 4 a 6 7 8 9 10 - 11 12 
7 . \ Hat ee _.. .. With antigen 
Antigen 5 A 4 4 oh ee OF OS Oe 0. 0 0 0 4 
| diutions- 10 .B .4 Ya eM einen Dee A, ocr ets eet RO I ad 4 
~ | (one in) 20 iG 4 ld gees 5 Be OF. a Oe id 4 
zs 40 D ee? rea) 4 ees Qe 0.4.°°05;">, 0 4 
80 Ee 4 aes Stree Gigs De 0 See Oo ~ 2:0 4 
160 F 2 0 0. 0 0 0. 0;:76-=0 0. 0 4 oe 
~ No antigen . ! 
x Sa besa : ae ae ie ‘complement only Gell control 
Serum G . tr 0 rp 828 02 2.06% 50 0 O'- = 0 4 oe 

| pear only " et 

| —— — = ee. - ———————————— 

_* Designations of columns and rows of cups in a microtitre plate; see Table 9.4 and Figure 9.2. 
ra titration of an antigen and antiserum showing plateau optimal antigen titre. &: 

| Antiserum dilutions (one in) Complement controls 

| 5 10 20 40 80 160 320 640 3 1.5 0.75 

| HD50 

"I 2 3 A 5 6 7 8 9 10 11 - “F2 
With antigen 
5S Ae 4 4 4 4 2 0 0 0 2 4 4 
Antigen 10 B 4 4 4 4 a 0 0 0 0 2 4 
dilutions 20 C 4 4 4 4 2 0 0 0 0 «) 4 
(one in) 40 D 4 4 4 4 2—- 0 0 0 0 0 4 
80 E 4 4 2 1 0 0 0 0 0 0 4 
160 Fo 1 4 0 0° 0 0 0 0 0 4 
No antigen, - 

E complement only Cell control | 
Serum G 0 0 0 0 0 0 0 0 0 0 4 4 | 
only 

7 Designations of columns and rows of pe in a microtitre plate; see Table 19, 4 and id Figure 9.2. | 
5. The following day, prepare and sensitize the antigen dilution (Table 9.5); or (2) that with a plateau 
sheep red blood cells using OSC of haemolysin. of optimal antigen dilution (Table 9.6). An antigen 
Remember that the diluted haemolysin and the 4% showing a peak pattern should be used at the optimal 
erythrocyte suspension have to be very well mixed. peak dilution (OPD). With an antigen showing a plateau 
Using two flasks, the diluted haemolysin is poured into pattern, 1 unit of antigen may be taken as the highest 
the erythrocyte suspension, swirling continuously. dilution of antigen giving a score of 2 or more fixation 
6. Warm plate at 37°C or room temperature (as with the highest dilution of serum; the antigen should 
for complement titration) for 30 min. be used at 2 or 4 units (preferably 4 units if not 
7. Add one drop of sensitized cells to all wells; anti-complementary). A plateau pattern may indicate 
incubate as for complement titration. anti-complementary activity at low antigen dilutions 
sometimes detected with 1.5 HD50 but not with 3 HD50 

Most antigen-antibody ‘chessboards’ give one or (Table 9.6). In the example shown, the 1-in-5 and 1-in- 
other of two main patierns: (1) that with a peak optimal 10 dilutions of antigen are slightly anti-complementary 
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as judged by the complement titration at the right end 
of the table. 
The titre of the serum is the highest dilution of serum 


that gives a reading of 2 or more with the antigen. - 


Fixation end-points are marked in Tables 9.5 and 
9.6. The antigens in both samples would be used at 
7 in 20, i.e. OPD in Table 9.5; twice end-point in Table 
9.6. The titre of each serum is 80. 


Test proper for serological diagnosis 


1. Heat 1-in-5 serum dilutions (0.2 ml serum, 0.8 ml 
CF buffer) at 56°C for 30 min to inactivate complement. 

2. Put 1 volume (0.025 mi!) diluent as indicated 
(Fig. 9.2) into wells G-A for each test serum and for 
the positive serum control. 

3. Add 1 volume of diluent to six complement contro! 
wells (H—C) or complement titration (3; 1.5, 0.75 HD50 
with and without specific antigen). 

4. Add 3 volumes buffer to a cell contro! well (well 
1A). 

5. Using a separate pipetie for each serum, put 
50 i! of each heated, diluted serum into well H to 
provide the starting 1-in-5 dilution, and put 25 ul of 
each heated, dijuted serum into well A for serum 
control. 

6. Make doubling dilutions (0.025 ml) by transferring 
the diluters from wells H-G and so on to well B; mix 
thoroughly at each transfer by rotating the diluters four 
times. Blot diluters dry. 

7. Add 1 volume complement 3 HD5O0 to all rows, 
wells H-A, and to wells H and E in the complement 
titration row (step 3). Add 1 volume complement 1.5 
HD50, and 1 volume 0.75 HD50 to wells G and D, 
and wells F and © respectively, in the complement 
titration row. 

8. Add 1 volume of antigen at the OPD or 2-4 units 
to wells H-B of each test serum and positive con- 
trol serum row, and to wells H—-F in the complement 
titration row. Add 1 volume buffer to wells E—C in 
the complement titration row to take the place of 
antigen. 

9. Stack and cover plates and stand overnight at 
4°C. 

10. Next morning sensitize washed 4% sheep RBC 
in a conica! flask by slow addition with thorough mixing 
of an equal volume of haemolysin (final mixture 2% 
cells with optimal sensitizing dilution of haemolytic 
antiserum). Always add the serum to the cells as addi- 
tion of the cells to the serum may result in uneven 
sensitization. Incubate in water-bath at 37°C for 10 min 
or at room temperature for at least 30 min. 

11. Remove plates from refrigerator and warm for 
30 min at 37°C or room temperature. Add 0.025 ml of 
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2% sensitized sheep cells to each well. Cover plates 
with sealing tape. 
12. Re-incubate for 30 min to allow lysis, shaking 


at 10, 20 and 30min to resuspend cells-using a- 


microshaker or manually. 

13. Deposit cells by centrifugation in the plate 
centrifuge (200-300 g for 5 min), or placing plates in 
refrigerator overnight, or by standing them at room tem- 
perature for several hours until the cells have settled. 


The highest dilution of serum giving a fixation value 
of 4 or 3 is taken as its titre. For routine testing of large 
numbers of sera, one may put the antigen,-complement 
and cell controls on one plate, and the known positive 
control antiserum titration on another plate, allowing 
12 test sera per plate. If any serum should be anti- 
complementary, i.e. fixes complement in the absence 
of antigen, it should be treated by incubating it over- 
night at 4°C with fresh guinea-pig serum (4 volumes 
of patient's serum to 1 volume quinea-pig serum). After 
heating for 30 min at 37°C dilute with buffer to give a 
1-in-5 dilution and inactivate any free complement by 
heating for 30 min at 60°C. 


CFT method for testing antigens 


For virus identification, straight-line titrations of antigen 
from undiluted to 1 in 160 or higher are tested against: 
(1) specific animal antiserum at 4 times titre; (2) nega- 
tive control serum at same dilution as specific anti- 
serum; and (3) Veronal—NaCl diluent (antigen controls). 
Specific reagent controls are also included. 
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A number of viruses possess surface molecules that 
bind to receptors on the outer membrane of red 
blood cells from a species of animal or bird appro- 
priate for the particular virus. This reaction can be 
visualized macroscopically as an irregular ‘carpet’ of 
red cells on the bottom of microtitre plate wells, 
in contrast to the central ‘button’ of cells seen when 
haemagglutination has not occurred. Virus-specific 
antibody reacting with viral surface antigens can be 
measured by the ability to block this reaction. Sera 
may contain low levels of ‘non-specific inhibitors’ 
(not antibody) that will also block the reaction with- 
out signifying the presence of specific virus antibody. 
Various methods are available to remove or inactivate 
non-specific inhibitors from sera prior to the test 
(see Table 9.7). 
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Virus Optimal type of red cell pH Temperature 


(and concentration of incubation 
viv'%) 


Adenovirus Monkey, rat 7.2 37°C 


(0.75%) stabilized with 
rabbit serum 
Togavirus Goose (0.3%) 5.7-7.4 4°C 
Flavivirus 
Enteroviruses Human ‘O° (0.75%) 5.8or7.4 4°C or 37°C 
Influenza A 
(inO phase) Human 'O’(0.75%) | 


Guinea-pig (0.5%) 


(in DO phase) Fowl (0.5%) 22°C 
Influenza B Human 'O" (0.5%) 
Guinea-pig (0.5%) 7.2 
Fowl (0.5%) 
Influenza C Human ‘O' (0.5%) 04°C 
Guinea-pig (0.5%) 
Fowl (0.5%) 
Measles Monkey (0.5%) 7.2 37°C 
Mumps Chicken (1.010 0.5%) 7.2 4°C then 
37°C 
Paraintiuenza Human ‘O° (0.75%) 
1,2,3 Guinea-pig (0.5%) 
Reovirus Human ‘O° (0.75%) 7.2 22°C 
Rubella Day-old chick 72a RT 
cells (0.25%) 
Pigeon (0.25%) 6.2 RT 





’ RT = room temperature. 
© Conditions and diluents vary for each virus group, See Clarke & Ca 
“ ADE = receptor destroying enzyme. 


In practice, routine virus laboratories make much 
use of HAI tests for rubella antibody testing; less 
frequently strain-specific anubody responses to influ- 
enza virus and arbovirus antigen may be measured 
by this technique. The other examples of HAI tests 
listed in Table 9.7 are of limited application and re- 
stricted to more specialized laboratories. Conditions 
for HAI tests are critical and differ between viruses; 
however, once a particular system is standardized 
it is a satisfactorily robust test. Details of techniques 
for influenza and rubella follow. 
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Time of Diluent® 


incubation 

(for reaction of 

virus and serum) 

Th Saline 


Overnight Borate saline 
solution pH 8-9, 
according to 
virus strain 

1h PBS pH 5.8 

' or 7.4 

30. min—1h CFT diluent 

30 min—1 h PBS pH 7.2 

30 min—1 h PBS pH 7.2 

1h Saline 

1h DGV 


Th HSAG 


*“ PBS = phosphate buffered saline, pH as indicated; for DGV and HSAG diluents see Methods. 


sals (1958). 












Treatment of serum 
to remove non- 
specific inhibitors | 
and agglutinins | 






Kaolin and red cells 


Kaolin pH 9 and 
red cells 


Kaolin. Animal sera 
have to be absorbed 
with red cells 


Heat, RDE” or 
trypsin/periodate 


Heat. Absorb with 
monkey red cells 
overnight at.4°C 


As influenza A 


Kaolin 
Kaolin 


Heparin MnCl, 


METHODS FOR HAEMAGGLUTINATION 
AND HAEMAGGLUTINATION-INHIBITION 


TESTS 





Apparatus (Sever 1962) 


1. Permanent lucite ‘U’ or 'V’ 
(rigid styrene) ‘U' plates. 





plates or disposable 


2. Microtitre droppers 0.025 ml. 


3. Microtitre diluters 0.025 mi. 
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Reagents 


1. Diluent — see Table 9.7 for details. Complement 
fixation test (CFT) diluent is suitable for influenza -as 
it contains Ca** and Mg** ions. See below for recipes 
for HSAG and DGV diluents. 

2. Viral antigen (haemagglutinin). 

3. Serum heated to 56°C for 30min and suitably 
treated to remove non-specific inhibitors (see below 
and Table 9.7). 

4. Red cells of the optimum species and concentra- 
tion (Table 9,7). 


Titration of virus (haemagglutinin) 


1. Place one drop of diluent in each of, say, 10 wells 
of the microtitre plate and in one more well to act as a 
cell control. 

2. Place one drop of virus in the first well, giving a 

1-in-2 dilution, and using a microdiluter prepare dou- 
bling dilutions of the virus, discarding the last 0.025 ml. 

3. Add one drop of diluent to each well used, in 
place of the serum which is added in the haemaggluti- 
nation-inhibition test (below). 

4. Add one drop of red cells to each well including 
the cell control. 

5. Incubate at the appropriate temperature (see 
Table 9.7) until the control ceils have settled to a 
discrete bution. 

6. Read the titre of the virus as the iKiuhen! dilution 
that gives compiete haemagglutination (1 haemaggluti- 
nating unit: HAV). 


Haemagglutination-inhibition test 


1. Place one drop (0.025 ml) of diluent in the 
second and each of the remaining, say, 10 wells for the 
serum dilutions and to a contro! well for each serum. 

2. Place one drop (0.025 ml) of serum dilution in 
the first and second well and in each serum control well. 
The starting dilution depends on the method used for 
pretreatment of the serum (see below). Also add one 
drop of diluent to each of four haemagglutinin control 
wells, and two drops to a single cell control well. 

3. Make doubling dilutions of the serum using a 
microdiluter loop or multi-channel pipette. Ensure that 
0.025 ml is discarded from the final well. 

4. Add one drop 4 HAU virus to each of the test 
wells and to one of the haemagglutinin control wells. 
Add 2, 1 and 0.5 HAU to the other three haemagglutinin 
control wells. 

5. Incubate to allow serum and virus to interact for 
1h at room temperature. 

6. Add 1 volume of red cells to all the wells. 

7. Incubate as when titrating the haemagglutinin. 
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8. Read the result, when the cell and serum controls 
are discrete buttons and the haemagglutinin titration 


_ Shows a diminishing amount of haemagglutination. The 


titre of the serum is the highest dilution that causes 


complete inhibition of haemagglutination. 


Removal of non-specific inhibitors and 
agglutinins from serum 


Heat 


Hold the sera at 56°C for 30min so that the Chu 
inhibitors are destroyed. 


Receptor destroying enzyme (RDE) 


RDE, obtainable from Sigma, removes the Francis 
or mucoid inhibitor. Mix four parts of RDE with one 
part serum. Incubate overnight at 37°C and follow by 
incubation for 1h at 56°C to destroy any remaining 
RDE. The serum has been diluted 1 in 5. This method 
depends on the potency of the RDE; if not purchased 
commercially, it needs to be standardized by titration 
against normal rabbit serum. 


Trypsin and periodate 


Trypsin and periodate will also remove the Francis 
inhibitor or mucoid inhibitors. 

Reagents. Trypsin 1:250 dissolved in 0.1 mol/litre 
phosphate buffer pH 8.2 at a concentration of 4 ug/mi; 
this solution should be clear and requires prolonged 
shaking. Potassium periodate, 0.011 mol/litre. 


Method 


1. Mix 1 volume serum and 1 volume trypsin. 

2. Place immediately for 30 min in a 56°C water-bath. 

3. Cool to room temperature. 

4. Add 3 volumes of 0.011 mol/litre potassium 
periodate. 

5. Incubate for at least 15 min. 

6. Add 3 volumes of 1% glycerol—saline solution. 
This gives a 1-in-8 dilution of the serum. 


Kaolin 


Kaolin is used for the removal of non-specific inhibitors 
for rubella HI tests. 

Reagents. Physiological saline (0.85% NaCl); 25% 
acid washed kaolin. 


Method 


1. Make 1-in-5 dilution of serum in saline. 
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2. Add an equal volume of washed kaolin; the serum 
is now diluted 1 in 10. 

3. Allow to stand 20 min at room temperature. 

4. Deposit the kaolin by centrifugation. 


Heparin manganous chloride 


Heparin MnCl, is used for absorbing non-specific 
inhibitors for rubella HI tests. 

Reagents. Sodium heparin — 5000 iu/ml; MnCl,.4H,0. 
Prepare 1 mol/litre MnCl, stock solution. 


Method 


1. Sterilize MnCl, stock solution by filtration through 
the millipore membrane, 0.22 tm pore size. 

2. Mix equal parts heparin and 1.0 mol/litre MnCl, 
solution. 

3. Store at 4°C (can be used for up to 2 weeks). 

4. Add 0.2mi serum to 0.3m! HSAG diluent (see 
below). 

5. Add 0.2 ml of Heparin-inCl, and mix gently. 

6. Hold for 15 min at 4°C. 

7. Add 0.4 mi of 50% red cells and shake gently to 
mix. 

8. Add 0.7 ml HSAG diluent to tube and mix gently. 

9. Centrifuge for 20 min at 4°C at 900 g. 

10. Recover supernate — final dilution of serum is 
1 in 8. 


Red blood cells 


Packed erythrocytes of the appropriate species can 
be used for the removal of agglutinins from serum, e.g. 
day-old chick cells for rubella tests. 


1. Add 0.1 ml packed cells to 1.0 ml of a 1-in-10 
dilution of serum. 

2. Incubate for 71 h at 4°C. 

3. Remove the red cells by centrifugation at 4°C. 

4. Test the serum for residual agglutinins at 37°C. 

5. If any remain repeat steps 1~4. 


HSAG diluent 


Solution A: HEPES saline (x5 concentrated 
solution) 


HEPES 29.89g 
NaCl 40.959 
CaCl,.2H.O0 0.749 
Distilled water to 1000 ml 


Dissolve in approximately 900 mi distilled water. Adjust 
the pH to 6.2 by the addition of 1 mol/litre NaOH. Add 
distilled water to 1000 ml. Sterilize by filtration through 
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a 0.22 um membrane and store at 4°C in convenient 
amounts. 


Solution B: Bovine serum albumin 
(x2 concentrated solution) 


20g 
1000 mi | 


Dissolve albumin: sterilize and store as above. 


Bovine albumin powder 
Distilied water to 


Solution C: Gelatin (x10 concentrated solution) 


0.025 g 
1000 mi 


Dissolve gelatin and sterilize by autoclaving for 15 min 
at 121°C. Store at 4°C in convenient amounts. 


Gelatin 
Distilled water to 


Method 


To make 1000 ml of complete HSAG diluent combine: 
200 ml of solution A 
500 mi of solution B 
100 ml of solution C 
200 mi of sterile distilled water 


At 25°C the pH of the HSAG diluent should be 6.2. It 
can be stored at 4°C for several months if kept sterile. 


Dextrose—gelatin—Veronal buffer (DGV) 


As used in the rubella haemagglutination-inhibition 
test. 


Solution A 
Veronal (barbitone, diethylbarbituric acid) 0.58 g 
Gelatin 0.60 g 


Dissolve Veronal and gelatin in 125 ml deionized water 
by gentle heating. 


Solution B 

Sodium Veronal (sod. barbitone, sod. 

barbiturate) 0.38 g 
Calcium chloride (anhydrous) 0.02 g 
Magnesium sulphate 0.12¢q 
Sodium chloride 8.59 
Dextrose 10.09 
Deionized water 875 ml 


Method 


Combine solution A with solution B. Sterilize by 
autoclaving at 115°C for 10 min (pH 7.3). 
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Nucleic acid techniques in diagnostic microbiology 


% R. J. Harris E. Gowans J. Lanser 


INTRODUCTION 


GENERAL MATERIALS AND METHODS 
Standard agarose gel electrophoresis 


| | SAMPLE PREPARATION 

isolation of organisms 
Extraction and purification of DNA from clinical 
specimens 

(a) Proteinase K method 

(b) Silica gel method 

(c) Extraction of nucleic acids from fixed tissue specimens 
Extraction and purification of RNA from clinical 
specimens and cDNA synthesis 

(a) Guanidine isothiocyanate extraction 

(b) RNAzoi extraction 

(c) Polyethylene glycol precipitation 

(d) Cationic surfactant precipitation 

(¢) Synthesis of cDNA by reverse transcriptase 
Extraction of nucleic acids from cultured organisms 

(a) Short DNA purification protocol 

(b) High molecular weight genomic DNA extraction 

from bacteria 
(c) Plasmid purification 
| 


DETECTION OF SPECIFIC NUCLEIC ACID 
SEQUENCES 
Preparation of DNA probes 
(a) From whole genomic DNA 
(b) From clones 
je (c) Chemical synthesis of oligodeoxynucleotide probes 
| (d) From PCR products 
Labelling of DNA probes 
(a) Nick translation 
(b) Random priming 
(c) Preparation of DIG-labelled probes 
(d) 5’-[°*P} phosphorylation 
Preparation of RNA probes 
(a) Enzymatic synthesis of RNA probes 
(b) Chemical synthesis of oligoribonucleotide probes 
Dot and slot blotting 
Detection of viral RNA by dot blot hybridization 
Southern transfer 
Two-way Southern transfer 
Hybridization of probes to membrane-bound nucleic 
acids 
Prehybridization 
Hybridization 
Yisual colorimetric detection of hybridized DIG- 
labelled probes 
| Stripping nylon filters for reprobing 
| (a) Decolourization with-dimethylformamide 


(b) Stripping probe from filter 


RESTRICTION FRAGMENT LENGTH 
POLYMORPHISM ANALYSIS 

Restriction digestion 

Preparation of cDNA probes for ribotyping 


PULSED-FIELD ELECTROPHORESIS 


IN-SITU HYBRIDIZATION , 

Detection of DNA and RNA in wax-embedded tissue 
Detection of DNA in frozen sections 

Detection of RNA in frozen sections 


AMPLIFICATION TECHNIQUES 

Nucleic acid amplification in vivo — culture 
enrichment 

Nucleic acid amplification in vitro — the polymerase 
chain reaction 


POLYMERASE CHAIN REACTION (PCR) 
Thermostable polymerases 
Thermal cyclers 
Chemical synthesis of oligodeoxynucleotide primers and 
probes, including chemical tagging 
Designing a PCR-based microbial detection assay 
Confirmation of pnmer and probe s€quences and storage 
of data 
Optimization of a PCR-based microbial! detection 
assay 
Improving PCR specificity by high-temperature 
commencement 
Confirmation of PCR product authenticity 
Increasing PCR detection sensitivity 
Examination of PCR assay specificity 
‘Standard’ PCR protocol 
Asymmetric PCR 
Quality control of PCR-based detection methods 
Internal PCR assay controls 
Sources of target nucleic acid contamination 
Amplicon containment 
Enzymatic inactivation of contaminating aimplicone 


OTHER IN-VITRO NUCLEIC ACID 
AMPLIFICATION PROCESSES 

Ligase chain reaction (LCR) 

Nucieic acid sequence-based amplification (NASBA) 
Strand displacement amplification (SDA) 


CURRENT APPLICATIONS IN VIROLOGY 
HBY DNA detection - HBV DNA dot blot 
Detection and identification of HBY pre-core 
mutants by PCR and dot blot hybridization 
HCY RNA detection by RT-PCR-hybridization 
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INTRODUCTION 


This chapter is intended to convey the principles 
of the major nucleic-acid-based microbial diagnostic 
technologies currently available (see Fig. 10.1). Sec- 
tions are highlighted with specific diagnostic appli- 
cations — for example, detection of hepatitis viral 
nucleic acids. As a help to the reader, many of the 
abbreviations used here are listed in Table 10.1. 


Workers interested in applying the methods given 7 


here are advised to refer to specialist manuals (c.g. 
Sambrook et al 1989, Persing et al 1993, Ausubel 
et al 1994) and obtain relevant literature from manu- 
facturers. In general, these are well documented and 
invaluable for establishing any of the new nucleic 
acid diagnostic technologies. 

As indicated in Chapter 4, the laboratory diagnosis 
of microbial infections (viral, bacterial, rickettsial, 
parasitic) may be effected via three major procedures: 
(1) isolation of the aetiological agent, (2) direct 
detection of an organism by microscopy, or by dem- 
onstration of its antigens or specific nucleotide se- 
quences, and (3) assay of the serological response 
of the patient to antigen(s) specific to the organism 
suspected to be present. These procedures are either 
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‘open-minded’, i.e. able to detect.a range of agents, 
or ‘specific’, i.e. able to detect only. ori¢ or a restricted 
range of related agsats when. “Specific — are 
viral culture methods or lector microscopy to find 
virus particles, and, of the latter, immunoassays to 
detect specific-antigen(s). Nucleic acid (NA) hybridi- 
zation methods used directly on patients’ specimens, 
or applications such as the characterization of bac- 
terial or viral genomes by identification of unique 
sequences or their restriction enzyme DNA fragment 
patterns, fall into the category of ‘specific’ proce- 
dures. The latter procedures are often considerably 
enhanced by amplification of microorganisms’ nucleic 
acids either by culture or via various in-vitro nucleic 
acid amplification procedures (notably the poly- 
merase chain reaction). 

Despite the enthusiasms of a decade ago it should 
be emphasized that nucleic acid probe techniques are 
not a ‘one test’ substitute for the established micro- 


biological diagnostic approaches outlined in Chapter. 


4. Without question they are powerful and highly 
specific methods, but the data generated have to 
be reconciled with that from conventional] culture 
and assay of serological responses if, for example, 
confusion between current infection and carriage of 


Potentially infected individual 


(sampling) 


tissue, blood, urine, respiratory secretion, etc. 


Microbe detection procedures 


ee Te 


Direct target nucleic acid detection 


yee 


In-situ nucleic acid = Nucleic acid purification 
detection | 







DNA, RNA 
(e.g. rRNA, viral RNA) 


Target detection by: 

1. Dot or slot blot hybridization 

2. Restriction fragment length 
polymorphism (RFLP) analysis 

3. Pulsed-field electrophoresis 


io 4 


Target nucleic acid amplification and detection 


In-vivo amplification —> In-vitro amplification 
(culture) 


1. PCR 
2. Other amplification methods, e.g. 
LCR’, NASBA, SDA, QBRDA 


Amplified target DNA* 


Amplified target detection by: 

1. Gel electrophoresis 

2. Dot or slot blot hybridization 

3. Southern procedure 

4. Solid phase capture and enzyme-ligand work-up 


* Product = DNA, except QBRDA gives RNA, and NASBA gives DNA and RNA. 


Fig. 10.1 Detection of microbial infections by nucleic acid technology. The flow diagram depicts the major nucleic-acid-based 


processes available for the detection of microbes. 
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avian iveloblasidsis virus 


AMV 0 
DDW double-distilled water 
dIMP 5’-deoxyinosine monophosphate 
dNTP deoxynucleoside triphosphates (A, C, G and T) 
cDNA complementary DNA (to an RNA beripeate) 
DIG digoxigenin — 
DNase Geoxydbonupleare 
DTT. dithiothreitol 
°GIT= 2). guanidine isothiocyanate 3 
ISHS in-situ hybridization © - 
ce] Uo. 5 ae ligase chain reaction 
MMLV- ~ Maloney murine leukaemia virus. 
NA nucleic acid = 
NASBA nucleic acid sequence-based srapliicaiion : 
NPA ———_s nasopharyngeal aspirate 
PBS .. phosphate-buffered saline 
PCR polymerase chain reaction 
QBRDA Q-beta replicase-dependent amplification 
RNasin ribonuclease inhibitor 
RNase ribonuclease 
RNase H ribonuclease H 
RT reverse transcriptase 
SPA solid-phase amplification 
ssDNA single-stranded DNA 
Ssc standard saline citrate - 150 mM NaCl, 
15 mM sodium citrate, pH 7.0 
SSPE saline sodium phosphate EDTA —- 150 mM 
NaCl, 200 mM sodium phosphate, 1 mM 
EDTA, pH 7.4 
TAE Tris acetate EDTA — 40 mM Tris-acetate, 
i mM EDTA, pH 8.0 
TBE Tris-borate EDTA — 80 mM Tris-borate, 2 mM 
EDTA, pH 8.0 
TE& Tris EDTA pH 8.0 — 10 mM Tris-HCl, 1 mM 
EDTA. pH 8.0 


= i a mS e_e- _— 


an organism from past infection is to be avoided (see, 
for example, Williamson et al 1992). Moreover, the 
same constraints which influence conventional] la- 
boratory procedures also affect the results of NA hy- 
bridization techniques. Thus (1) the correct sample 
must not only be taken, but taken at the correct 
time in the illness, (2) clinical and laboratory staff 
must cooperate to ensure that, in the light of a given 
provisional clinical diagnosis, probes from a pertinent 
range of infectious agents are chosen for testing, and 
(3) the sample should be collected and transported to 
the laboratory as quickly as possible using the most 
suitable conditions to protect the NA target. Body 
secretions and inflammatory exudates may contain 
potent nucleases which rapidly destroy the DNA or 
particularly the RNA of a prokaryotic cell or virus 
particle once the cell wall or membrane is breached 
by ummune reactions, antibiotic treatment, inappro- 
priate transport medium or other adverse conditions. 

Although NA probes for the direct detection of 


ig 
Law 


bacteria or viruses in clinical specimens have not 
always fulfilled initial expectations — partly because 
of the reasons just cited and partly because of the 
relative insensitivity of the direct methods (c. 10‘ 
organisms is often the lower limit of sensitivity) — it is 
now realized that a combination of an initial amplifi- 
cation of the organism in the clinical specimen by 
short-term conventional culture followed by detec- 
tion and speciation by NA hybridization, may be 
both highly specific and reasonably rapid (see Nucleic 
acid amplification in vivo — culture enrichment, and also 
Detection of specific nucleic acid sequences later in this 
chapter). 

In general terms, detection of pathogenic organ- 
isms by nucleic acid probe technology is likely to 
be most useful when applied to those which are (1) 
difficult or costly to culture, (2) slow-growing, (3) 
present in low concentration in clinical or environ- 
mental samples, or (4) hazardous to propagate in the 
laboratory. Of particular relevance in this context, 
especially for (3), are the new in-vitro nucleic acid 
amplification techniques, of which the polymerase 
chain reaction (PCR) is the most important. 


In-vitro amplification of nucleic acids to facilitate 
detection of microbes 


Bacteria or viruses can be detected by methods based 
on in-vitro amplification of selected sequences of 
their constituent nucleic acids, either in DNA, or 
those in RNA, after copying this into cDNA with 
reverse transcriptase. The methods include the 
polymerase chain reaction (PCR, Fig. 10.4) (Saiki 
et al 1988), ligase chain reaction (LCR, Fig. 10.6) 
(Landegren et al 1988, Barany 1991), nucleic acid 
sequence-based amplification (NASBA, Fig. 10.7) 
(Guatelli et al 1990), strand displacement amphi- . 
fication (SDA, Fig. 10.8) (Walker et al 1992) and Q 
beta replicase-dependent amplification (QBRDA) 
(Lizardi et al 1988). The simplest and most widely 
laboratory-tested of the in-vitro amplification methods 
is PCR — an inspired invention of Kary Mullis and 
the patented property of Hoffmann La Roche Inc. In 
PCR small unique stretches of microbial nucleic 
acids are amplified via the cyclic use of the two spe- 
cific DNA primers delimiting the stretch to be copied 
and a DNA polymerase to give a sufficiently large 
number of copies of the target nucleic acid molecules 
(product or amplicons) to allow simple and rapid 
detection, either as fragments of a predicted size 
when run on a gel, or by hybridization with a labelled 
probe directed against a sequence between the 
primers. PCR-amplification-based assays are avail- 
able for many different infectious diseases caused 
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by viruses, mycoplasmas, bacteria and other micro- 
organisms (Persing et al 1993). Some specific exam- 
ples include viral hepatitis (viruses B, C and delta), 
acquired immune deficiency syndrome (human im- 
munodeficiency virus — HIV) and cancer of the cervix 
(papilloma viruses), respiratory infection (respiratory 
syncytial virus), atypical pneumonia (Mycoplasma 
pneumoniae) and Legionnaires’ disease (Legionella 
spp). However, prior to PCR, RNA targets (e.g. 
hepatitis virus C and delta virus) must be converted 
to DNA by reverse transcriptase (see Fig. 10.2). 

Furthermore, in addition to simple detection of 
specific nucleic acids of the microorganism, it is 
also possible to determine (a) whether the patient 
is infectious to others, e.g. whether hepatitis B virus 
DNA is present in a chronic hepatitis B carrier in 
addition to HBsAg, (b) whether infection results 
from wild-type or mutant viruses, e.g. as in the analy- 
sis of the pre-core gene mutants of hepatitis B virus 
(see Current applications in virology below), and (c) the 
genotype of the organism, either by sequencing an 
amplified fragment generated by PCR or, in those 
instances where speciation depends on sequence dif- 
ferences in ribosomal RNA, by restnction fragment 
length polymorphism analysis (RFLP). 

However, these in-vitro amplification-based de- 
tection methods are prone to serious problems. The 
most serious of these is the frequent occurrence of 
false positives due to contamination of laboratory 


RNA: DNA hybrid 
5' 


cDNA 
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equipment, reagents and ultimately all tests, with 
amplicons originating from previous amplifications. 
This problem has a high probabthty of occurrence if 
rigorous procedures for amplicon containment and/ 
or destruction are not strictly followed. Enzymatic, 
chemical and UV-mediated methods are available for 
the destruction of contaminating amplicons present 
within new PCR assays (see Enzymatic mactivation 
of contaminating amplicons below). ‘This is of the 
utmost importance. Many leading laboratories have 
suffered the disrupuon (and humiliation!) of persist- 
ent PCR amplicon contamination. Indeed, the prob- 
lem has led some workers to discard PCR entirely. 
However, with careful technique the problem can be 
minimized or eliminated, but the procedures are 
exacting, expensive and labour-intensive. The need 
to provide separate segregated areas and equipment 
for different stages of the PCR assay has substantial 
implications for laboratory budgets and logistics 
when these techniques are to be used on a routine as 
distinct from a research basis. Decisions about this 
aspect transcend any conceptual or methodological 
difficulties with the assays as such, 

It is highly likely that some emerging nucleic- 
acid-based technologies and trends will simplify test 
formats, including contaminant containment. These 
are discussed below and in Future directions at the end 
of this chapter. 

We now outline methods for the preparation of 


| Synthesis of cCONA 
| with reverse transcriptase 


a 


PCR components added 
Second strand cDNA synthesized 
(RNA strand degraded during PCR) 


[ERE ic 
ee ee a ae er 


PCR 
amplify 


Amplified product 


Fig. 10.2 RANA reverse transcriptase PCR process. PCA amplification of an 
RNA target requires the prior synthesis of a complementary DNA copy by 
reverse transcriptase. This is then amplified by PCR. 
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samples and for the detection of specific nucleic acid 
sequences in clinical samples. There are two main 
approaches. The first (dot blot or slot blot) is to 
anchor the target NA as a spot on a solid support such 
as a nitrocellulose or nylon membrane (Fig. 10.3). 
The ‘target’ may be either in the clinical sample as 


Denatured target DNA + 


_ such, or in the suspected pathogen isolated from it; 


in either instance, the sample is treated to lyse the 
organisms and to expose and denature the NA to 
permit probe access and hybridization. Alternatively, 
the NA may be extracted, semipurified, and spotted 
on to the support. The test area is then treated with a 


Nylon membrane 














Blotting 
Single-stranded 
immobilized 
target DNA 
ee Radioactive or chemicaily 
Probing (hybridization) tagged probe, e.g.DIG-probe 
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; Probe detection 1 Antibodypig — alkaline phosphate 





Probe detection 2 X—P (bromo-chloro-indolyl-phosphate) 


(colour development) NBT (nitro blue tetrazolium) 


Blue spot if target present 
White spot if target absent 





Fig.10.3  Dot/Slot—blot hybridization. Detection of a target nucleic acid is depicted with 
colorimetric visualization via a process consisting of adsorption of the denatured target to a 
membrane, hybridization of a digoxigenin-(DIG)-labelled probe and colorimetric detection 
of the bound probe. The latter involves the sequential addition of alkaline phosphatase- 
labelled anti-DIG antibody followed by substrate (bromo-chioro-indolyl phosphate) together 
with nitro blue tetrazolium which collectively give rise to a blue spot or slot, if the target is 
present at an adequate level (approximately 10* molecules or greater). 
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preparation of NA (the probe) with a sequence 
complementary to the target, labelled with a radio- 
isotope such as **P or '*I (or a non-radioactive 
label), Binding of the probe is then detected by 
autoradiography with the membrane and X-ray film, 
or by cutting out the spot and counting the dis- 
integrations; both methods may be combined. Alter- 
natively, the probes may be tagged with non-isotopic 
labels such as biotin which, when bound to a target, 
is detected by streptavidin linked to horseradish per- 
oxidase, or alternatively a digoxigenin (DIG) label 
may be detected by horseradish peroxidase antibody 
conjugate. These systems are often less sensitive 
than radioisotope-labelled probes, at least outside the 
laboratory of origin, but are rapidly gaining accept- 
ance. A further variant of the approach is in-situ 
cytohybridization, in which DNA or RNA inside 
tissue sections or cultured cells is detected with *H-, 
125T_ or *§-labelled probes. The degree of binding 
and cellular localization are assessed by autoradio- 
graphy (or by scanning). 

Again, RNA or DNA extracted from bacteria, 
viruses, tissues or cultured cells, and restricted, may 
be separated on the basis of fragment or molecular 
size on agarose or polyacrylamide gels and trans- 
ferred to nitrocellulose or nylon membranes which 
are then probed; binding is detected by autoradio- 
graphy or scintillation counting (Northern- and 
Southern-blot hybridization — see Southern transfer 
below), Probes for these purposes may be generated 
by cloning the desired sequences in plasmids or other 
vectors (see the excellent manuals of Sambrook et al 
1989 and Ausubel et al 1994), amplifying the chosen 
sequence by PCR, or by constructing a short NA 
probe by chemical synthesis. 

The principles and detailed methods for these 
procedures are now described systematically. As the 
information is derived from a wide range of different 
technical approaches it was considered unwise to 
make a complete separation between principle, 
general description and method as elsewhere in this 
book. Instead principle and method are considered 
in each of the broad categories. 


GENERAL MATERIALS AND METHODS 


Most materials are specified in the appropriate s¢c- 
tion below. However, in general, most reagents are 
of analytical reagent (AR) or molecular biology grade 
and are readily available. Water is purified by filtra- 
tion, deionization and double distillation or by filtra- 
tion and reverse osmosis. Unless otherwise specified, 
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materials given as %o are w/v (e.g. 2% NaOH = 
22/100 ml). ‘Centrifugation’ or ‘spin’ indicates 
10 000 g at room temperature for 5 min in a micro- 
fuge (e.g. Eppendorf). Phenol, freshly distilled or of 
molecular biology grade, is stored frozen; prior to 
use, it is equilibrated with water or buffer and stored 
at 4°C for no more than 1 month. Deoxynucleoside 
triphosphates (€4NTPs) and NTPs are either pur- 
chased in solution at pH 7.0 (Promega, Pharmacia) 
or are prepared from solids, neutralized with 1M 
NaOH to pH 7.0 and stored at —-20°C. Organic sol- 
vents should be kept in an organic solvent cupboard. 
For abbreviations see Table 10.1. 


Standard agarose gel electrophoresis 


Agarose 14g is added to 100 ml TAE in a bottle, 
with or without a cap loosely fitted, and melted in a 
microwave oven for 2 x 2 min on high setting. Using 
non-porous gloves to avoid scalding (arising from 
sudden boiling of the agarose out of the bottle) the 
bottle is gently swirled manually and inspected for 
residual undissolved agarose. Heating is continued 
until all the agarose has dissolved. High-percentage 
agarose solutions take longer to dissolve and may 
need replacement of water lost by evaporation (add 
hot water). Allow the agarose solution to cool to 
50-60°C (5 ul of a 10 mg/m! solution of ethidium 
bromide may be added at this stage), mix by swirling 
and pour into a UV-transparent commercial mould 
(or more economically into a microtitre tray lid). Add 
a well-forming comb which has been previously ad- 
justed to a clearance of about 0.2 mm above the surface 
of the mould (i.e. Whatman filter paper thickness). 
After about 10 min the gel will have solidified and the 
comb can be removed and the gel is ready for use. 

The gel is placed in the tank and covered (5 mm) 
with TAE. The gel should be located to allow for 
the migration of DNA which is towards the positive 
pole (DNA is negatively charged due to phosphoryl 
groups) and samples containing 1x DNA loading 
buffer (10x stock DNA loading buffer = 15% Ficoll 
400, 0.25% bromophenol blue) are loaded with an 
air-displacement pipette, e.g. Gilson Pipetman. 

High- and low-molecular-weight DNA markers 
are added to adjacent lanes. These may be prepared 
or obtained commercially. 

Gel percentages in relation to size of DNA frag- 
ments to be analyzed are 1% agarose, 20 000—500 bp; 
3% agarose, 500-100 bp. Following electrophor- 
esis, gels are stained for 30 min in 0.5 ttg/ml ethidium 
bromide (if gel did not contain ethidium bromide), 
examined using a UV transilluminator and photo- 
graphed using Polaroid film or other means. 
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SAMPLE PREPARATION 


Principle. The procedure adopted for sample 
preparation prior to detection by direct hybridization 
or PCR will vary depending on: 


1. the concentration of target organisms in the 
specimen, 

2. the inhibitors present in the specimen, 

3. the physical properties of the specimen. 


isolation of organisms 


Specimens containing many target organisms with- 
out inhibitors present generally require less prepara- 
tion than those with few organisms. For example, in 
the early 1980s, enterotoxigenic Escherichia coh were 
detected in diarrhoeal faeces simply by spotting the 
faeces on to a filter, lysing the bacteria, and denatur- 
ing the DNA im situ, then hybridizing this with a 
probe homologous to one of the toxin genes. This 
method is very insensitive but it was successful be- 
cause faeces from symptomatic patients contain large 
numbers of the causative organism. Asymptomatic 
carriage of the organism may not be detected by 
such a method, neither would the presence of low 
numbers of pathogens in food samples. The method 
is useful, however, when examining broth cultures 
or colonies on agar. 

Specimens with very few bacteria or viruses will 
generally require a short pre-hybridization enrich- 
ment by culture in broth or cell culture for optimum 
sensitivity of detection. Amplification by PCR 1s a 
rapid, though more expensive alternative but may 
be required for fastidious and/or highly pathogenic 
agents. 

Sample preparation is dependent on the physical 
properties of the specimen. For example, sputum is 
very mucoid and may require liquefaction with a 
mucolytic agent, such as Sputolysin (Behring) or one 
of the other proprietary brands of mucolytic agents, 
prior to extraction of organisms or DNA. Sputum is 
treated with an equal volume of Sputolysin diluted 
according to the manufacturer’s directions and incu- 
bated at 35°C for 10 min or at room temperature 
for 30 min. An equal volume of saline is then added, 
the suspension is mixed by a vortex and is then cen- 
trifuged at 3000 g for 30 min to pellet the bacteria. 

Alternatively the sputum may be processed by the 
standard technique for decontaminating specimens 
prior to culture for mycobacteria. In this method, 
an equal volume of Sputolysin‘NaOH (0.5% N- 
acetylcysteine in 2% NaOH and 1.45% sodium 
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citrate) is added to the sputum. The suspension Is. 
mixed by vortex and incubated at room temperature 
for 30 min. The specimen is then adjusted to pH 8 
with 3% phosphoric acid and the organisms are 
collected by centrifugation at 13 000 g for 10 min 
in a microfuge or, for larger volumes at lower speeds, 
for 30 min in a bench centrifuge. The pellet is then 
washed with water. This method may be necessary 
for concentrating bacteria such as mycobacteria 
which do not pellet as quickly as some other bacteria 
because of the properties of their cell walls and lipid 
coat. 


Extraction and purification of DNA from 
clinical specimens 


(a) Proteinase K method 


To lyse resistant bacteria such as mycobacteria, 
coxiellas or legionellas the pellet (prepare as given 
above) is resuspended in lysis buffer (10 mM Tris- 
HCl pH 8.3, 50 mM KCl, 2.5mM MgCh, 0.45% v/v 
Nonidet P40, 0.45% v/v Tween 20) with 200 pg/ml 
proteinase K, then incubated at 56°C for 1h. 
Proteinase K is then inactivated by boiling for 
15 min. 


(b) Silica gel method (Skakni et al 1992) 


Clinical specimen 100 il (e.g. bronchoalveolar lava- 
ges, NPA or other) is incubated for 10 min at room 
temperature with 40 il of silica particles suspended 
in 900 ul of lysis buffer (1 M guanidine isothio- 
cyanate, 0.1 M Tris-HCl pH 6.4, 36mM EDTA, 
1% Triton X 100). The DNA silica complex 1s col- 
lected by centrifugation (12 000 g for 1 min at room 
temperature) and the pellet washed twice with 1 M 
guanidine isothiocyanate-0.1 M Tris-HCl pH 6.4, 
twice with 70% ethanol and once with acetone 
(collect by centrifugation after each addition) and 
air-dried (lids open). The pellets are suspended in 
100 1 of water (DNA silica complex dissociates), 
heated at 56°C for 10 min and the silica removed 
by centrifugation (12 000 g for 2 min). The DNA- 
containing supernatant is stored until used (briefly 
at 4°C or long term at —20°C or lower). 


(c) Extraction of nucleic acids from fixed tissue 
specimens 


On occasion it is advantageous to examine archival 
fixed and processed tissues for infective agents. The 
isolated nucleic acids may be analyzed directly by 
the Southern procedure or, preferably, after PCR 
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amplification (see Nucleic acid amplification in vitro — 


the polymerase chain reaction (PCR) below). 

Principle. After removal of paraffin wax or plastic 
(e.g. hydroxyethyimethacrylate) by solvent éxtrac- 
tion, embedded material can be digested with pro- 
teinase K in the presence of detergent at moderate 
temperature for a few hours to yield DNA and RNA 
suitable for sequence analysis — particularly when 
amplified to detectable levels by PCR. Additional 
organic extractions may be necessary to remove PCR 
inhibitors. Such simple extractions have facilitated 
retrospective diagnosis of mycoplasma and _ viral 
infections; however, prolonged digestion may be 
necessary in some cases. For example, microorganisms 
with substantial cell walls may require additional 
processing, although the combination of tissue fixa- 
tion, time and proteinase K digestion may be ade- 
quate. Suitable positive and negative controls should 
be included, first to reduce the possibility of false 
negatives arising as a result of inadequate extraction 
of microbial nucleic acids and, second, to monitor 
for false positives due to contamination. 

A large variety of protocols is available for extrac- 
uon and purification of nucleic acids from fixed 
and paraffin- or plastic-embedded archival material 
(Grunewald et al 1990). The method described 
(essentially that of Wnght & Manos 1990) is reason- 
ably rapid, requiring little labour and yielding RNA 
and DNA suitable for PCR amplification. Even tis- 
sues over 10 years old can yield RNA (Jackson et al 
1989) and DNA (Impraim et al 1987). Primers 
are designed and spaced to define short targets of 
approximately 100 bp as the extracted nucleic acids 
are often highly aegraded. 

The procedure is as follows: 


1 (a). For histological shdes, cover-slips are removed 
by immersion of the slide in boiling water for a few 
seconds and Canada balsam is removed by washing 
in xylene for 15 min. Using a new razor blade for 
each specimen, scrape cells/tissue into an Eppendorf 
microcentrifuge tube containing 1 ml of xylene or 
octane, 


or 


1 (b). For paraffin- or plastic-embedded blocks, cut 
thin sections with a razor blade (fresh blade for 
each specimen) to give 1—2 mg of tissue, which is 
added to the xylene or octane, as above. 

2. Mix at room temperature for 10 min and collect 
the tissue by centrifugation; with a plugged Pasteur 
pipette, carefully remove and discard the supernatant. 

3. Repeat the xylene extraction. 

4. Remove residual xylene by addition of 1 ml 
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ethanol; mix by inversion and proceed as for step 2, 
and repeat ethanol extraction. 

5. Similarly, remove residual ethanol with 1! ml 
acetone. see 

6. Dry the samples at 37—50°C, with lids open. 
The acetone drying step may offer less opportunity 
for contamination than traditional vacuum drying. 


Proteinase digestion 


7. Add 100 yl digestion buffer, 50 mM Tris-HCl 
pH 8.5, 1mM EDTA, 0.5% (v/v) Tween 20, 
200 pg/ml proteinase K. 

8. Incubate at 55~60°C for 3h, or alternatively 
at 37°C overnight. Longer digestions, up to 5 days, 
may be required, with daily replenishment of 
proteinase K. : 7h 

9. Inactive proteinase K at 95°C for 10 min (the 
detergent is essential for complete proteinase K 
inactivation). Uninactivated proteinase may degrade 
the DNA polymerase during the PCR amplification 
step. 

10. Remove debris by centrifugation. 

11. A small aliquot, 1-10 pl, of the supernatant 
(or preferably two aliquots, 1 and 10 Ul) is used 
directiy for PCR of DNA or after conversion of RNA 
to single-stranded cDNA by reverse transcriptase 
action. Forty PCR cycles are generally used. How- 
ever, on occasion, samples do not amplify because 
of the presence of PCR inhibitors. These can often 
be removed by organic extraction (see phenol extrac- 
tion, below). An internal contro] PCR target can be 
incorporated to assess the competence of assays to 
support PCR (see below and see Internal PCR assay 
controls). 


Removal of PCR tnhibttors 


12. Extract (twice) with an equal volume of 
phenol (equilibrated pH 8.0):chloroform:isoamy] 
alcohol, 25:24:1 (v/v/v) by mixing by manual inver- 
sion for 5 min; separate phases by centrifugation and 
recover the upper aqueous phase. 

13. Repeat step 12 using chloroform. 

14. Precipitate nucleic acids from the collected 
aqueous phases using 0.1 vol 3M sodium acetate 
pH 5.0 and 2 vol absolute ethanol, precooled to 
—20°C (carrier, glycogen | ug/ml, Boehringer, can be 
added). 

15. The nucleic acids can be collected imme- 
diately by centrifugation at 10 000 g for 20 min. 

16. ‘The ethanol is removed and the pellet again 
collected after washing with 0.5 ml cold 70% 
ethanol. 

17. The pellet is dned according to steps 5 and 6. 

18. Resuspend RNA- and DNA-containing pellet 
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in 100 ul of TE8 and use an aliquot 1—10 ul (or 
preferably 1 yl and 10 I) for PCR amplification (see 
Nucleic acid amplification in vitro — the polymerase chain 
reaction (PCR) below). 

19, The use of internal controls is recommended 
to monitor the PCR competence of all individual 
PCR tests (see Internal PCR assay controls below). 


Note: 


(i) The utmost care must be taken to avoid 
contamination. Disposable gloves should be worn 
throughout the procedure. Do not touch the lip of 
the sample tube or the inside surface of the lid. 

(ii) We have found, on occasion, that 3-5 days’ 
digestion is essential to obtain nucleic acid specimens 
suitable for amplification. 


Extraction and purification of RNA from 
clinical specimens and cDNA synthesis 


Unlike the rapid convenient methods for preparing 
DNA (e.g. NaOH treatment), there are no analogous 
procedures for the preparation of RNA from clinical 
samples. Furthermore, due to the highly labile nature 
of RNA, and because most clinical samples are likely 
to contain high levels of RNase, the preparation 
of RNA is technically demanding. In our hands, the 
guanidine extraction method of Chomczynski & 
Sacchi (1987) is most useful but a number of adap- 
tations are equally suitable. 


(a) Guanidine isothiocyanate (GIT) extraction 


Principle. The GIT method relies on the highly 
effective tissue solubilization and concomitant pro- 
tein denaturation action of guanidine isothiocyanate. 
Mercaptoethanol facilitates enzyme inactivation 
(RNase is of particular relevance here) by reducing 
cysteine cross-links in proteins. Organic extraction 
removes denatured proteins and RNA is selectively 
precipitated by isopropanol. The procedure is as 
follows: 


1. To 100 ul of sample, e.g. nasopharyngeal aspi- 
rate (NPA) or serum, add 600 ul of GIT buffer (4 M 
guanidine isothiocyanate, 25mM _ sodium citrate 
pH 7.0, 0.5% sarkosyl, 0.1 M 2-mercaptoethanol). 

2. Mix and incubate at room temperature for 
5 min. Add sequentially, with mixing after each 
addition, 80 pul of 3M sodium acetate pH 5.0, 
600 pl of H,O-saturated phenol, and 1201 of 
chloroform:isoamy! alcohol (49:1, v/v). 

3. Store on ice for 5 min, then spin for 5 min in a 
microfuge. 


4, Remove the supernatant, add 20 pig of tRNA 
or glycogen as carrier, precipitate by the addition of 
1 vol isopropanol, and hold at —-20°C overnight. 

5. Centrifuge, wash the pellet three times in cold 
70% ethanol. 

6. Dry the pellet and redissolve in 20 np] DDW. 


(b) RNAzol extraction 


The above GIT procedure works well but is some- 
what inconvenient, An equivalent to GIT buffer 
may be purchased in the form of a single reagent 
(e.g. RNAzol B, Bresatec) which is simply mixed 
with the sample prior to ethanol precipitation. 


(c) Polyethylene glycol precipitation 


Principle. Polyethylene glycol induces, in sequence, 
molecular crowding, aggregation and precipitation 
of high-molecular-weight biological materials, ¢.g. 
viruses, and thus allows their isolation and partial 
purification from complex mixtures. 

In some samples, e.g. NPA, faecal extracts, the 
volume required may be too large to handle con- 
veniently in Eppendorf tubes, around which most 
nucleic acid protocols are designed. In this case, 
it is mecessary to concentrate the sample by direct 
centrifugation, by immunoprecipitation, or by pre- 
cipitation with polyethylene glycol (PEG). 


1. To 1 ml of sample (this and the PEG volume 
may be scaled up if necessary), add 500 ul of 30% 
PEG 6000 and incubate on ice for 60 min. 

2. Centrifuge in a microfuge for 10 min. 

3. Resuspend pellet in 500y) GIT buffer or 
RNAzol and treat as described above. 


(d) Cationic surfactani precipitation 


Principle. A novel cationic surfactant (Catrimox- 
14, Macfarlane & Dahle 1993) which has recently 
become available, facilitates the isolation of RNA 
from whole blood and may also be useful for the iso- 
lation of RNA from other clinical samples. Whole 
blood contains inhibitors of PCR; these are neutral- 
ized by the cationic surfactant. The reagent can be 
mixed with the blood at the time of sampling to 
ensure the efficient recovery of high-quality RNA. 
The Catrimox-14-precipitated RNA can then be 
recovered and treated with GIT as described above. 

RNA prepared by any of the above methods will be 
suitable for analysis by dot-, slot- or Northern-blot 
hybridization, or for the synthesis of single-stranded 
complementary DNA (cDNA) by reverse transcriptase 
prior to amplification by PCR. 
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(e) Synthesis of complementary DNA by 
reverse transcriptase 


Principle. When RNA is to be detected it is often 
convenient or essential to copy it to give cDNA (see 
Fig. 10.2)’ which can be detected by hybridization 
or PCR. In the presence of a suitable primer, RNA 
can be copied by reverse transcriptase to give one 
strand of a cDNA product in the form of an RNA- 
cDNA hybrid. In common with other DNA poly- 
merase molecules, reverse transcriptase is able to 
extend only a double-stranded molecule containing 
a single-stranded 5’ extension, i.e. it requires a tem- 
plate and a bound primer with a 3’ end which can 
be extended to give a complementary DNA copy of 
the template. Thus, to synthesize cDNA it is neces- 
sary to anneal a suitable complementary primer(s) 
to the RNA. It is possible to use either random or 
specific primers. There is also a choice of reverse 
transcriptase (RT): RT derived from avian myelo- 
blastosis virus (AMV) or Moloney murine leukaemia 
virus (MMLV) or, more recently, thermostable DNA 
polymerases which have RT activity (e.g. Tth DNA 
polymerase) and which are available from a number 
of biotechnology companies. Unfortunately these 
latter enzymes have the reputation of being relatively 
inefficient due to the difficulty of finding a set of 
conditions which suit both DNA polymerase and RT 
activities. We prefer to use a recombinant form of 
MMLV-RT (Gibco BRL) which has no RNase H 


activity, and which is consequently more efficient: 


in CDNA synthesis. 

Add 1 yl of DDW, 4 ul of 5x RT buffer (Gibco 
BRL), 2 yl of 0.1 M DTT, 1 pl of 10mM dNTP, 
| jl of anti-sense primer (20 pmol), 1 ul of MMLV- 
RT (50 U) (Gibco BRL), and 10 pl of RNA (previ- 
ously denatured at 94°C for 3 min). Incubate at 
37°C for 40 min, then at 94°C for 10 min to denature 
the RT. 


Extraction of nucleic acids from cultured 
organisms 


(a) Short DNA purification protocol (after 
Pitcher et al 1989) 


1, Harvest bacterial cells into a 1.5m! micro- 
centrifuge tube and pellet by centrifugation for 2 min 
(10 000 g max.). The pellet size should be berween 
25 and 50 ul. For other pellet sizes the volumes of 
reagents employed should be scaled proportionately. 

2. Resuspend the cells by vortexing in 100 pl 
of lysozyme (2 mg/ml in sterile distilled water). 
Incubate at room temperature for 10 min for Gram- 
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negative bacteria (except Legionella, 15 min) or for 
30 min for Gram-positive bacteria. 

3. Optional step. Pronase or proteinase K can be 
added, to a final concentration of 1 mg/ml, e.g. if 
there is c, 200 1] of solution from step 2, then add 
20 4] of 10 mg/ml pronase. Incubate at 37°C for 
at least 30 min. This extra step gives an improved 
DNA yield for Legionella spp. 

4. Lyse the cells by the addition of a solution 
containing 5M guanidine thiocyanate and 0.1 M 
EDTA pH 7.0 (200-300 pt! depending on size of 


onginal pellet) with gentle pipetting. Clearing of . 


the solution should occur rapidly upon mixing but 
the lysate solution often remains slightly cloudy and 
this is not resolved by prolonging the guanidine 
thiocyanate treatment. However, the yield of DNA is 
usually satisfactory. 

5. Add 7.5M ammonium acetate (150 pI) and 
chloroform:isoamy] alcohol, 24:1 v/v (450 pl) and 


- emulsify by vigorous shaking for 30 seconds. Separate 


the phases by centrifugation in a microfuge (2 min, 
10 000 g max.), remove the aqueous (top) phase 
and place in another centrifuge tube. Alternatively, 
use 1 vol of phenol:chloroform (1:1 v/v) in place of 
ammonium acetate and chloroform:isoamy] alcohol. 

6. Precipitate the high-molecular-weight DNA 
in the aqueous phase by addition of 0.54 vol of 
propan-2-ol and mix by inversion. The DNA, which 
forms a dense stringy precipitate within a few seconds 
of mixing, should be separated from the liquid phase 
immediately with a pipette tip and placed in 1 ml of 
80% ethanol. ‘The DNA should not be collected by 
centrifugation for two reasons: 


(i) Centrifugation results in the formation of a 
compacted pellet which is difficult to redissolve; 

(1) A cloudy precipitate (probably mainly RNA 
and protein) forms in some preparations and this is 
collected with the DNA if centrifugation is used. 


7. Wash the DNA twice in 80% ethanol (I ml), 
briefly dry under vacuum and dissolve in 100 pl 
TES8. Place in 56°C water-bath for at least 30 min. 
If the DNA has not dissolved, add more TE8. Meas- 
ure the DNA concentration spectrophotometrically 
(a 1.mg/ml] solution of double-stranded DNA gives 
an absorbance of 20 absorbance units at 260 nm). 

8. After measuring DNA concentration, dilute it 
to approximately 500 ug/ml. 


(b) High molecular weight genomic DNA 
extraction method from bacteria (after 
Manning et al 1986) 


‘This method will yield up to 4 ml DNA at a concen- 
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tration of approximately 250 jig/ml. ‘The gentle mix- 
ing steps and lack of precipitation minimize shearing. 
The resultant DNA is ideal for RFLP. 


‘1. Harvest bacterial cells from one or two culture 
plates (depending on amount of growth) by emul- 
sifying each plate culture in 2 ml of DDW. Collect 
into 10 ml screw-top centrifuge tubes (polypropylene) 
and make up volume to 8 ml. Mix by vortexing. 

2. Pellet the cells by low-speed centrifugation 
at 3000 g for 25 min and wash in 8 ml TES 60mM 


_ Tris-HCl pH 8, 5mM EDTA, 50 mM NaCl). 


As the pellet is often difficult to resuspend, vortex 
first in a small volume of TES before making up to 
8 ml. 

3, Centrifuge as before. The next step will vary 
depending on the species of bacterium: 


(i) If the organism is Staphylococcus aureus, 
resuspend the pellet in 2 ml of TES buffer and add 
lysostaphin to give a final concentration of 30 jig/ml 
(prepare a stock solution of 600 1g/ml lysostaphin 
in 0.25 M EDTA and add 0.1 ml to each tube). 
Gently agitate at 37°C for 1 h. 

(ii) For other bacteria, resuspend the pellet in 2 ml 
sucrose-Tris (25% sucrose, 50 mM Tris-HCl pH 8) 
and add 1 ml lysozyme stock solution (10 mg/ml in 
0.25 M EDTA, pH 8, freshly prepared) to each tube. 
Leave on ice for.1 h. 


4. Add 750 pl of TE8, 250 pl lysis solunon and 
40 mg of solid pronase to each tube and incubate 
in 56°C water-bath for 2h (lysis solution is 5% w/v 
Sarkosyl, 50 mM Tris-HCl pH 8, 62.5 mM EDTA). 

5. Perform one phenol extraction with gentle 
mixing; ensure that the phases are well mixed prior to 
centrifugation at 3000 g for 15 min (keep top layer). 
If the DNA is too concentrated the phases may not 
separate well. If this happens, add up to 1 ml DDW. 

6. Perform one phenol:chloroform:isoamyl alco- 
hol (25:24:1, v/v/v) extraction with gentle mixing. 
Separate phases by centrifugation at 3000 ¢ for 
15 min (Keep top layer). 

7, Perform a chloroform:isoamyl alcohol (24:1, v/v) 
extraction with gentle mixing. Separate phases by 
centrifugation at 3000 g for 15 min (keep top layer). 

8. Dialyse overnight against ‘TES. 

9. Transfer to sterile polycarbonate tube and 
measure concentration spectrophotometrically. Con- 
centrate if necessary with iso-butano] and store at 
4°C. 


(c) Plasmid purification 


Plasmid analysis has become a useful means of trac- 


ing the spread of organisms such as enterobacteria 
and staphylococci responsible for outbreaks of dis- 
ease. Numerous protocols have been published; they 
can be broadly divided into those methods which 
employ alkali to lyse the cells and those which use 
a non-ionic detergent such as triton. Most methods 
can be scaled up or down depending on the amount 
of plasmid required. If the plasmid is to be used in 
cloning, sequencing or as a probe in hybridization 
it should be finally purified by centrifugation on a 
caesium chloride gradient or by rapid column purifi- 
cation methods (e.g. Qiagen). Below are methods 
for one large-scale and two small-scale preparations. 

For vector-based cloning, the excellent laboratory 
manuals of Sambrook et al (1989) and Ausubel et al 
(1994) are highly recommended. 


= 


Large-scale procedure: the three-step alkali 
lysis method 


1. Inoculate | litre of nutrient broth with a fresh 
100 ml culture and grow, with shaking, overnight at 
37°C (with addition of appropriate antibiotic if it 
is a recombinant plasmid with a resistance gene). 
If the plasmid is amplifiable, grow to an Agoo nm 
of 0.6 and add chloramphenicol 200 jig/ml (final 
concentration) and continue incubation overmight. 

2. Harvest the cells by centrifugation at 6000 g at 
4°C for 15 mun. 

3. Resuspend cells in 24 ml solution 1 (50 mM 
glucose, 25 mM Tris-HC!] pH 8.0, 10 mM EDTA) 
containing freshly prepared lysozyme 20 mg/ml and 
incubate at room temperature for 10 min. 

4. Add 55 ml of solution 2 (0.2 M NaOH, 1% wiv 
SDS) with gentle swirling and immediately place in 
an ice-water slurry for 5 min. This will lyse the cells 
and denature the chromosomal DNA. 

5. Rapidly add 28 ml of solution 3 (3 M potas- 
sium acetate, 2 M acetic acid, pH 4.8), swirl briefly 
and leave on ice for an additional 15 min. This will 
precipitate protein, chromosomal DNA and high- 
molecular-weight RNA. Centrifuge at 5000 g for 
30 min to pellet the insoluble materials. 

6, Transfer the supernatant to a 500 ml centrifuge 
tube, add an equal volume of phenol:chloroform:isoamy! 
alcohol (25:24:1, v/v/v) and shake vigorously to 
extract residual protein. Spin at 3000 g at 20°C for 
7 min; transfer the aqueous (top) phase to a sterile 
ultracentrifuge tube and precipitate DNA by adding 
a 0.6 volume of isopropyl alcohol, vortexing vigorously 
and leaving at room temperature for 10 min. 

7, Pellet DNA by centrifuging at 18 000 g at 4°C 
for 30 min. Pour off supernatant. 

8. Wash pellet with 10 ml of 70% ethanol, spin at 
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18 000 g at 4°C for 30 min, decant supernatant and 
dry pellet briefly under vacuum. Redissolve pellet in 
1.25 ml TES. 

9. Purify the plasmid DNA in a two-step caesium 
chloride gradient (Garger et al 1983). Two centrifuge 
tubes are first filled 2/3 full with a premade CsCl] 


solution (d = 1.47g/ml, refractive index (ri) = 





1.3700). Solid CsCl is added to the DNA solution, 
held in a separate tube, until its volume is equal to 
1/3 of that in the centrifuge tubes (at this point the 
concentration of CsCl should be 1.8 g/ml, ri = 
1.4080); ethidium bromide ts then added to final 
concentration of approximately 25 ig/ml (keep in 
dark — exposure to light causes ethidium bromide 
to nick DNA). The DNA-caesium chloride-ethidium 
bromide mixture is then introduced under the lower 
density mixture in the centrifuge tubes and completed 
gradient is centrifuged. Centrifugation conditions 
will vary depending on the size of the tubes and the 
centrifuge available. As a guide a Beckman 80 Ti 
rotor would be set at 65 000 rpm at 20°C for 5 h and 
a Beckman benchtop Opuma TLX& with a TLA 100.3 
rotor would be set at 86 000 rpm at 25°C for 3 h. 
10. Remove lower plasmid band with a syringe, 
leaving the upper band containing nicked and linear 
plasmid and chromosomal DNA; remove the 
ethidium bromide by 2-3 extractions with isoamyl 
alcohol and dialyse DNA against ‘TE8 overnight. 


Small-scale procedure: method 1 (a scaled- 
down version of the large-scale preparation) 


1. Centrifuge 1.5 ml of overnight bacterial broth 
cultures at 11 000 g for 45 seconds. 

2. Resuspend pellet in 0.1 ml of solution 1. 

3. Lyse cells by adding 0.2 m! of solution 2 and 
leave on ice for 5 min. 

4. Add 0.15 m! solution 3 and leave on ice for a 
further 5 min. 

5. Pellet aggregated contaminants by centrifuging 
at 11 000 g for 90 seconds. 

6. Transfer the supernatant to a fresh tube and 
extract once with [’E8-equilibrated phenol; collect 
the aqueous phase. 

7. Precipitate plasmid DNA by adding 2 vol of 100% 
ethanol and leaving at room temperature for 10 min. 

8. Pellet the precipitate by centrifugation at 11 000 ¢g 
for 15 min, wash with 70% (v/v) ethanol, dry under 
vacuum and redissolve in 30 yl TE8. 


Small-scale procedure: method 2 (suitable for 
large plasmids) 


1. Centnfuge 0.5 ml from an overnight broth 
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culture in a microcentrifuge at 11 000 g for 3 min; 
pour off supernatant, and resuspend pellet in 0.1 ml 
freshly prepared lysis solution (1.2% Tris pH 12.5, 
3.3% SDS) and incubate at 65°C for | h. 
2. Vortex the solution briefly and extract with 0.1 ml 
phenol:chloroform:isoamyl] alcohol (25:24:1, v/v/v). 
3, Collect the aqueous phase and check 10 ul for 


plasmid content by agarose gel electrophoresis. 
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DETECTION OF SPECIFIC NUCLEIC. 
ACID SEQUENCES 


Principle. Nucleic acid sequences may be detected 
by hybridization of probes carrying tags to facilitate 
their detection when hybridized to a target nucleic 
acid. The hybridization reaction may be carried out 
in a test tube with the target nucleic acid free in solu- 
tion or, more commonly, the target may be fixed to a 
solid support such as a nylon or nitrocellulose filter. 
Preparation of nucleic acid prior to hybridization 
or gene amplification is discussed above (see Sample 
preparation above). Details of probe preparation, 
hybridization and detection of bound probe are 
discussed below. 


Preparation of DNA probes 


Nucleic acid probes carrying detectable labels (e.g. 
Pp, *P) or chemical tags (e.g. biotin, DIG) are 
very widely used for the detection of complementary 
target microbial nucleic acid sequences. Methods for 
the preparation of a large variety of probes are readily 
available. 


(a) From whole genomic DNA 


Genomic DNA may be purified, labelled and used as 
probes. These are generally used in relative binding 
ratio experiments for speciation and measurement 
of relatedness of bacteria. 


(b) From clones 


These are often part of in-house diagnostic systems 
and are often unsuitable for general screening be- 
cause sequences in the vector not infrequently 
hybridize with non-target sequences in bacteria. This 
is a particular problem with systems involving the 
Enterobacteriaceae as many of the vectors are de- 
rived from plasmids and phages found in this family 
of bacteria. If the vector 1s likely to cross-react, the 
specific probe sequence should be excised by restric- 
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tion digests and carefully purified by agarose gel 
electrophoresis. 


(c) Chemical synthesis of ONGC OTE 
probes 


See Chemical synthesis of oligodeoxynucleotide primers 
and probes, including chemical tagging below. 


(d) From PCR products 


If the target sequence is known, DNA probes may 
be constructed simply by designing primers flanking 
the required sequence and using PCR to amplify 
the probe fragment. This probe may be radio- or 
chemically-labelled prior to use; for example, radio- 
labelled or DIG-labelled deoxynucleotides may be 
incorporated into probes during PCR. 


Labelling of DNA probes 


(a) Nick translation (after Sambrook et al 1989) 


Principle. DNA containing nicks (conveniently 
introduced via traces of pancreatic DNase) can 
be labelled with radioisotopes or chemical tags 
by the action of DNA polymerase I and suitable 
deoxynucleoside triphosphates (e.g. a[°*P]dATP, 
DIG-dUTP, etc.). The polymerase binds to nicks, 
and the 5’,3’-exonuclease section of the polymerase 
degrades the nicked unlabelled DNA ahead of the 
polymerase section, leaving a partially sing!e-stranded 
template which is copied by the incorporation of 
complementary deoxynucleotides. 


1. To a sterile Eppendorf tube add 50u1Ci of 
o[??7P]dATP (SA > 3000 Ci/mmol), lyophilized if the 
solution contains ethanol; 2.5 yl 10x nick-translation 
buffer (0.5 M Tris-HC] pH 7.5, 0.1M MgsQO,, 
1 mM dithiothreitol, 500 pg/ml! Sigma bovine serum 
albumin fraction V); 21 each of 10mM dCTP, 
10 mM dGTP and 10 mM TTP; and water to 21 ul. 

2. Mix, then add 1 pl of the DNA to be labelled 
(0.5 ug), 2.51 pancreatic DNase I (10 ng/ml in 
nick translation buffer containing 50% glycerol — in 
which the enzyme can be stored at —20°C) and 0.5 ul 
(2.5 units) Escherichia coli DNA polymerase I. 

3. Centrifuge the tube briefly and mix briefly by 
gently tapping the tube. 

4. Incubate at 16°C for 60 min. 

5. Stop the reaction by addition of 1lpl of 
0.5 M EDTA (pH 8.0) and purify the radiolabelled 
DNA by chromatography through a small column of 
Sephadex G50 as described below. 


6. Plug a sterile Pasteur pipette with sterile glass 
wool and fill with pre-swollen Sephadex G50 to 
within 1 cm of the top. Wash the column with 10 ml 
of TEN (10 mM Tris-HCl, 1 mM EDTA, 100 mM 
NaCl, pH 8), and with the column behind a perspex 
screen (to reduce exposure to radioactivity) apply 
the DNA sample and one 100 pl washing to the top 
of the Sephadex. (Do not let the column dry out — a 
rubber hose and clamp fitted to the bottom of the 
column is convenient.) While continually applying 
TEN, collect 200 ul fractions. 

7. The -radioactivity in these can be estimated 
with a mini-monitor or by Cerenkov counting in a 
scintillation counter. The radioactive DNA is ex- 
cluded from the Sephadex beads and passes straight 
through (first peak). The trailing peak is due to 
unincorporated [°*P] nucleotides. 

8. The radiolabelled DNA fractions are pooled 
and used for probing or are stored at —20°C until 
required (but probes over 2 weeks old are generally 
not used because of radiation-induced degradation 
and reduction of radioactivity). 


(b) Random priming (after Sambrook et al 
1989) 


Single-stranded DNA can be very conveniently 
labelled by the hybridization of short oligodeoxy- 
nucleotide primers (typically chemically synthesized 
hexamers of all possible sequences) followed by their 
extension with a DNA polymerase lacking any 5’,3’- 
exonuclease activity (e.g. the Klenow fragment of 
DNA polymerase I) in the presence of suitable 
deoxynucleoside triphosphates (e.g. a[°*P]dATP, 
DIG-dUTP). 


1. Denature the DNA to be labelled (200-400 ng 
in 5 tl of TE8), at 95°C for 10 min, chill on ice and 
collect by a brief centrifugation. 

2. To a second Eppendorf tube containing 50- 
100 Ci of aqueous or dried o[**P]GATP add 1 ul 
10x oligolabelling buffer (20mM DTT, 900 mM 
HEPES, pH 6.6 (with NaOH), 100mM MgCl), 
0.5 pl each of 10 mM dCTP, 10 mM dGTP, 10 mM 
TTP; add water to 6.5 ul then 2.5 pl of denatured 
DNA and 1 pl (5 units) of the Klenow fragment of 
E. coli DNA polymerase I. 

3, Briefly centrifuge to collect all the solutions at 
the bottom of the tube and mix by gently tapping. 

4. Incubate at 20—-22°C for 3 h to allow incorpora- 
tion. Unincorporated a[?*P]dATP may be removed 
from the probe as described above for Nick transla- 
tion. Alternatively, if incorporation is >80% the 
probe can be used without purification. The degree 
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of incorporation can be determined by analysing 
a small aliquot of the reaction by Sephadex G50 
chromatography. 


(c) Preparation of DiG-labelled probes 


Boehringer have developed several methods for 
incorporating digoxigenin-labelled dUTP or UTP 
(DIG-(d)UTP) into nucleic acids optimized for 
different fragment sizes of RNA and DNA. The 
company has issued a very useful handbook called 
The DIG system user’s guide for filter hybridization, 
which details these methods. Here we reproduce the 
standard method for random-primed DNA labelling 
with DIG-dUTP for DNA of 100-10 000 bp. 


1. Ifthe DNA is not linear, digest with a restriction 
enzyme to produce < 10 kb sized fragments. 

2. Add reagents to a microfuge tube (on ice) in the 
following order: DNA template (variable) 3 1] 10 ng 
(final conc. 0.5-150 jig/ml); 2 pl hexanucleotide 
mixture x10; 2 up] dNTP mixture x10; H,O to 19 pl; 
1 np] Klenow enzyme. 

Note: The DNA template should be _ heat- 
denatured at 95°C for 10min and immediately 
chilled on dry ice/ethanol for 30 seconds before 
use. 

3. Incubate the reaction at 37°C for at least 60 min 
(or it may be left overnight for increased yield). 

4. Add 21 0.2M EDTA pH 8.0 to terminate 
the reaction. 

5. Precipitate the DNA with 2.5p1 4M LiCl 
and 2.5—3.0 vol of chilled ethanol. Mix well and 
incubate at —70°C for 30 min. Centrifuge at 13 000 g 
for 15 min in a microcentrifuge, then decant the 
supernatant. 

6. Wash the pellet with 1001 chilled 70% 
ethanol. Centrifuge at 13000g for 5 min in a 
microcentrifuge, then decant the 70% ethanol. 

7. Briefly dry the pellet and redissolve in 50 jl of 
TES. Store the probe at —20°C if it is not to be used 
immediately. 

8. Heat-denature both DIG-labelled and radio- 
actively labelled probes at 95°C for 5 min. Collect 
condensation by brief centrifugation. Add to 10 ml of 
hybridization fluid. Use immediately or store frozen 
at —20°C. 


(d) 5’-[°*P] phosphorylation (after Sambrook et 
al 1989) 

Oligonucleotide probes (RNA or ssDNA) can be 

5’-radiolabelled with T, polynucleotide kinase and 

yP°SJATP or y[2PJATP. 
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1. Add oligonucleotide 100-500 ng, 10x poly- 
nucleotide kinase buffer 2ul (0.5M ‘Tris-HCl 
pH 7.6, 0.1 M MgCl., 50 mM dithiothreitol, 1 mM 
spermidine HCl, 1 mM EDTA pH 8.0), and 50- 
100 uC, yf*P]JATP (SA 3000-4000 Ci/mmole). 
Bring the volume to 19 ul with water, mix, then 
add 1 yl polynucleotide kinase (5-20 units) and 
incubate at 37°C for 30 min, then at 65°C for 5 min 
to inactivate the kinase. 

2. The phosphorylated oligonucleotide can be 
separated by a variety of methods, including repeated 
ethanol precipitation, polyacrylamide gel electro- 
phoresis, chromatography on Sephadex G50 or 
DEAE cellulose (DE 52, Whatman). We prefer the 
DEAE cellulose-based method. 

3. Prepare a DEAE cellulose column, 2cm in 
height, in a heat-sterilized, glass-wool-plugged Pas- 


teur pipette and equilibrate with TE8& (3 ml). Apply. 


the reaction mixture previously diluted to 0.5 ml 
with TE8. | 

4. Wash the column with 3m! TE8 then 3 ml 
0.2 M NaCl. Elute 5’-?P] phosphoryl oligonucleo- 
tide with aliquots of 0.5m! 0.6M NaCl in TE8. 
Store at —20°C or use immediately. 


Note: Incorporation may approach 90-100%; in 


such cases we do not purify the labelled oligonucleo- 


tide and we use it directly. 


Preparation of RNA probes 


(a) Enzymatic synthesis of RNA probes 


Although the use of RNA probes is technically more 
demanding, the advantages outweigh the disadvan- 
tages. The use of RNA probes has increased sub- 
stantially in recent years, following the description 
of a convenient method for RNA probe synthesis 
(Cox et al 1984, Melton et al 1984). The major ad- 
vantages include increased sensitivity and the ability 
to synthesize strand-specific probes. 

A prerequisite for the synthesis of RNA probes 
is the insertion of cloned DNA into a plasmid vector 
which contains promoter sites for RNA poly- 
merase. Typically, PGEM (Promega) or pBluescript 
(Stratagene) vectors which contain promoters for 
SP6/T7 and T3/T7 RNA polymerases respectively 
are in common use. The probes may be labelled with 
2p, 33p, 35g, !*°], FITC or digoxigenin. The follow- 
ing protocol is designed for preparation of **P- 
labelled probes, but the a[**P]UTP may be substi- 
tuted with equimolar concentrations of the other 
tracers. 


1. Linearize the plasmid containing the desired 
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insert by restriction enzyme digestion at a single site, 
within the multiple cloning region, at the end of the 
insert which is not adjacent to the relevant RNA 
polymerase promoter. Confirm that the digestions 
are complete by gel electrophoresis; then purify the 
linearized plasmid by phenol extraction followed by 
ethanol precipitation, and then redissolve the DNA 
in TE8 to a final concentration of 1 pg/|tl. 

2. Radiolabelled RNA probe synthesis. Add 4! 
of 5x transcription reaction buffer (see Promega 
product leaflet), 2pl of 100mM DTT, 0.5 pl of 
RNasin 40 U/l (Promega), 1.0 pl each of 10 mM 
ATP, GTP, and CTP, 2.4 ul of 100 uM UTP, 5.0 pl 
of a[*P]UTP (3000 Ci/mmole; Amersham), 1.0 ul 
of linearized DNA template | pg/l, 1.5 ul of T7-, 
T3-, or SP6-RNA polymerase (20-30 units) and 
make the volume to 20 pil with DDW. 

3. Vortex ‘gently, then incubate at 37°C for 
75 min. 

4. Add 1 unit of RQT DNase (Promega); incubate 
at 37°C for 15 min. 

5. Precipitate the probe by the addition of 1/10 
volume of 5 M sodium acetate buffer pH 5.2, and 1 
volume of isopropanol, and leave at —20°C overnight. 

6. Pellet and wash the probe three times with 70% 
ethanol to remove unincorporated nucleotides. Dis- 
solve the dried pellet in 20 np! TE8 and freeze until 
use. 

7. Heat-denature, etc., as described for DIG- 
labelled probes above. 


(b) Chemical synthesis of oligoribonucleotide 
probes 


It is now possible to synthesize RNA probes using 
ribonucleoside phosphoramidites — see Chemical 
synthesis of oligodeoxynucleotide primers and probes, 
including chemical tagging below. 


Dot and slot blotting 


Nucleic acids which are present in clinical samples 
in reasonable numbers (e.g. 10*—-10° molecules/ml) 
can be readily and specifically detected by blotting 
and fixing to a flexible support (membrane) for sub- 
sequent hybridization of a complementary probe. 
Nucleic acids are conveniently fixed to membranes 
(nitrocellulose and nylon) by application as dots 
or preferably slots using a blotting apparatus (Bio- 
Rad) which sandwiches the membrane and allows a 
vacuum to be applied to the underside while speci- 
men nucleic acids are applied through a plastic 
template containing an array of dots or slots, Follow- 
ing fixing to the membrane by baking or UV irra- 


re 


diation, the nucleic acids can be detected by probe 
hybridization. 

1. To 50 4] PCR reactions add 50 pl 1 M NaOH 
plus 10 ul 10 M ammonium acetate. 

2. Load on to membrane (Zeta Probe, Bio-Rad, or 
Hybond N*, Amersham) previously soaked in 1M 
ammonium acetate, with vacuum off, and allow to 
filter through (c. 40 min). Apply 100 ul 3% gelatin 
to empty wells to slow filtration. 

3, Apply vacuum for | min. 

4. Add 100 ui denaturing solution (1.5 M NaCl, 
0.5 M NaOH) to test wells with vacuum off. Leave 
for 5 min then apply vacuum. 

5. Add 1001 neutralization solution (1.5M 
NaCl, 0.5 .M Tris-HCl pH 7.2, 0.001 M EDTA) 
and leave 1 min, then apply vacuum. 

6. Wash wells twice with 100 ul of 1 M ammonmm 
acetate. 

7. Fix nucleic acids to the membrane using: 

(i) optimal X-linking setting on Stratalinker, or 

(ii) 80°C for 2 h in vacuum oven. 


The membrane is then ready for probe hybridization. 


Detection of viral RNA by dot blot hybridization 


If high sensitivity is not paramount, it 1s possible 
to detect viral RNA by dot blot hybridization. This 
is likely to be suitable if clinical samples contain 
high levels of virus or after culture ennchment. 


1. To 100 ul of sample, add 100 tl of 2% SDS, 
mix well and heat to 100°C for 5 min. 

2. Cool rapidly, then add 200 pl of 20x SSC 
and filter slowly under slight vacuum through either 
Zeta Probe or Hybond N* membranes (previously 
wetted in DDW then soaked in 20x SSC) in a dot 
blot apparatus (Bio-Rad). 


Southern transfer 


Principle. Specific restriction enzyme fragments 
can be visualized following separation via agarose 
or polyacrylamide gel electrophoresis, by transfer on 
to a membrane, then hybridization of a probe and 
finally detection of the bound probe and DNA target 
(by autoradiography or colorimetrically/visually). 


1. Stain gel in ethidium bromide for approxi- 
mately 10 min, then destain in DDW for 5—10 min. 
For improved handling, cut the gel as small as possi- 
ble while viewing the DNA bands under UV; take 
note of dimensions and photograph. 

2. Soak gel in 0.25 M HCI (12.5 ml conc, HC] in 
500 ml DDW) for 7.5-10 min (not longer) until dye 
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changes colour, 1.e. yellow/green if bromophenol 
blue 1s used as an electrophoretic tracking indicator. 

3. Rinse ge! in DDW briefly to remove excess acid. 

4, Denature DNA by immersion for 2x 15 min 
with shaking in 500 ml denaturing solution (1.5M 
NaCl, 0.5 M NaOH). 

5. Rinse briefly in DDW. 

6. Neutralize by immersion for 2 x 15 min with 
shaking in 500 ml neutralizing solution (1.5 M NaCl, 
0.5 M Tris-HCl pH 7.4). 

7. Set up overnight transfer (NB — see Sambrook 
et al 1989), 

8. During the above steps, cut the following to 
match the exact size of gel: 


(a) one piece of Hybond N* nylon filter, 
(b) two pieces of Whatman blotting paper, 
(c) .a pile of paper towel at least 5 cm thick, 
(d) a wick the same size as the tank. 


9. Soak wick in 10x SSC (transfer buffer). 

10. Float nylon filter in 10x SSC, 

11, Place gel on tank (on top of wick), place 
pre-wetted filter on top of gel, remove any bubbles 
by rolling a glass pipette across the. surface, then 
add the two pre-wetted Whatman blotting papers 
removing air bubbles as described above, followed by 
the pile of paper towels and a heavy book. Fill tank 


with transfer buffer. Seal the tray with clear plastic 


film if leaving over the weekend. 

12. Leave the stack at least overnight. 

13. Remove the filter paper and mark the nylon 
with a permanent marking pen to note which side 
the DNA is located. 

14. Soak filter in 5x SSC for 5-10 min, dry and 
fix for 2 min under a UV light with the DNA side 
down (the transilluminator glass is initially covered 
with clear plastic film to avoid UV-induced etching), 
Wrap the filter in clear plastic film and place in 
the refrigerator until required for the hybridization 
process. 


Two-way Southern transfer 


Principle. DNA fragments separated by agarose 
or polyacrylamide gel electrophoresis are transferred 
on to two membranes, which sandwich the gel, 
thereby generating two filters from a single gel. 


1. Stain, and then wash gels in the usual way as 
for a unidirectional Southern transfer (see previous 
method). 

2. Set up for two-way transfer as follows. For each 
ge] cut to the same size as the gel: 


(a) two pieces of nylon (Hybond N’*), 
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(b) six pieces of 3MM Whatman paper, 
(c¢) two stacks of absorbent paper (each 8 cm 


high). 


3. Place stack of absorbent paper in bottom of 
tray. Wet the top layer slightly with 10x SSC and 
smooth out any bubbles. 

4, Sequentially layer on three pieces of pre-wetted 
3MM Whatman paper, rolling out any bubbles 
between each layer. 

5. Place first piece of nylon on top (charged side 
up, that is, the curved side) and roll out any bubbles. 

6. Place gel face up on top of nylon and smooth 
out any bubbles. 

7. Place next layer of nylon on top, charged side 
(curved side) face down (opposite to the first layer), 
and roll out bubbles. 

8. Gradually place on the three remaining pieces 
of pre-wetted Whatman paper, rolling out any 
bubbles between each layer. 

9. Wet two or three pieces of towelling, and place 
on top of the Whatman layer, then layer on remaining 
dry stack. 

10. Place a weight on top. 

11. Leave overnight. The following morning treat 
as for Southern transfer. Note: One filter will read 
left-to-right, the other filter will read right-to-left. 


Hybridization of probes to membrane- 
bound nucleic acids 


Principle. The optimum temperature for nucleic 
acid hybridization occurs at 25°C below T,,, the 
temperature at which the DNA is 50% melted. T,, 
depends on the length of the probe, the number of 
mismatches, the sodium molar concentration [Na’‘], 
and the G+C content of the target sequence and 
the percentage of formamide. A 1% increase in the 
number of mismatched base pairs decreases the T,, 
of the duplex by 1°C. Formamide is often included 
in the hybridization mix at 50% concentration to 
lower the temperature of hybridization to a con- 
venient value (1% formamide decreases the T,, by 
approximately 0.7°C; thus, 50% formamide lowers 
the T,, by 32°C). An approximation of the T,,, can 
be calculated as follows. 


T, of oligodeoxynucleotide hybrids of 30-70 
base pairs 

T,, = 16.6 log [Na‘] + 0.41[%G+C] + 81.5 —-% of 
mismatches — 675/probe length (in nucleotides) — 
0.65 [% formamide] (Davis et al 1986). 
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T,, of RNA:RNA hybrids 


T.,, = 18.5 log [Na’] + 0.584[%G+C] + 0.0012 
[%oG+CF + 79.8 — 0.35[% formamide]. 


Hybridization fluid 


The hybridization fluid generally contains (1) a salt/ 
buffer solution, either SSC or SSPE, and (2) block- 
ing agents, either skim milk (‘blotto’) or Denhardt’s 
solution (Ficoll, polyvinylpyrrolidone and BSA) 
plus salmon sperm DNA, SDS and 50% deionized 
formamide. Other agents, such as dextran sulphate, 
can be added to accelerate the hybridization reaction. 
The stringency of the annealing (hybridization) 
reaction will depend on the salt concentration and 
the temperature of incubation. The rate of the 
reaction is greater for smaller probes. When using 
oligoprobes the hybridization incubation requires 
less than 1h and the duplex is less thermostable. 
Longer probes are usually hybndized overnight. 


Prehybnidization 

Filters are prehybridized in hybridization fluid con- 
taining a variety of blocking materials (e.g. protein, 
ssDNA) without probe for 30 min or longer to block 
any non-specific nucleic acid binding sites on the 
filter. When handling the fluid, wear gloves as the 
fluid may contain formamide. This solution ts stored 
at —20°C. It is important to keep fingers off filters 
to avoid unwanted staining. 


Hybridization 


1. Decant prehybridization fluid and add 10 ml 
hybridization fluid containing the denatured labelled 
probe to the filter. If this has been stored frozen, 
denature the probe by heating at 68°C for 30 min 
prior to use. Incubate overnight at the required tem- 
perature (at 42°C if hybmndization fluid contains 
50% formamide). After hybridization the fluid is 
decanted. Nore: Used DIG-probe in hybmdization 
fluid can be frozen at —20°C and re-used until the 
probe is significantly depleted as indicated by weak- 
ening of probe-detecting colour reactions. Between 
uses the fluid is stored at —20°C. Melt at 68°C for 
30 min prior to each use. 

2. Wash filter two times with shaking in 500 ml 
of 2x SSC + 0.1% SDS at room temperature for 
10 min. Add SDS to c. 900ml DDW, as it will 
otherwise precipitate into white aggregates, then 
make up to | litre with 20x SSC. 

3. Wash two times with shaking in 500 ml of 1x 


SSC + 0.1% SDS (prewarmed to 68°C) for 20 min, 
or wash in 1 litre of 1x SSC at 68°C for 45 min. 

4. The filter cam be used directly to detect 
hybridized probe or air-dried and wrapped in clear 
plastic film for later detection. 


Visual colorimetric detection of 
hybridized DiG-labelled probes 


Materials and methods 


Reagents. 10x Buffer ] = 100mM Tris-HCl pH 7.5, 
150 mM NaCl; Buffer 2 = 5% skim milk in Buffer 1; 
Buffer 3 = 100mM Tris pH 9.5, 100mM NaCl, 
50 mM MgCl. 


Colour substrate. For one filter add 90] nitroblue 
tetrazolium, 70 ul 5-bromo-4-chloro-3-indolylphos- 
phate, 20 ml] Buffer 3. 

All incubations, except colour detection, should be 
done at room temperature with shaking. Glassware 
is used for all buffer washes in the following steps. 


1. Wash filter with Buffer 1, to cover filter (DNA 
side down in the glass dish) to depth of 0.5 cm, for 
1 min. 

2. Incubate for 90 min with 100 ml Buffer 2 with 
a lid on. 

3. Rinse briefly in Buffer 1. 

4. Dilute DIG-—alkaline phosphatase conjugate 
(Boehringer) 1:5000, i.e. 41/20 ml Buffer 1, and 
incubate with filter for 30 min. 

5. Wash twice with Buffer 1 for 15 min (removes 
unbound conjugate). 

6. Wash with Buffer 3 for 2 min to equilibrate 
membrane to pH 9.5. 

7. Incubate filter, DNA side down, with 20 ml of 
freshly prepared colour substrate, without shaking, 
in a dark cupboard. 

8. Stop the reaction, when desired, by washing in 
TES for 5 min. 

9. Dry the filter at room temperature and store 
or seal in a plastic bag with TES. 


Stripping nyion filters for reprobing 

(a) Decolourization with dimethyliormamide 
(DMF) 

Note: Work in a fume hood. 


1. Place an empty glass dish in a pan containing 
water and heat to about 55°C (do not exceed 60°C as 
DMEF is explosive). 

2. Place filter in glass dish and cover with c. 1 cm 
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of DMF. Note: Keep organic solvents in a safety 
cabinet. 

3. Incubate until the filter is decolourized (this 
may take 1hormore). — 

4, It may be necessary to replace or add extra 
DMF if the filter is very coloured. 

5. Remove the filter and dry on Whatman filter 
paper. 

6. Wash filter.in distilled-water for 5 min. 


(b) Stripping probe from filter 


1. Heat c. 1 litre of 0.1x SSC + 1% w/v SDS 
solution until just boiling, then pour on to filter in a 
large plastic box. 

2. Agitate using a shaker (at low speed) until 
SSC/SDS solution has cooled. 

.3, The filter can then be prehybridized after 


blotting dry. 


Alternative (1) 

1, Rinse in DDW. 

2. Incubate in 0.2 M NaOH, 0.1% SDS at 37°C 
for 30 min. 

3. Rinse in 2x SSC. 


Alternative (11) 
Wash filters as follows: 


1. ‘Two times in 12 m! solution containing 1 mg/ml 
proteinase K and 0.2% SDS at 68°C for 30 min in a 
sealed plastic bag. 

2. Two times in 2x SSC, 0.1% SDS for 5 min. 

3. Two times in 50% formamide and 10mM 
NaPQO,, pH 6.5, at 68°C for 30 min. 

4. Briefly in 2x SSC. 


General comments 

1. The filter must be sealed damp in 2x SSC after 
stripping, or prehybridized at once. Do not let it dry. 

2. Buffers for stripping must be prewarmed to 
appropriate temperature. 

3. Use a rotating water-bath or hybridization 
incubator if possible. 
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RESTRICTION FRAGMENT LENGTH — 
POLYMORPHISM (RFLP) ANALYSIS 


‘There are several molecular biological methods that 
may be used to characterize organisms. One of these 
is restriction fragment length polymorphism (RFLP) 
analysis which is based on the detection of base pair 
changes at restriction sites arising through mutations, 
including gene re-assortment. Whole genomic, plas- 
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mid or PCR-generated DNA may be analysed by 
RFLP. In each case the target DNA is digested with 
restriction enzymes, the resulting fragments are 
separated by agarose or polyacrylamide gel electro- 
phoresis, and DNA fragment patterns from different 
organisms are compared. Restriction fragments de- 
rived from plasmid or PCR-generated DNA may 
be analysed directly from ethidium-bromide-stained 
gels. However, to analyse specific regions of the 
genome the DNA fragments may be transferred by 
Southern transfer to a nylon or cellullose filter sup- 
port and hybridized with a probe made from the 
sequence being investigated. The RFLP may be 
cither of known function or chosen at random from 
a genomic bank and shown to provide the degree 
of differentiation required within a population. 

The rRNA genes are often used to characterize 
bacteria by RFLP because they possess sequences 
which are conserved throughout the prokaryotes, 
and other regions which are variable at sub-species 
level (Grimont & Grimont 1986). Therefore, the 
conserved fragment of the rRNA from any organism 
will hybridize with the corresponding conserved 
region in all other organisms. The variable regions 
flanking them will provide the degree of differentia- 
tion. The probe ts readily made and labelled either 
with a radiolabel or DIG by reverse transcriptase 


from commercially available 16S and 23S E. coli’ 


rRNA as described above. The rRNA RFLP analysis 
is referred to as ribotyping. 

The following methods are required for RFLP 
analysis: a DNA purification (see above Extraction 
of nucleic acids from cultured organisms, (a) and (b)) 
restriction digestion and Southern hybridization. 


Restriction digestion 


Principle. Large DNA molecules are specifically 
restricted to give DNA fragments of useful size 
(20 000-200 bp) which can be readily separated 
electrophoretically and visualized directly or indi- 
rectly (e.g. by the Southern hybndization procedure). 
Extracted DNA is digested with specific restriction 
enzymes. 

The concentration of restriction enzyme required 
in the digest will vary from batch to batch. Appro- 
ximately 1-2 units of restriction enzyme per ug of 
DNA are used. For a 20 ul digestion add 2 pl appro- 
priate 10x restriction buffer, | 1] restriction enzyme, 
c. 10 un) DNA (10-20 pg of DNA is required for a 
Southern hybridization) and DDW to 20 ul. Then 
incubate at 37°C until digestion is complete. This 
may take 2—4 h or overnight. Digestions are checked 
for complete digestion by analysis of c. 10 ul of the 
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digests on a 0.8% agarose gel for 2h at 60-80 mA 
(see Standard agarose gel electrophoresis above). 

If digestion is complete, run a large gel overnight. 
Include at least one molecular weight marker, e.g. 
EcoRI + Hind ill-digested lambda DNA. A large gel 
can be run at 30-40 mA overnight or 80-90 mA for 
5-6 h. | 

When the gel has been photographed, the DNA 
fragments may be transferred by the Southern proce- 
dure for hybridization with the appropriate probe. 


Preparation of cDNA probes for 
ribotyping 

rRNA may be radiolabelled by end-labelling using 
T4 polynucleotide kinase (see protocol for Labeiling 
of DNA probes, 5’-[**P] phosphorylation, above) or 
transcribed to cDNA using reverse transcriptase 
(AMV-RT or MMLYV-RT) and labelled with DIG 
(Boehringer) by the following protocol. All reagents 
are available from Boehringer and should be used 
according to their recommendations, 


1. To prepare sufficient cDNA probes for 10 m] 
hybridization fluid, add 2! 10x hexanucleotide 
primers, 2 ul 10x reaction buffer, 0.25 pl rRNA 
(4 ug), 12.75 pl distilled water and mix. 

2. Heat at 68°C for 5 min, then cool slowly to 
room temperature and add 24] 10x dNTPs in- 
cluding DIG-dUTP (see Boehringer product leaflet), 
3.0 un! (20-30 U) reverse transcriptase, mix, and 
incubate at 42°C for 1 h. 

3. Precipitate probe by adding 2 ul 4M hthmum 
chloride and 50 ul cold ethanol (—20°C) and mix by 
tapping tube. 

4, Spin at 13 000 gfor 15 min; remove supernatant. 
Wash pellet carefully (it is very small) with 100 ul 
70% ethanol, spin for 4 min, remove supernatant. 

5. Dry under vacuum for 15 min. 

6. Redissolve pellet in 20 uy! TES. If the pellet is 
difficult to dissolve, add 0.1% SDS and incubate at 
37°C for up to 30 min. Following denaturation by 
boiling for 5 min and rapid cooling the probe ts ready 
for use in 10 ml hybridization fluid. DIG-labelled 
molecular weight markers may also be added to the 
fluid. 

7. Hybridization and washing steps are performed 
using the standard systems above. Colour detection 
is by the standard DIG system. 


PULSED-FIELD ELECTROPHORESIS 


Principle. Pulsed-field electrophoresis involves the 


. production and separation of large DNA fragments, 


each encompassing a large percentage of the genome 
of a microbe, produced by digestion with a restriction 
enzyme which cuts infrequently. Separation of the 
resultant fragments is done by passing a current 
which is reversed regularly in polarity (and in some 
apparatuses from two different directions) to effect 
separation of large DNA fragments (up to 10* kb) — 
much larger than can be separated by conventional 
agarose gel electrophoresis (c. 20-30 kb). 

A test organism may be identified by comparison 
of its gel electropherogram with those of known 
organisms. 


Restriction of native DNA in agarose blocks 


The following is a method for extracting and digest- 
ing DNA in agarose blocks to minimize the degree 
of shearing. This is the method of choice for 
preparation of fragments larger than 10° bp. 


1. Harvest bacterial cells from agar plates into 
an Eppendorf tube containing SE buffer (75 mM 
NaCl, 25 mM EDTA, pH 7.4) and wash twice in the 
same buffer. 

2. Adjust concentration to 10'° bacteria/ml. Total 
growth from one-eighth of a plate culture will give 
approximately this number of bacteria. Suspend final 
pellet in 1 ml] buffer. 

3. Mix together equal volumes of cell suspensions 
and molten 2% low-melting-point agarose in SE 
buffer, making the final concentration in the plugs 
equal to 1%. 

4. Pour bacteria—agarose suspensions in the Bio- 
Rad CHEF plug formers and allow to solidify at 
4°C for 15 min. 

5. Immerse solidified blocks in digestion solution 
containing 2 mg/litre proteinase K, 1% sodium N- 
lauroylsarcosine, 0.5 M EDTA, pH 9.5, and incubate 
at 50°C overnight. 

6. Solidify the agarose blocks on ice and wash at 
least four times in TE8 and store in 50mM EDTA 
pH 8.0 in the refrigerator. The washing steps are 
critical in removing the proteinase K and each should 
be long enough (= 2h) to allow diffusion of the 
proteinase K out of the agarose blocks. 

7. Slice the agarose blocks to the desired size 
(2mm). Place in Eppendorf tubes and equilibrate 
twice in 200 ul restriction buffer for 2 h each time, 
at the digestion temperature recommended by the 
manufacturer. 

8. Change the restriction buffer again and add 
the restriction enzyme. Incubate overnight (100 ul 
reaction 1s sufficient volume). 
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9. In line with the Bio-Rad protocol, prepare a 
gel containing 1% agarose (Bio-Rad chromosomal 
grade or pulsed-field certified agarose) in 0.5x TBE 


and allow to set at room temperature for 1 h. Place — 


the DNA plugs very gently in the wells with a spatula 
and pour molten 1% low-melting-point agarose into 
the wells to remove all air spaces around the plugs. 
Leave at room temperature for 15 min to solidify. 

10. Load the gel into the Bio-Rad CHEF appara- 
tus, and set the voltage and the pulse parameters 
as desired. 

11. After electrophoresis, stain the gel in ethi- 
dium bromide for 20 min and allow to destain for 
1—2 h in water. 


An alternative, effective, method of preparing 
agarose blocks is described by Persing et al (1993). 
In this, bacteria are harvested from overnight broth 
culture so facilitating standardization of the number 
of bacterial cells incorporated into each gel block. 


Protocol for the separation of DNA fragments 
from 100 to 900 kb 


The following is based on the use of a Chef DR II 
Pulsed-Field Apparatus (Bio-Rad) and the manu- 
facturer’s recommendations, The protocol uses a 1% 
agarose ge! (molecular biology certified agarose, Bio- 
Rad) and the following electrophoresis conditions: 
switch time, initially 9 seconds, finally 66 seconds; 
voltage, 6 V per cm (200 V total) at 14°C for 17h. 


or 


Agarose ge] 1% (pulsed-field certified agarose) with 
the following electrophoresis conditions: switch 
time, initially 12 seconds, finally 1 min 24 seconds; 
voltage, 6 V per cm (200 V total) at 14°C for 28 h. 
The second method, although longer, gives better 
resolution. 


IN-SITU HYBRIDIZATION 

Principle. Specific RNA or denatured DNA se- 
quences (e.g. viral) in tissues can be detected by 
hybridization to labelled probes. 


In-situ hybridization (ISH) is most suitable for the 
detection of nucleic acids that are non-uniformly 
distributed in tissues or cells, and, consequently, 
examination of virus-infected samples, where the in- 
fection is often focal, can provide rewarding results. 


The detection of viral nucleic acids by ISH is con- 


ceptually analogous to the detection of antigens by 
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immunochemistry and must satisfy the same primary 
objective, i.e. it must reflect accurately the distribu- 
tion of target molecules in the sample. 

Since viral genomes can be double- or single- 
stranded, DNA or RNA molecules, the protocols 
must be designed accordingly, and a denaturation 
step for double-stranded genomes is necessary. Fresh 
frozen or formalin-fixed tissue can be used; the tissue 
is prepared as follows. . 


Detection of DNA and RNA in wax- 
embedded tissue 


1. Fix biopsy-size samples in 10% buffered formalin 
for 12—24h, or in fresh ethanol:acetic acid (3:1) for 
15—30 min. : 

2. Dehydrate samples and process into paraffin 
wax, 

3. Cut 5 um sections and mount on coated slides 
(APES or gelatin). : 

4. Heat at 60-—70°C for 3 min, then at 37°C over- 
night to ensure section adherence. 

5. De-wax and rehydrate. 

6. Fix sections in 4% paraformaldehyde (Taab 
Laboratories), 5mM MgCl, in PBS for 5 min at 
room temperature. 

7. Wash sections twice in sterile PBS for 5 min 
each time. 

8. If RNase pretreatment is required, incubate 
the sections in 100-200 jig/ml RNase A in 2x SSC at 
37°C for 1 h. 

9. Wash in PBS, as in step 7. 

10. Digest in 50 ,g/ml proteinase K diluted in 
20mM Tris-HCl pH 7.2, 2mM CaCl, 10mM 
EDTA at 37°C for 15 min. 

11. Wash sections twice in sterile PBS for 5 min 
each time, 

12. Post-fix in 4% paraformaldehyde, as in step 6. 

13. Wash in sterile PBS, as in step 7. 

14. Acetylate in 0.1 M triethanolamine-HCl pH 
8.0, 0.25% acetic anhydride at room temperature 
for 10 min. 

15. Wash in PBS. 

16. Dehydrate through ascending ethanol solu- 
tions (2 x 95% vw/v:3 x 100% viv). 

17. Air-dry, 


Detection of DNA in frozen sections 


1. Air-dry 5 um sections at room temperature for 
30-60 min. 

2. Fix in 0.1% glutaraldehyde in PBS at 4°C for 
30 min. | 

3. Wash in PBS for 2 x 5 min. 
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4, Digest in 50 ig/ml RNase in 2x SSC at 37°C 
for 30 min. 

5. Wash in PBS for 2 x 5 min. 

6. Digest in 0.5-1.0 mg/ml] proteinase K diluted 
in 20 mM Tris-HCl] pH 7.2, 2mM CaCl, 10 mM 
EDTA at 37°C for 15 min. 

7. Wash in PBS. 

8. Denature in 0.1x SSC at 100°C for 5 min. 

9. Plunge into ice-cold 0.1x SSC. 

10. Refix in 0.1% glutaraldehyde at 4°C for 
10 min. 

11. Rinse in 0.1x SSC for 2 x 5 min. 

12. Acetylate in 0.1 M tnethanolamine-HC] pH 
8.0, 0.25% acetic anhydride at room temperature for 
10 min. 

13. Wash in PBS. 

14. Dehydrate (as for step 16 above) and air-dry. 


Detection of RNA in frozen sections 


1. Air-dry 5 um sections at room temperature for 
30-60 min. 

2. Fixin 4% paraformaldehyde (Taab Laboratories), 
5 mM MgCl, in PBS at room temperature for 5 min. 

3. Wash in PBS for 2 x 5 min. 

4. Acetylate in 0.1 M triethanolamine-HC] pH 
8.0, 0.25% acetic anhydride at room temperature for 
10 min. 

5. Wash in PBS for 2 x 5 min. 

6. Dehydrate and dry. 


AMPLIFICATION TECHNIQUES 
Principle. Nucleic acids can be amplified naturally 
in vivo (by cell culture) or i vitro (e.g. by PCR), or 


in combination, to give sufficient nucleic acid to 
enable ready detection. 


Nucleic acid amplification in vivo — 


culture enrichment 


Essentially, PCR is simply a procedure for gene 
amplification, and this can often be achieved more 
satisfactorily by culture. Thus, in situations where a 
specific organism is sought in a clinical sample, pre- 
enrichment by culture of the sample in a suitable 
medium for 1-2 days is often rewarding. This is 
particularly so if the level of organisms in the sample 
is likely to be low or close to the sensitivity limit of 
the detection system. 

Subsequent detection of the amplified organism 
may be achieved by highly specific dot- or slot- 


‘blot hybridization, especially when synthetic oligo- 


nucleotide probes are used. These methods are not 
necessarily highly sensitive but are adequate for 
culture-enriched specimens. The methods can be 
readily adapted to examine large numbers of samples 
in batches. 


Nucleic acid amplification in vitro — the 
polymerase chain reaction (PCR) 


In-vitro nucleic acid amplification techniques are 
relatively new, and methods in addition to PCR are 
likely to make a significant impact in diagnostic 
microbiology in the near future. ‘Techniques include 


ligase chain reaction (LCR), nucleic acid sequence- 


based amplification (NASBA), strand displacement 
amplification (SDA) and Q-beta replicase-dependent 
amplification (QBRDA). A brief description of 
PCR follows, while LCR and NASBA are described 
below. 

Workers are referred to the following excellent 
manuals for an extensive coverage of PCR: Erlich 
(1989), Innis et al (1990), McPherson et al (1991). 
Additionally, a comprehensive coverage of specific 
PCR tests for a large number of microorganisms is 
given in Persing et al (1993). 


POLYMERASE CHAIN REACTION (PCR) _ 


Note: Please read the Amplicon containment section 
below before commencement of any PCR work. 
Principles. PCR amplifies a DNA target by repeti- 
tion of the following basic cycle (see Fig. 10.4). DNA 
containing the target sequence is thermally denatured 
(92—94°C) and cooled to a temperature (40-65°C) 
optimal for specific annealing (hybridization) of two 
syntheuc DNA primers, one complementary to each 
3’ end of the target sequence contained within the 
separated DNA strands. The primers are then ex- 
tended by a thermostable polymerase (e.g. Tag poly- 
merase at 72°C) across the target DNA sequence 
on each strand, thus doubling the number of target 
molecules and completing the first PCR cycle. A 
standard. assay generally involves 30 repetitions of 
this basic cycle over a period of 2—3 h. The sensitivity 
is exquisite. “Cheoretically, the original target mole- 
cules are amplified 2*° times (i.e. 10°-fold), However, 
PCR 1s usually less efficient than logarithmic, and 
amplifications of 10°-10'-fold are more typical. 
Although single target molecules can be detected 
in some PCR-based diagnostic applications, this re- 
quires approximately 45 cycles and an amplification 
factor approaching 10'*. The principles that ensure 
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3 {Ts Target DNA 
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Denaturation | Denature 94°C 
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3 5 DNA strands separate 
Annealing of primers | Primers 1 and 2 bind (40-60°C) 
i 


72°C 

Taq polymerase + 

dATP, dCTP, dGTP, TTP. 
Allows synthesis of DNA 


Synthesis of DNA 
(elongation) 





Amount of DNA AB 
has doubled 
(1) Denature 94°C 


(2) Cool to 40-60°C, 
| allows primers to bind 


End of PCR cycle 1 


| 72°C, allows synthesis of DNA 


Amount of DNA AB has 
. increased 4-fold. 
az First AB length DNA is 
generated in cycle 2. 
_______—__—_s«s TNs rapidly amplifies 
EndofPCRecycle2 J. Sin later cycles 


| Approximately 30 cycles in total. 


DNA product (amplicons) 
up to 1012 copies/reaction 


Fig. 10.4 Polymerase chain reaction. The amplification of a target DNA molecule by 
PCR utilizes two DNA primers, a thermostable DNA polymerase and a repetitive cycle 
of denaturation, binding of primers (annealing) and DNA synthesis (elongation of 
primers). 
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extremely high amplification have not been clearly 
delineated (however, see Optimization of a PC: R-based 
microbial detection assay below). 

It is important to ensure that each diagnostic assay 
is PCR-competent (i.e. will undergo PCR if the 
required target is present). PCR is often inhibited 
by impurities derived from specimens. PCR compe- 


tence can be ascertained by inclusion of an internal . 
control nucleic acid target (see Internal PCR assay 


controls below). 

False positives arising from amplicons derived from 
previously amplified.targets can occur very readily 
unless stringent amplicon containment procedures 
are in place (see Amplicon containment below). 

The acceptance of PCR (in largely research appli- 
cations) was greatly facilitated by three develop- 
ments. First, the commercial availability of a very 
heat-stable DNA polymerase which survived the 
repetitive high temperatures (92~94°C) essential for 
DNA denaturation. Thus, the necessity for addition 
of polymerase at each cycle was avoided. Second, the 
availability of highly efficient temperature cyclers. 
Third, a very significant improvement in the avail- 
ability of oligodeoxynucleotide primers — made pos- 
sible by the widespread availability of highly efficient 
chemistries and automated DNA synthesizers and 
economical reagents. Each of these developments is 
briefly described below. There has been widespread 
acceptance of PCR as evidenced by the very large 
and increasing annual volume of published PCR 
methods and applications. However, significant 
problems remain - laborious sample preparation, 
contamination of assays and patent restrictions (and 
hence expense). 


Thermostable polymerases 


The introduction of a thermostable polymerase into 
PCR was an innovative solution to the repetitious 
addition of DNA polymerase at each PCR cycle. The 
essential DNA denaturation step (92—94°C) inacti- 


vated polymerases such as FE. coli DNA polymerase, | 


thus necessitating its continual replacement. How- 
ever, a single initial addition of thermostable poly- 
merase is adequate for the 30 or more PCR cycles 
involved in standard PCR. An additional advantage 
of the thermostable polymerases is that they afford 
an opportunity for improving the specificity of ampli- 
fications by the reduction of non-specific binding of 
primers at the higher annealing temperatures that 
are possible. However, this beneficial effect is limited 
by the requirement that the temperature be low 
enough for the primers to bind efficiently to their 
designated targets. 


The most widely used thermostable enzyme is Jag 
polymerase, which is derived from the thermophile 
Thermus aquaticus (enzyme half-life at 95°C = 40 min). 
A cloned polymerase derivative lacking the amino 
terminal] 5’—3’-exonuclease (Stoffel fragment) is more 
thermostable (half-life at 95°C = 80min) and has 
slightly higher fidelity during DNA synthesis. Other 
thermostable DNA polymerases include Pfu, Pwo, 
Tth (which also has reverse transcriptase activity), 
Vent and others. Some of these enzymes (e.g. Pwo) 
have a higher fidelity (fewer copying errors) than Tag 
polymerase. Of the enzymes that have been tested, 
Tag appears most suitable for The uracil N-glycosylase 
(UNG) method of amplicon decontamination (see — 
below). All these enzymes have a major drawback — 
they are expensive. 


Thermal cyclers 


There is an extensive array of thermal cyclers. Below 
is a short listing of positive and negative features of 
the basic cyclers available. 

Multiblock cyclers. ‘These comprise two or more 
independently programmable blocks — very useful 
for initial opumizatnion of PCR protocols and for 
groups which often require, at any one time, two or 
more different thermal PCR profiles. 

Capillary and positive displacement tip cyclers. 
‘These are designed for PCR assays to be carried out 
in sealed glass capillanes or in positive displacement 
tips. These offer large surface-area-to-volume ratios 
for PCR tests (compared with conventional tube- 
based PCR assays), thus allowing rapid heat transfer 
during PCR so that very rapid cycling is possible, 
e.g. 30 cycles in 15-60 min. Moreover, operation 
does not require an oil overlay — a considerable 
additional technical advantage. They also appear 
to offer both a greater amplification factor and less 
non-specific amplification than tube- or microtitre 
tray-based PCR. 

Plate cyclers. ‘These utilize thin-walled polycarbonate 
96-well microtitre plates and thus are ideal for han- 
dling large numbers of samples. However, the close- 
ness of adjacent wells and the difficulties of sealing 
the plates makes their use troublesome because of the 
comparatively greater nsk of sample-to-sample con- 
tamination. However, the 96-tube array of the Perkin 
Elmer Cetus Gene Amp 9600 cycler is promising. 

Cyclers with heated lids. ‘These allow the conven- 
ience of PCR without oil. (An oil overlay 1s required 
with most tube-based PCR systems to prevent re- 
duction of sample volume due to vaporization and 
condensation on the lid and walls of PCR tubes. 
Removal of ol is cumbersome and time-consuming.) 
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Chemical synthesis of oligodeoxynucleotide 
primers and probes, including chemical tagging 


Primers for PCR and short synthetic probes can 
be synthesized by the automated phosphoramidite 
approach. Generally a 0.2 umole scale synthesis is 
adequate. This usually yields sufficient primer for 
thousands of PCR assays. 

Principle. Chemical synthesis proceeds in a 3’- 
to-5’ direction and utilizes as the starting material a 
5’-dimethoxytrityl-protected deoxynucleoside which 
is covalently linked via an alkali-labile arm to porous 
glass beads (control pore glass). All reactive purine 
and pyrimidine base groups are protected with 
alkali-Jabile groups. The synthetic process involves 
acid-removal of the 5’-dimethoxytrityl to give a 5’- 
hydroxyl group which is then coupled to the next 
specified nucleotide unit. This is introduced as a 
3‘-cyanoethyl nucleotide phosphoramidite deriva- 
tive which is activated with tetrazole. The tetrazole- 
activated phosphoramidite group is very reactive and 
couples rapidly with high efficiency. Residual un- 
reacted 5’-hydroxyl groups are then capped (acetylated) 
with acetic anhydride. The phosphoramidite group Is 
then oxidized with iodine to a cyanoethy! phosphate 
triester to complete the first cycle. The process 1s 
repeated until the desired oligodeoxynucleotide is 
obtained. Current commercial DNA synthesizers 
can complete the assembly of a 20 nucleotide primer 
on a 0.2 umole scale in an hour or less. The 
oligodeoxynucleotide is finally detritylated and then 
treated with ammonia to complete the deprotection 
and to remove the primer from the support. Follow- 
ing removal of ammonia by evaporation, the oligo- 
deoxynucleotide is generally suitable for use as a PCR 
primer. Should a higher purity primer be required 
then the trityl-protected primer (with all NH;-sensi- 
tive protecting groups removed) can be absorbed and 
desorbed from an oligo-purification cartridge (OPC, 
Applied Biosystems), and finally, the trityl group 1s 
removed by acid treatment. 

Various speciality reagents are available for deri- 
vatization of oligodeoxynucleotides, including reagents 
to add deoxyinosine monophosphate (dIMP), biotin 
residues, 5’ or 3’ amino groups, 5’ or 3’ thiol groups, 
fluorophores and other groups. These are useful for 
the preparation of degenerate PCR primers, e.g. those 
containing dIMP, and for the preparation of deri- 
vatized primers, e.g. biotinyl primers which aid in the 
rapid detection and quantification of amplified DNA. 


Designing a PCR-based microbial 
detection assay 


The design of a PCR-based assay requires the avail- 
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ability of a potential target nucleic acid sequence 
specific for the microorganism from which two PCR 


‘primers can be selected. Sequence data may be 


age such as MacVector (IBI) or DNASIS (Hitachi). 
However, the specificity of any selected target se- 
quence must be determined by testing the final PCR 
assay against a bank of organisms (see Examination of 
PCR assay specificity below). The two PCR primers 
are selected manually or with computer assistance. 

The manual method of primer selection involves 
visual scanning of potential target sequences and 
marking of all potential primer sites together with 
their G+C™. A potential primer site is any sequence 
of approximately 20 nucleotides which has a G+C 
content greater than or equal to 50% and which, 
if possible, does not contain more than four conse- 
cutive identical nucleotides. With a little practice, 
2kb/h can be manually scanned for all potential 
priming sequences. A suitable PCR target is then 
chosen; this is a short sequence of 110—350 bp, bor- 
dered by a pair of primers with a high G+C content. 
Each primer should have minimal complementarity 
to itself or to the other member of the primer pair 
(see below). If the target nucleic acid is to be derived 
from archival fixed tissue then the selected target 
should be not more than 100-150 bp since such tar- 
get nucleic acids are’ often highly degraded. If it 1s 
intended to detect the amplified target by hybridiza- 
tion, then a probe site within the target is chosen 
which contains at least 25 nucleotides with a G+C 
content of greater than or equal to 50%. It must be 
remembered that primer 2 is the reverse complement 
of the top 5’—3’ strand. It must be written in the 
correct 5’—3’ direction for complementary testing 
(see below), and for chemical synthesis. 

Primer mixtures (degenerate primers) or primers 
containing dIMP residues can be used in cases where 
the target sequences are genuinely redundant at 
certain nucleotide positions or are of incompletely 
known sequence (e.g. when DNA target sequences 
are deduced from protein amino acid sequences). 
The substitution, dIMP, pairs weakly to all of the 
standard bases. However, to obtain a reasonable 
annealing temperature the length of the primer must 
be increased by one nucleotide for every dIMP 
present. 

The two potential primer sequences are then checked 
for self-complementarity and for inter-comp]emen- 


tarity. This is necessary since primers displaying — 


significant complementary pairing, particularly at 
their 3’-termini, are unlikely to be useful since they 
may form primer dimers during PCR. This can 
significantly reduce target amplification as reagents 
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are consumed in primer dimer formation. Comple- 
mentarity tests can be carried out manually by means 
of a two-dimensional matrix where all possible 
complementary pairings are visualized. Primers with 
more than two complementary bases at their 3° ends 
are not used. Addition or deletion of one or more 
3’-nucleotides (complementary to the target) to 
potentially troublesome primers 1s usually adequate 
to avoid problems. 


Confirmation of primer and probe sequences 
and storage of data 


The checking of sequences before synthesis, and the 
maintenance of adequate and readily accessible 
records of all oligonucleotides made, and their stored 
location, is most important. Much valuable time and 
considerable funds can otherwise easily be lost. The 
following simple strategies are used in the laboratory 
of one of the authors (RJH). ; 

The target sequences are derived from GenBank 
or primary literature references (we prefer the latter 
although we often use GenBank as a source of 
references). 

Following selection of primers and any required 
probe, details are entered on an Oligonucleotide 
Order form. The Order form comprises Oligonucleo- 
tide number, -date, trivial oligonucleotide name, 
sequence and other details. The sequence is then 
carefully checked against the published sequence and 
forwarded to the synthesis facility. 

Oligonucleotide file. An index and major record of 
each synthesized oligonucleotide is kept in a sturdy 
spring clip folder entitled ‘OLIGO RECORDS’. 
Each index 1s composed of a photocopy of the top 
of the order form. The location (e.g. freezer 1) of the 
oligonucleotide is recorded. ‘The major record con- 
sists of a photocopy of each order form (i.e. no re- 
writing of sequences occurs) to which 1s stapled the 
primary sequence reference (front page of literature 
reference together with the sequence containing the 
target sequence and/or primers or alternatively a 
GenBank printout). Immediately on receipt of an 
oligonucleotide the accompanying report sheet is 
stapled to the corresponding record. ‘To reduce loss 
of records due to ‘wear and tear’ the appropriate edge 
of each form is reinforced with a tough adhesive tape 
(e.g. tesa film plus) prior to perforating for filing. 

The records are very valuable, especially where 
there is a high turnover of users (e.g. University de- 
partments involved in training higher degree candi- 
dates). The records are retained in the supervisor's 
office (but easily accessible), or preferably in the 
laboratory by a responsible long-term worker. All 


oligonucleotide stocks must be labelled using a 
water-proof pen (on adhesive tape) with their oligo 
number. 

Adherence to this or similar organizational ap- 
proach can easily save large sums of money In resyn- 
thesis costs and, more importantly, greatly reduce 
frustration and lost time. The records are invaluable 
when preparing publications and for passing infor- 
mation on to other interested parties. 


Optimization of a PCR-based microbial 
detection assay 


For any selected target primer pair, an optimal set 
of PCR conditions should be established. There is 
no single set of conditions that will be optimal for 
all PCR assays. However, the following defines a 
reasonable initial ‘standard’ which cam be tried and 
then optimized by examining variations in Mg”, 
primer concentrations, concentration of polymerase, 
pH, annealing temperature and duration at each 
stage of PCR (denaturation, annealing, elongation). 
An indication of the optimal annealing temperature 
for primers 10-20 nucleotides in length can be ob- 
tained from the formula T,, = 2(A+T) + 4(G+C), and 
for primers longer than 20 nucleotides, I, = 69.3 + 
0.41(G+C)% — 650/L (where 'T,, = the temperature 
in degrees Celsius at which 50% of the primer 
templates are dissociated, and L. = length of primer). 

PCR products are conveniently examined by 
agarose gel electrophoresis with DNA markers of 
suitably low molecular weight. Agarose 2-3% is 
suitable for analysis of products of 120-150 bp. Gel 
analysis allows a rough visual estimation of product 
yield (relative to the intensity of marker bands of 
known DNA content, for example) and product 
size. If one or more DNA products are produced 
as well as the required product, specificity can be 
increased in a number of ways. The simplest way 1s 
to increase the annealing temperature. This can be 
carried out in 2°C increments until the non-specific 
targets are no longer amplified. Multiblock thermal 
cyclers are ideal for optimization of PCR conditions. 
Non-specific products are often reduced by a reduc- 
tion in PCR cycle time — particularly reductions in 
annealing and extension times. A further approach 
is addition of the rest DNA to a PCR mix which has 
been preheated to 92-94°C — a procedure termed 
‘hot start’. All of these approaches reduce the 
opportunity for non-specific primer annealing and 
extension. Optimization of product yield is usually 
approached initially by examining Mg* concentra- 
tions — for example from 1 to 8mM in | mM in- 
crements. Of relevance here ts the strong complex 
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formation of dNTPs with equimolar Mg~*. Thus, a 
total dNTP concentration of 0.8 mM will complex 
0.8 mM Mg”**. Variations in pH in the range 8-10 
may also yield improved specificity. Product yield 
may be increased by omission of KCl or addition 
of up to 10% dimethyl sulphoxide (possibly to 
destabilize target secondary structures). 


Improving PCR specificity by high temperature 
commencement 


Improved specificity may be obtained by addition 
of the polymerase only after the remainder of the 
amplification components are at a high temperature 
(e.g. > 70°C). This variation of PCR reduces non- 
specific priming, which can occur more frequently at 
low temperature. High-temperature commencement 
may be achieved in a number of ways. 

The first method, ‘hot-start PCR’, involves either 
the manual addition of the polymerase when the 
assay mix is > 70°C, or, alternatively, the polymerase 
is initially separated from the other assay components 
by a solid wax layer which melts at high temperature 
during the first cycle and allows the denser poly- 
merase solution to sink and mix with the other assay 
components, thus initiating amplification. A third 
and even more convenient (and ingenious) method 
is the use of an inhibitory anti-7ag antibody which, at 


high temperature, denatures and allows amplification . 


to commence, 


Confirmation of PCR product authenticity 


PCR product autnenticity can be determined by a 
number of simple methods. These include agree- 
ment between observed and expected size of a PCR 
product and confirmation of the position of a single 
restriction site within the amplified DNA. Dot 


blot hybridization or application of the Southern. 


procedure or sequencing may be necessary in rare 
cases. 


Increasing PCR detection sensitivity 


The aspects that allow very high yield PCR amplifi- 
cation have not been fully delineated (but see Optimi- 
zation of a PCR-based microbial detection assay above). 
Occasionally, higher sensitivity may be required than 
can be achieved by an optimized PCR assay and 
agarose gel analysis of the product. This can be 
effected by detection of the PCR product by dot 
blot hybridization or the Southern procedure with 
the use of a highly sensitive probe. While labour- 
intensive, these steps have a number of benefits — 
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improved sensitivity, improved specificity and, occa- 
sionally, quantification of the amplified product is 
possible (e.g. by scintillation counting of **P-probed 
dots); this, in turn, can allow quantification of the 
original specimen target DNA number (ie. the 
number of microbial genomes present/ml of speci- 
men). This information can supply vital information 
for assessing the degree of infection (see Williamson 


‘et al 1992). 


Examination of PCR assay specificity 


The specificity of any microbial] PCR assay should 
be tested against a panel of organisms. The most de- 
finitive method is to test the purified DNA of each 
organism at high concentration (e.g. equivalent to 
10°-10° genomes/assay). Organisms tested should 
include those that are closely and distantly related 
in an evolutionary sense. Particular attention should 
be given to organisms that inhabit the same niche as 
the target organism. If any of these organisms yields 
a PCR product of the same size as the target organ- 
ism, procedures outlined in the section immediately 
above can be examined to see whether the ‘non- 
specific product’ can be selectively eliminated. If 
these procedures are unsuccessful then at least one 
new primer should be selected or, preferably, a new 
target and primers should be found. 


‘Standard’ PCR protocol 


As mentioned above, optimal PCR conditions vary 
for different targets. However, the following protocol 
offers a useful ‘standard’ starting point. The PCR 
method follows that of Saiki et al (1988) and is 
described in the protocol notes (1989) for AmpliTaq 
issued by Perkin Elmer Cetus. The reaction mixture 
contains in a final volume of 50 jl, 20 pl of sample, 
10 mM Tris-HCl pH 8.3 (at 25°C), 50mM KCl, 
1.5 mM MgCl, and 0.001% (w/v) gelatin. The whole 
PCR buffer is autoclaved before use. The reaction 


‘mixture also contains 200M of each dNTP, 


50 pmol of primers 1 and 2, and 1.25 units of 
cloned native Jag polymerase. Deoxynucleoside 
triphosphates can be prepared from solids which 
are dissolved and neutralized (pH 7.0) with NaOH, 
dispensed into aliquots and stored frozen. More 
conveniently (but more expensively) they can be pur- 
chased as neutralized solutions (Promega, Pharmacia). 

Each batch of tests should include positive and 
negative controls, e.g. 100 pg test organism DNA 
and 1 yg of E. coli DNA interspersed with specimen 
tests. Internal controls, which assess the PCR com- 
petency of each test, can also be included. We prefer 
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to analyse each specimen via two tests, one with and 
one without added internal contro! nucleic acid. 
For targets up to 1000 bp, 20-30 cycles of PCR 
are performed, with each cycle consisting of 1 min 
denaturation at 94°C, 1 min annealing at 55°C, and 
2 min for primer extension at 72°C. The final cycle 
incorporates an extension step of 10 min at 72°C. 
An aliquot of the reaction mixture is then examined 
by agarose (3%) gel electrophoresis with standard 
low-molecular-weight markers. The time at each 
incubation step can usually be reduced to 20 seconds 
without reduction of amplification for targets up to 
100-300 bp. For detection of low numbers of target 
organisms up to 45 cycles may be required. 


Asymmetric PCR 


This allows amplification of one strand of a DNA 
target. The resultant single-stranded DNA can be 
readily sequenced. 

Principle. Asymmetric PCR produces predomi- 
nantly a single-stranded product by using a ratio of 
primer 1 to primer 2 (or reverse) of 1:0.01 to 1:0.02. 
The other strand can usually be produced by re- 
versing the primer ratios. Amplification is initially 
approximately logarithmic to give a double-stranded 
product until primer 2 is exhausted; thereafter the 
remaining primer is extended to give approximately 
linear amplification of one DNA strand. 

Unexpectedly, some targets that readily amplify 
via standard PCR will amplify with one but not the 
other of the two possible asymmetric PCR processes. 
Thus, for example, the top strand can be amplified 
while the bottom strand cannot. 


Quality control of PCR-based detection 
methods 


Two common PCR problems are the occurrence of 
false negatives due to the presence of PCR inhibitors 
(or, less likely, due to poor nucleic acid isolation 
efficiency and/or poor amplification efficiency) and 
the more serious problem of false positives due to 
contamination of PCR assays with extraneous targets. 

Monitoring the PCR competence of each assay by 
the use of internal controls allows the false negatives 
to be identitied and corrective measures to be taken 
(e.g. repeat assay with more vigorously purified target 
nucleic acid). 


Internal PCR assay controls 


To avoid false negatives it is important to ensure 
that assays are PCR competent. This can be achieved 


by incorporation of an internal control. For example, 
assays can be run with and without added control 
target or preferably with an added internal control 
sequence (e.g. added at a low level, e.g. 0.1 pico- 
gram) that is slightly different from the natural target. 
For example, it can be amplified by the same primer 
pair as the natural target but be longer or shorter 
to facilitate differentiation from the true target 
when amplified products are analysed by agarose gel 
electrophoresis. 


Sources of target nucleic acid 
contamination 


The occurrence of false positives due to sample con- 
tamination with extraneous targets presents the most 
serious problem with regard to general acceptance 
of PCR in routine diagnostic microbiology. Contami- 
nation arises from spread of targets from the sources 
indicated below: 


(i) Amplicons from previous PCR amplifications 
(the most common source of contamination); 

(ii) Targets in cloning vectors; 

(iii) DNA purified from target organisms; 

(iv) Native targets from clinical samples (i.e. 
sample-to-sample contamination). 


Procedures for the containment and/or elimination of 
contamination are given below. 


Amplicon containment 


Principle. Implementation of procedures. for 
stringent amplicon containment are essential for 
successful application of PCR. The higher the 
amplification factor achieved the greater the chance 
of false positives. The multiple-room approach for 
amplicon containment has received widespread ac- 
ceptance. Processes are restricted to separate rooms 
as follows: 


Room 1. Preparation of primers, PCR buffers, dNTPs 
and their storage in the form of small aliquots. 


Room 2. Preparation of PCR assays except target 
nucleic acid addition, Equipment which 1s absolutely 
dedicated to these rooms includes one or more sets, 
each, of air-displacement pipettes (we prefer the 
Gilson range) and positive-displacement pipettes. 
These are for PCR use only and are colour-coded 
with highly visible tape to allow ready identification 
if they are moved to a location outside the designated 
room. Filter-plugged disposable plastic tps (or, 
preferably, positive-displacement tips) are used for 
all dispensing. Disposable gloves should be worn. 
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Re-usable glassware, plasticware and stoneware 
should be acid decontaminated (0.5 M HCl for | hat 
room temperature), washed and autoclaved before 
re-use (note that acid rapidly depurinates and thus 
inactivates amplicons). Where possible, items are 
dry-heat sterilized at 160°C for 3h. 


Room 3. Processing of specimens — preparation of 
target nucleic acids; addition of targets to PCR assays 
using positive-displacement ups. A positive-displace- 
ment tip consists of a tip with an integral plunger. 
Thus, there is little danger of the pipette becoming 
contaminated. All handling of individual specimens is 
accomplished with positive-displacement pipettes 
with a new tip being used for each specimen. The 
rules for.air-displacement and positive-displacement 
pipettes and gloves are the same as for the other rooms. 


Room 4, Amplification. 


Room 5. Agarose ge! analysis of amplified DNA 
products. This location is the most likely source of 
contaminating amplicons. This potential is clearly 
evident from the following considerations. A typical 
100 pl PCR assay with a 250 bp target generates 
approximately 4 x 10'* amplicons (approximately 
1 ug DNA product). Loss of 1 Lt! each from 50 such 
assays into a 2 litre gel electrophoresis tank during 
gel loading of samples gives a contamination level of 
10° amplicons/uil of buffer. While amplicons would 
tend to migrate to the anode (+) it is obvious that 
retrieval of an agarose gel from such a tank would 
be accompanied by massive amplicon contamina- 
tion of gloves, followed by contamination of trans- 
illuminator switches and viewing surface, camera, 
and benchtop (when the gel carrier is placed on the 
bench)..It is remarkable that the occurrence of false 
positives due to amplicon contamination is not more 
frequent than observed. Meticulous care is obviously 
required here. Gloves should be worn when handling 
gels. The transilluminator vrewing glass should be 
covered with clear plastic film and disposed of imme- 
diately after each gel is viewed. Used gloves should 
be removed before leaving the room and bagged for 
autoclaving. No equipment should leave the room. 
Used gel buffer should be decontaminated for lh 
with 0.5 M (final concentration) HC] or H,SO, prior 
to being discarded. All other wastes should be bagged 
and closed with tape prior to disposal. 

With the above containment arrangements the 
occurrence of false positives has been very low in 
our experience. Problems usually arise only when 
inexperienced personnel commence PCR work and 
do not observe the rules (often because they believe 
they are excessive!). 
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Enzymatic inactivation of contaminating 
amplicons 


The uracil N-glycosylase (UNG) method” 


‘The UNG method (see Fig. 10.5) offers an innova- 
tive approach for amplicon contamination control 
and uses dUTP (which replaces TTP in PCR) and 
uracil N-glycosylase. Thhe method achieves enzymatic 
degradation, in each new PCR assay, of any PCR 
amplicons which have arisen from previous ampli- 
fications and may contaminate the new PCR assay. 
Uracil N-glycosylase-degradable PCR amplicons 
are generated by the incorporation of (UMP (from 
dUTP) rather than the standard TMP into all PCR 
products during amplification. Decontamination of 
all subsequent PCR assay mixes is ensured by treat- 
ment with uracil N-glycosylase prior to-commence- 
ment of PCR amplification. The enzyme removes 
uracil bases from any contaminating dUMP-contraining 
amplicons, which are subsequently cleaved by heat- 
ing and thus rendered non-replicable. Optimally, the 
uracil N-glycosylase is heat-inactivated at the same 
time. Native DNA targets lacking incorporated 
dUMP are unaffected by the enzyme. PCR cycling is 
then initiated. 

A problem with this approach is that the E. coh 
uracil N-glycosylase presently available is rather 
heat-stable. Immediately following PCR, reaction 
mixes should be extracted with chloroform to remove 
residual uracil N-glycosylase which may otherwise 
degrade any PCR product. Enzymes which are more 
heat-labile are being sought. Secondly, it is often 
more difficult to obtain sufficient amplified product 
when using dUTP and Tag polymerase. In general, 
this problem is more severe for several other ther- 
mostable DNA polymerases. : 


OTHER IN-VITRO NUCLEIC ACID 
AMPLIFICATION PROCESSES 


While PCR has received the bulk of attention as a 
nucleic acid amplification tool for diagnosis of micro- 
bial infectiuns it is worthwhile for workers to become 
familiar with other emerging amplification processes. 
Three of these, the ligase chain reaction (LCR), 
nucleic acid sequence-based amplification (NASBA) 
and strand-displacement amplification (SDA) are 
described below. NASBA and SDA are particularly 
notable in that they do not require thermal cycling. 
Additionally, the methods -are efficient and rapid. 
However, NASBA suffers from the disadvantage 
of requiring two primers and three enzymes (RT, 
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NO PRODUCT 


| Fig. 10.5. Enzymatic inactivation of contaminating amplicons — the uracil N-glycosylase (UNG) method. 

The method utilizes dUTP during otherwise standard PCR to generate uracil-containing amplicons. 
Should these contaminate any new PCR assay then they can be inactivated in situ by uracil N- 
glycosylase followed by heat. Input native DNA targets are unaffected by the enzyme. 


oo H, T7 RNA polymerase) and SDA requires a tani (Landegren 
our primers, two enzymes (restriction enzyme and 
DNA polymerase) and o-thiophosphoryl dATP Principle. CR amplifies target DNA sequences by 
compared with two primers and one enzyme (DNA repetition of the following basic cycle (see Fig. 10.6). 
polymerase) for PCR. A brief overview of these DNA containing the target sequence is thermally 
_ amplification processes is given below. denatured and cooled to a temperature (40-65°C) 
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Fig. 10.6 Ligase chain reaction (LCR). The amplification of a target DNA molecule by LCR is effected by four 
deoxyoligomers, a thermostable DNA ligase, and a repetitive cycle of denaturation, binding of two pairs of deoxyoligomers, 
and the joining of the deoxyoligomers in each pair by DNA ligase. 


optimal for specific annealing (hybridization) of two 
pairs of synthetic deoxyoligomers. The members 
of each pair bind such that they are immediately 
adjacent and completely cover the target sequence on 
both separated DNA strands. The oligomers of each 
pair are then joined by a thermostable DNA ligase 
via the covalent linkage of the 3’-hydroxy] of the first 
deoxyohgomer of each pair, to the 5’-phosphoryl 
group of the second deoxyoligomer. This doubles the 
number of target DNA molecules and completes 
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the first LCR cycle. The second cycle is initiated by 
denaturation. ‘Typically 25-30 LCR cycles are used 
to effect approximately logarithmical accumulation 
of product. 

LCR has good diagnostic potential but few appli- 
cations have been published. The major limitation 
is the expensive requirement for four synthetic 
deoxyoligomers — two of which must be 5’-phos- 
phorylated. By comparison, PCR requires just two 
primers. More recently an ingenious gap-fill LCR 





—_ 






has been published (also termed repair chain reac- 
tion, RCR). 


Nucleic acid sequence-based 
amplification (NASBA) (Guatelli et al 
1990) 


NASBA is an ingenious method based on retroviral 
replication for amplification of RNA (or DNA with 
modifications to the method). This amplification 
process, while more complex than PCR, has the 
advantage that it does not require thermal cycling. 
It proceeds rapidly and isothermally at 37°C. The 
process involves the copying of a target RNA se- 
quence to give intermediate DNA molecules with a 
T7 RNA polymerase promoter sequence at one end 
(see Fig. 10.7). This is synthesized by reverse tran- 
scriptase extension of a primer (with a tail contaming 
the T7 promoter) which is complementary to the 
3’ end of the RNA target to give an RNA:cDNA 
hybrid. From this, a double-stranded cDNA inter- 
mediate product is generated by the DNA poly- 
merase activity of reverse transcriptase which extends 
a second primer complementary to the 5’ end of the 
target (now DNA) following RNase H degradation 
of the original RNA target. This intermediate acts 
as a template for I77 RNA polymerase which con- 
tinuously generates numerous progeny RNA copies 
(complementary to the original RNA). The progeny 
RNA copies then participate in generation of acDNA 
product in a process essenually the same as that 
described above. This product, in turn, automatically 
enters the continuous cyclic amplification process 
and leads to the cDNA and RNA products accumu- 
lating rapidly and exponentially. 

The ‘Gen-Probe Amplified Mycobacterium Assays’ 
utilize a similar process to NASBA to produce rapid 
amplification of a section of rRNA which is then 
detected by the use of chemiluminescent acridine 
ester-labelled DNA probes (Gen-Probe). 


Strand displacement amplification (SDA) 
(Walker et al 1992) 


This is possibly the most ingenious of the nucleic 
acid amplification processes (and the most difficult 
to understand). The process is partially depicted in 
Figure 10.8. It proceeds in two phases ~ the first is 
‘target generation’ and the second is ‘amplification’. 
The process requires two primer pairs (B,,S, and 
B.,S,) and two enzymes (a restnction enzyme and a 
DNA polymerase) and a modified deoxynucleoside 
triphosphate (a-thiophosphoryl dATP). Considering 
one primer pair B,,S, and one strand of an input 
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target DNA molecule, the process relies on the 
binding and extension of both primers (S, and B,) 
with the extension of B, resulting in the concomitant 
displacement of the newly synthesized S,-primed 
DNA strand (only certain DNA polymerases will 
strand displace, e.g. Klenow fragment of DNA 
polymerase I). The displaced S, strand is acted upon 
by B,,S,, DNA polymerase, a restriction enzyme, 
and incorporation of a[S}dATP te give ‘generated 
targets’ (single-stranded DNA) containing partial 
restriction sites at each end (for details see Walker 
et al 1992). The amplification phase is depicted in 
Figure 10.8. Considering the left-hand side of the 
figure, primer S,; hybridizes to the DNA target 
(bottom strand), and extension of both S, and the 
target occurs. Extension of the target is associated 
with incorporation of o-thiophosphoryl dAMP into 
the Hinc JI restriction site — this causes the restriction 
site 10 be only ‘nickable’ (i.e. only Hinc II cutting of 
the top strand can occur). Following nicking, DNA 
polymerase binds to the nick and extends the gener- 
ated internal 3’ end of S, and displaces the existing 
top strand. This displaced strand ‘feeds’ into the 
right-hand side amplification cycle, and a similar 
process commences based on S, priming. 

The overall process is efficient (for smal] targets 
< 200 bp), being capable of detecting (with dot blot 
hybridization detection of products) less than 10 
target copies. Recently a high-temperature (60°C) 
version of SDA was reported (Spargo 1994) which 
offers improved specificity. 


CURRENT APPLICATIONS IN VIROLOGY 


Principle. Despite the diversity of protocols de- 
scribed above, and the accumulated expertise, very 
few of the above methods are actually in regular 
use in clinical diagnostic laboratories. For the most 
part, this results from the success, sensitivity and 
robust nature of conventional diagnostic procedures, 
but other contributing constraints include incon- 
venient protocols for the preparation of nucleic acids 
from clinical samples, difficulry in preventing false 
positives, the level of expertise necessary to ensure 
that the results are consistent within individual labo- 
ratories, and the poor consistency between different 
laboratories. This has recently been highlighted by 
Zaaijer et al (1993) who showed that the results of 
PCR detection for hepatitis C virus RNA differed 
considerably in different laboratories. 

Thus, although individual laboratories with spe- 
cific interests and expertise have developed nucleic 
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Fig. 10.7 Nucleic acid sequence-based amplification (NASBA). The amplification of an RNA 
molecule by NASBA is isothermal and proceeds via two phases of nucleic acid amplification. 
The first, the ‘initiating phase’, involves the binding of the first primer (carrying a 5’-terminal 
T7 RNA polymerase promoter), its extension by reverse transcriptase to give a DNA:RNA 
hybrid, the subsequent removal of the RNA component (by RNase H) and its replacernent by 
the consecutive binding of primer 2 and its extension by RT to give double-stranded DNA 
which acts as a template for the production of large numbers of RNA copies by RNA 
polymerase. The second or ‘cyclic phase’ involves repetitive cycles of hybridization of the 
second primer to the RNA copies, their extension by AT to form a DNA:RNA hybrid and 
essentially a repetition of the sequence of steps of the ‘initiating phase’ to give double- 
stranded DNA, from which are transcribed large numbers of RNA product molecules. 
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Fig. 10.8 Strand displacement amplification (SDA) is an intriguing DNA amplification process requiring two primer 
pairs, two enzymes (a strand-displacing DNA polymerase and a restriction enzyme) and a modified deoxynucleoside 
triphosphate, a-thiophosphoryl dATP. For details see the text. 


acid hybridization assays, only assays for detecting 
hepatitis B virus (HBV) DNA and hepatitis C virus 
(HCV) RNA can be regarded as being in general 
use. Since the above protocols are generic, we now 
include specific protocols for the detection of these 
pathogens. 


HBV DNA detection — HBV DNA dot blot 


HBV DNA detected by dot blot hybridization is a 
better marker of virus replication than HBeAg (see 
Gowans 1986, and references therein) and is used 
to categorize carriers into two groups, viz. those with 
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high or low levels of viraemia. It is most important 
to define these groups, since the former group is 
highly infectious and capable of virus transmission 
as a result of needlestick accidents, whereas larger 
volumes of blood require to be transferred from the 
latter group, e.g. by blood transfusion, before trans- 
mission occurs. HBV DNA can be detected by PCR 
in both groups, although this is unnecessary since 
the presence of HBsAg indicates potential infectivity. 
However, HBV DNA amplification followed by 
dot blot hybridization with specific oligonucleotide 
probes (see below) allows definition of patients who 
are infected with wild-type or pre-core mutant vi- 
ruses, which may influence the pathological outcome 
of infection. 


(a) Sample preparation 


1. To 10 ul serum, add 20 pl of 2M NaCl, and 
20 ul 1 M NaOH; incubate at room temperature for 
15 min, 

2. Filter the mixture under slight vacuum on to 
nitrocellulose (0.45 um, Millipore) which has been 
presoaked in 6x SSC, in a dot blot apparatus (Bio- 
Rad). 

3. Neutralize by filtering 40 1] of 0.5 M Tris-HC] 
pH 7.6, 3 M NaCl, through each sample well. 

4. Remove the nitrocellulose and fix DNA to the 
membrane by baking at 80°C in vacuo for 2h. 


(b) Prehybridization, hybridization and washing 


1, Wash the filter in a solution of 50 mM Tris-HCl 
pH 7.6, 1 M NaCl, 1 mM EDTA and 0.1% SDS at 
42°C for 2 h. | 

2. Prehybridize in 5x SSC, 50% deionized 
formamide, 50 mM Tris-HCl pH 7.0, 5x Denhardt’s 
solution (1x = 0.02% BSA, 0.02% polyvinyl! pyrolidine, 
0.02% Ficoll, each w/v), 50mM Na,HPO,, 0.1% 
SDS w/v and 250 1g/m! denatured salmon-sperm 
DNA at 42°C for 4h. 

3. Hybridize in the same solution, but also con- 
taining 100 ug/ml denatured salmon-sperm DNA 
and 2 x 10° cpm/ml **P-labelled HBV DNA for 18h 
at 42°C (cf. Labelling of DNA probes above). 

4. Remove the filter from the hybridization solu- 
tion, which is then discarded in accordance with 
local radiation safety procedures. 

5. Wash the filter as follows: 


(a) Four times in 2x SSC, 0.1% SDS at room 
temperature for 5 min; 

(b) Two times in 1x SSC, 0.1% SDS at 68°C for 
30 min. 
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6. Air-dry the filter and expose to X-ray film for 
2-3 days. 


Note:The **P-labelled probe can be substituted with 
a DIG-labelled probe, but our experience is that **P 
probes are less troublesome, more robust and more 
sensitive. The **P protocol described above can typi- 
cally detect 0.1 pg of HBV DNA, which is equivalent 
to 3 x 10* virus particles. 


Detection and identification of HBV pre- 
core mutants by PCR and dot blot 
hybridization 


(a) Extraction of virus DNA from serum 


1, To 100 pl serum add 100 pil 20 mM Tris-HC] 
pH 7.8, 10 mM EDTA, 1% SDS, 500 j1g/ml protein- 
ase K, 50 ug/ml tRNA and incubate at 70°C for 3 h. 

2. Extract with phenol:chloroform 1:1 (v/v) and 
keep the aqueous supernatant. 

3. Ethanol-precipitate, briefly dry the DNA, and 
redissolve in 10 up] DDW. 


(b) PCR 


1. To 10 np] DNA solution add 5 pl 10x reaction 
buffer (100 mM Tris-HCl pH 8.3 at 20°C, 500 mM 
KCl, 30 mM MgCl,), 0.5 p1 10 mM dNTPs (10 mM 
of each A, C, G and T), 1 wl primer 1 (60 ng/jl), 
lul primer 2 (50 ng/l), 0.25 ul (1.25 units) Tag 
polymerase (Perkin Elmer), 32.25 np] DDW and two 
drops of oil. 

2. Pulse spin to separate oil phase. PCR conditions: 

94°C -— 5min, 50°C — Imin, 72°C -— 2min 

(first cycle) 

94°C - Imin, 50°C — 1l min, 72°C — 2min 

(30 cycles) 

94°C - 1Imin, 50°C - 1 min, 72°C - 7 min 

(last cycle). 


The sequences of the pre-core primers used are: 


Primer 1: 5'-CTG GGA GGA GTT GGG GGA 
GGA GAT T-3’ 

Primer 2: 5'-GGC GAG GGA GTT CTT CTT 
CTA GGG G-3’. 


These primers amplify wild-type and pre-core mu- 
tants. Analyse the products by Standard agarose gel 
electrophoresis as described above, or, more com- 
monly, by dot blot hybridization as described here. 


(c) Dot blot hybridization 


Dot blot hybridization with specific oligonucleotide 


‘ ee 


(Ge 
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probes which differ in one position is used to deter- 
mine whether the amplified DNA is wild-type or 
contains pre-core mutant DNA with a mutation 
at position 1896 (mutant 1) and/or position 1899 
(mutant 2). 


1. The amplified DNA is denatured and spotted 
on to nylon membranes as described above. 


2. The filter is prehybridized in 6x SSC, 50 mM 


NaHPO, pH 6.8, 5x Denhardt’s solution, 0.05 g/ml 
dextran sulphate and 15 ug/m! denatured salmon- 
sperm DNA at 37°C for 4h. 

3. Following prehybridization, 1 x 10° cpm/ml 
of **P-Jabelled oligonucleotide probe (see Labelling 
of DNA probes, (c) 5-f*P] phosphorylation above) is 
added and incubated at 37°C overnight. 

4. The filter is then washed as follows: 


Three times in 6x SSC, at room temperature for 
5 min; 

Two times in 2x SSC, 0.1% SDS at 55 + 0.5°C 
for 5 min (Note: Accurate ternperature control is 
critical here and may need to be optimized by each 
laboratory); 

Two times in 2x SSC, at room temperature for 
5 min (mix in between by swirling). 


Note: The oligodeoxynucleotide sequences of the 


probes are: 
1896 1899 
Wild-type 5’-TGG CTT TGG GGC ATC 
GAC-3’ | 
Mutant | 5’-TGG CTT TAG GGC ATG 
GAC-3’ 
Mutant 2 5’-TGG CTT TAG GAC ATG 
GAC-3’. 


The stringency of the probe-target interaction is 
determined by the temperature of the washing solu- 
tions, which must be accurate to +0.5°C. At 55°C, 
only probes which are completely homologous to 
the target will remain bound. Thus, it is possible to 
distinguish wild-type and mutant DNA. 


HCV RNA detection by RT-PCR- 
hybridization (reverse transcriptase- 
polymerase chain reaction) 


Current assays for HCV infection rely on the detec- 
tion of anti-HCV antibodies. These cannot differen- 
tiate between acute or chronic or past infection. At 
the present time, the detection of HCV RNA by PCR 
is the only way to identify viraemic patients (Weiner 
et al 1990) and, given the large numbers of indivi- 
duals who test anti-HCV positive, this has resulted 


in considerable pressure for diagnostic laboratories to 
provide an HCV PCR service. However, although 
many research laboratories perform HCV PCR on a 
regular basis, the introduction of PCR into diagnostic 
laboratories has proved most difficult for two main 
reasons: (i) the large number of samples for testing, 
and (ii) the inherent unsuitability in the design of 
current laboratories for performing PCR. Further- 
more, patent restrictions (cost) are likely to restrict 
the widespread application of PCR. 

The target for this reaction is the highly conserved 
5’-UTR (5’-untranslated region; Houghton et a! 
1991), 


(a) Materials and methods 


RNA is extracted from serum as described below 
using the following reagents, which are dedicated to 
PCR: 


10% (w/v) sarcosyl, stored at room temperature. The 
following are stored at 4°C: guanidine isothiocyanate 
(GIT), dry solid; 0.75 M sodium citrate pH 7.0, 
autoclaved; 2-mercaptoethanol (BDH): 3 M sodium 
acetate pH 5.0, autoclaved; Tris-HCl] pH 8.0 
equilibrated phenol (Sambrook et al 1989); 
chloroform:isoamyl alcohol (49:1 v/v); isopropanol 
(BDH). 70% ethanol is stored at —20°C. ) 
Preparation of guanidine sothiocyanate (GIT) 
solution. Add 5g GIT, 5.5 ml DDW, dissolve, then 
add 0.35 ml 0.75M sodium citrate, 0.52 m] 10% 
sarcosyl and 72 ul 2-mercaptoethanol. . 


(b) Extraction of viral RNA 


1. To a sterile 2 ml screw-cap Eppendorf tube, 
add 200 ul serum using a positive displacement tp, 
and 600 p! GIT solution and mix well by vortexing; 
leave on ice for 5 min. 

2. Add 70 wl 3 M sodium acetate pH 5.2, 600 ul 
phenol, and vortex to form emulsion; then add 120 ul 
chloroform:isoamyl alcohol and vortex; store on ice 
for 5 min. 

3. Centrifuge at 13 000 g in microfuge for 5 min. 

4. Transfer upper aqueous phase to a fresh sterile 
tube containing 1p] (20 ug) tRNA, adjust volume 
to 2 ml with isopropanol, mix well and precipitate 
the RNA at —20°C overnight. 

5. Centrifuge in microfuge for 15 min (mark outer 
side of tube ‘RNA pellet’). 

6. Remove supernatant with sterile plugged trans- 
fer pipette and wash pellet three times in 70% ethanol 
at —20°C; vortex each time to ensure that pellet 
floats prior to re-centrifugation. 
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7. Remove supernatant; dry RNA pellet in 
speedivac or dry block. 
_ 8. Redissolve RNA in 11 pl sterile DDW (add the 
DDW using a plugged pipette filter tip; Sorenson). 


(c) Reverse transcription 


1. Add 4 uy! of 5x RT buffer (BRL; 1x = 50mM 
Tris-HCl pH 8.3,75 mM KCl, 3mM MgCl), 1 ul 
of 10 mM dNTP mix, 2 pl of 0.1 M DTT, I pl of 
antisense primer (10 pmol), 1 pl of MMLV-RTM 
(Superscript, BRL, 50 U/l), 11 pl of RNA solution 
(previously denatured at 65°C for 5 min and then 
immediately quenched on ice), and overlay with 
three drops of mineral oil. 

2. Spin briefly to separate oil and aqueous phases. 

3. Incubate at 42°C for 40 min, then inactivate 
RT at 94°C for 10 min. 

4. Store tubes on ice. 


(d) PCR 


1. To the incubated RT mix as above add: 5 ul of 
10x PCR buffer (1x PCR buffer = 10mM Tris-HCl 
pH 8.0 at 25°C, 50 mM KCl, 1.5 mM MgCl,), 3 wl 
10 pmol of sense primer, | i] of Amplitaq (5 U/ul) 
(Perkin Elmer), DDW 21 ul. 

2. Pulse-spin to separate phases. 

3. PCR conditions: 


94°C — 2.5 min, 55°C — ] min, 72°C — 1 min 
(first cycle); : 

94°C — 50 seconds, 55°C — 30 seconds, 

72°C — 40 seconds (35 cycles); 

94°C — 50 seconds, 55°C — 30 seconds, 

72°C —5 min (last cycle); 4°C soak. 


Analyse products by Standard agarose gel electro- 
phoresis, as described above. The specificity of the 
products can be verified by Southern or dot blot hy- 
bridization using a **P-labelled oligonucleotide probe 
internal to the position of the amplification primers 
(Fig. 10.9). 

The target and sequence of the primers and probe 
are: 


5’-non-coding region of the HCV 
RNA genome — nucleotides 1—323; 
5'-GGC GAC ACT CCA CCA 
TAG AT-3’ (1-20); 

Antsense primer: 5'“GGT GCA CGG TCT ACG 
AGA CCT-3' (323-303) 


Target: 


Sense primer: 


Probe: 5’-[*P]pCAA TTC CGG TGT 
ACT CAC CGG TTC CGC-3’; 
Product: 323 bp DNA. 


Note: Contamination can often be a major problem. 
Some of the methods used to eliminate or reduce 
contamination are discussed in Amplicon containment 
and Enzymatic inactrvation of contaminating amplicons 
above. In our hands, it is possible to minimize con- 
tamination by adherence to the guidelines of Kwok 
& Higuchi (1989) that advocate physica] separation 
of the various aspects of PCR. 


FUTURE DIRECTIONS 


While one cannot predict the future with certainty, 
there are some emerging nucleic acid-based tech- 
nologies and trends that have, in the authors’ view, a 
reasonable chance of contributing to the future of 





Fig.10.9 Agarose gel electrophoresis and Souther analysis of the amplified DNA products 
arising from HCV RNA detection by RT-PCR. The left panel shows ethidium bromide-stained DNA 
fragments corresponding to the following: lane M, lambda Psfi markers; L1—5 (in order), the 
products of RT-PCR on RNA extracted from 100 pl of the following sera, known positive control, 
known negative control, three individuals with suspected HCV infection (all found positive). The 
primers and probe are given in the text. The amplified DNA product was derived from a 323 bp 
section of the 5’-non-coding region of the viral genome. Authenticity of the products was confirmed 
indirectly by determination of their size (323 bp) and directly by Southern hybridization (nght pane! 
of figure). (By courtesy of Ms Amy Beardesley, IMVS.) 
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diagnostic microbiology. A selection of these is given 
below. 


Simple general methods for nucleic acid 
purification 


There is a great need for the development of simple 
general methods to replace the current laborious 
processes for extraction of nucleic acids from clinical 
samples prior to amplification. It is often productive 
to use analogies with existing related methods when 
devising new methods. For example, ELISA assays 
do not, in general, suffer from problems of inhibition 
(as often seen for PCR). This is simply due to the 
capture of required antigens by solid phase anti- 
bodies (and subsequent washing which would re- 
move any inhibitors) prior to detection of captured 
antigen by enzymatic means. By analogy, one could 
consider devising means for capture of nucleic acids 
prior to PCR amplification. Indeed Lew & Ponaccio 
(1992) have used histone antibodies bound to 
microtitre wells to capture eukaryote DNA (for PCR) 
followed by a bref wash to remove extraneous 
materials, including inhibitors. Extensions of the 
method can be readily envisaged, e.g. wall-bound 
DNA-binding agents (i.e. ethidium bromide, actino- 
mycin D, DNA binding proteins, etc.) may allow 
general affinity-purification of DNA. We feel that 
it is likely that the isolation of microbial nucleic acids 
will be substantially shortened by a process of rapid 
affinity-based purification. Where target is plentiful 
this approach is likely to be very useful. However, 
for specimens containing a low level of target, this 
approach will probably be too inefficient. 

An additional potential method might be based on 
the use of paramagnetic DNA-binding beads. These 
would rapidly bind DNA in solubilized specimens 
and the bound DNA could then be magnetically 
collected. Following washing and release by dena- 
turation, the purified DNA would be available for 
assay. [his option is likely to be more efficient and 
therefore useful when target numbers are expected to 
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Simplification of PCR product detection 


The lengthy and laborious nature of PCR product 
identification (and quantification) could be over- 
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the total detection assay in a single reaction vessel. 
Emerging solid-phase technology allows the com- 
pletion of amplification and product detection and 
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pneumoniae as the target organism, the DNA product 
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pending). The captured target could then be de- 
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ing as alternatives to PCR. However, for LCR the 
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be 5° phosphorylated, compared to two primers for 
PCR, is a major impediment; similarly, SDA has a 
greater number of components. 
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Staphylococcus: Cluster-forming Gram-positive 


cocci 


D. Baird 


Staphylococci, micrococci and Szomatococcus belong 
to the family Micrococcaceae. They are Gram- 
positive spherical cocci which divide incompletely 
in three perpendicular planes to form pairs, tetrads, 
short chains, and, in the case of staphylococci, char- 
acteristic clumps of varying size, fancifully likened 
to bunches of grapes (Greek staphyle, a bunch of 
grapes). The genus Aerococcus is closer to the strepto- 
cocci and is dealt with in Chapter 12; the anaerobic 
genera Peptococcus and Peptostreptococcus are discussed 
in Chapter 30. 

Staphylococci are non-motile, non-spore-forming, 
occasionally capsulate. Most are catalase positive, 
and micrococci are usually oxidase positive. With 
the exception of one species, Staphylococcus 
saccharolyticus, which is a true anaerobe, staphylococci 
and Stomatococcus ferment glucose (Hugh & Leifson 
O/F test*) and are facultatively anaerobic; micrococci 
are obligate aerobes and utilize sugars oxidatively or 
not at all in the O/F test. 

Table 11.1 gives some distinguishing features 
of the three genera, which, as shown by G+C ratios, 
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* Refer to Methods at the end of this chapter. 


are probably not closely related to one another. 
Staphylococci form a well defined taxonomic group. 
Their cell walls contain peptidoglycan (mucopeptide) 
and teichoic acids, important cell-adherence factors. 
Their peptidoglycan chains are linked by pentaglycine 
bridges (attacked by lysostaphin); micrococci do not 
have glycine residues in their peptide bridges (and are. 
resistant to lysostaphin), and neither do they possess 
teichoic acids. 

The most important human pathogen, Staphylococcus 
aureus, contains protein A, an antiphagocytic viru- 
lence factor, covalently incorporated into its cell 
wall. Most strains also contain ‘clumping factor’ 
(bound coagulase) on their outer surface, which 
binds to fibrinogen, thus causing the organisms 
to aggregate in plasma. Another (‘free’) coagulase 
causes clotting of plasma in a tube test, and distin- 
guishes this species from other human staphylococci. 
In medical microbiology the term ‘coagulase-positive 
staphylococcus’ is synonymous with S. aureus. 

The staphylococci have recently been the subject 
of intense taxonomic interest, and the number of 
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recognized species continues to increase. There are 
currently nearly 30 defined species and subspecies, 
though about half are of primarily animal origin. 
Staphylococci are widespread in nature, their normal 
habitats being the skin and mucous membranes of 
mammals and birds. Human skin is densely colo- 
nized with several of the coagulase-negative species, 
and to a lesser extent with S. aureus, whose preferred 
habitat is the anterior nares, and which is carried 
there by some 40% of adults. Micrococci are found 
both on the skin and in the environment. Stomatococcus 
mucilaginosus (the only species of Stomatococcus) is a 
member of the normal human oral flora. 

Only a few of these organisms are found with 
any frequency in clinical specimens, and fewer still 
are primary human pathogens. Most important are 
S. aureus, which can cause both superficial and deep 
pyogenic infections as well as a number of toxin- 
mediated illnesses, and the coagulase-negative 
Staphylococcus saprophyticus, an important .cause of 
- urinary tract infections in women of child-bearing 
age. 

Species of staphylococci found on human skin 
include S. epidermidis, S. haemolyticus, 8. hominis, S. 
warneri, S. capitis, S. lugdunensis, 8, cohnu, S. simulans 
and S. xylosus. All of these are opportunistic patho- 
gens, especially in patients with intravascular 
catheters, or implanted prosthetic devices, or who are 
immunosuppressed. Micrococci and Stomatococcus 
are occasionally recognized as causes of infection, 
particularly in immunocompromised patients 
(Magee et al 1990, Patey et al 1991). 

Since, with the exception of S. aureus and S. 
saprophyticus, most staphylococcal! isolates are not 
routinely speciated in the clinical] laboratory, it 1s 
not yet clear whether certain species are more likely 
than others to cause specific types of infection. How- 
ever, some associations are emerging. For example, 
S. intermedius, a primarily animal species, can cause 
infection after dog bites (Barnham & Holmes 1992). 

Stomatococcus mucilaginosus is associated with an 
aggressive endocarditis of native heart valves, and 
bacteriaemias in immunosuppressed patients. 


STAPHYLOCOCCUS AUREUS | 


Morphology and cultural characters 


S. aureus is approximately 11m in diameter, and 
divides to form the clusters characteristic of the 
genus. In liquid media, singles, pairs and short chains 
are also seen. On blood or nutrient agar, incubated 
in air for 18-24 h at the optimal growth temperature 
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of 37°C, it forms colomes 1-3 mm in diameter, 
although dwarf colonial forms are not uncommon. 
Colonies are smooth, low convex, glistening, densely 
opaque and of a butyrous consistency, sometimes 
surrounded by a narrow zone of haemolysis on blood 
agar, depending on the strain. Older colonies become 
translucent and sticky. Occasional strains are capsu- 
lated; their colonies are large, convex and glistening, 
becoming so slimy that they run over the surface of 
a tilted agar plate. 

Pigmentation is characteristic of this species when 
grown aerobically, and ranges from cream through 
buff to gold. Pigmentation is enhanced on fatty 
media such as T'ween agar,* by prolonged incuba- 
tion, and by leaving plates at room temperature. 
Non-pigmented strains are not uncommon. Grown 
anaerobically, colonies are often smaller and greyish 
in colour. ‘ 

S, aureus is tolerant of concentrations of sodium 
chloride that inhibit most other bacteria, and on 
mannitol salt agar* it forms 1 mm diameter yellow 
colonies surrounded by yellow medium due to 
acid formation. On MacConkey or CLED agars, it 
acquires the appropriate colour of the indicator, 
depending on whether or not the particular strain 
ferments lactose. 


Enzymes and toxins 


S. aureus produces many enzymes and toxins, some 
of which are undoubted virulence factors and others 
whose role is less well defined (see (sermmell 1985 
for a review). 

Structural virulence factors of S. aureus include 
protein A, capsule (some strains), and peptidoglycan. 
Enzymes include bound and free coagulases, 
nucleases, hyaluronidase, proteinase, phosphatase, 
and fibrinolysin (staphylokinase). Recently, phos- 
phatidylinositol-specific phospholipase C has been 
proposed as a new virulence factor (Marques et al 
1989), Toxins include enterotoxins A—E, toxic shock 
syndrome toxin (TSST-1), epidermolytic toxins A 
and B, haemolysins a, 8, y, 6, and Jeucocidin. 


Biochemical characters 


S. aureus ferments a range of sugars, including 
mannitol. The tube coagulase* and clumping factor 
(bound coagulase)* tests, acetoin production 
(Voges—Proskauer), gelatinase, and alkaline phos- 
phatase®* are all typically positive; indole is negative; 
urease and esterase production and lactose fermen- 


tation are variable characters, useful in the type dif- . 


ferentiation of methicillin-resistant strains (Coia et al 
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S, aureus + + + + + - - + + + 
S. epidermidis - -- - _ + - ~ - a (+) 
S. saprophyticus v - “ = - + - 4 + (+) 
S. haemolylicus — v = ~ - - - - (+) + (+) 
S. haminis Vv - - - ~ - _ +/— + (+) 
S. capitis - - - = - a = fm ae + 
S. warneri v - - - - _ - (+) + + 
S. simulans - - - - +/- _ _ (+) + +/— 
S. lugdunensis Vv - + slow ~ - -- + _ + *” 
S. cohnii _ _ = - - + - 4 + (+) 
S. xylosus v - - ~ (+) + - + - (+) 

— + Vv + ~ - ~ +/— + - 


S. intermedius 


1990). It produces a deoxyribonuclease (DNase),* 
and a heat-stable nuclease (therrmonuclease, TNase).* 

Table 11.2 gives some typical reactions of S. aureus 
and of some of the other more common staphylo- 
cocci associated with human infections. See Chapter 
7 for methods of tests not given in the Methods 
section of this chapter. 


Resistance to physical and chemical 
agents 


S. aureus and the other micrococcaceae are among 
the hardiest of the non-sporing bacteria and survive 
well in the environment under both moist and dry 
conditions, and in laboratory cultures such as sealed 
agar slopes. It withstands moist heat at 60°C for 
30 min but is killed after 60 min. It is readily 
killed by phenolic and hypochlorite disinfectants 
at standard in-use concentrations, and by antiseptic 
preparations such as hexachlorophane, chlorhexidine 
and povidone-iodine. There is some evidence that 
multiply-antibiotic-resistant strains of S. aureus are 
slightly less susceptible to some of these agents 
than ordinary strains (McLure & Gordon 1992). 


Sensitivity to antibiotics 


Most clinical isolates of S. aureus are resistant to 
benzylpenicillin, due to the production of a beta- 
lactamase that binds to the antibiotic and destroys 
its activity by opening it at the beta-lactam ring. 
Broad-spectrum penicillins such as ampicillin, amoxy- 
cillin and the ureidopenicillins are equally susceptible 
to staphylococcal beta-lactamase. Clavulanic acid 
inactivates staphylococcal beta-lactamase, and a 





combination of amoxycillin plus clavulanic acid 
(co-amoxiclav) has a place in therapy. Most of the 
cephalosporin antibiotics in current use are moder- 
ately resistant to staphylococcal beta-lactamases, 
though the newest of them are not as intrinsically 
active against staphylococci as the older ones. 

Isolates of S. aureus resistant to penicillin and 
one or two other antibiotics such as tetracycline or 
erythromycin are not uncommon, and the injudi- 
cious use of topical antibiotics such as fusidic acid or 
mupirocin rapidly selects emerging resistant strains. 

Of particular interest are S. aureus strains resistant 
to the beta-lactamase-resistant (isoxazolyl) penicillins, 
methicillin, oxacillin, cloxacillin, flucloxacillin and 
others (see Methods below). Epidemic strains of these 
methicillin-resistant S. aureus (MRSA) are usually 
also resistant to several other antibiotics. During 
the past 15 years or so the appearance and spread 
world-wide of many such clones has caused major 
therapeutic problems in many hospitals, as well as 
diverting considerable resources to attempts at con- 
trolling their spread (see Duckworth 1989, Marples 
& Reith 1992, for reviews). 

Methicillin resistance is a complex property, and 
more than one mechanism is involved (Fung-Tome 
et al 1991, Smith 1992, Varaldo 1993). Strains of 
MRSA that are beta-lactamase-negative can appear 
‘penicillin-sensitive, methicillin-resistant’ on testing 
(Richardson & Quoraishi 1990). 

For clinical purposes, an isolate of S. aureus 
should be regarded as either sensitive or resistant 
to methicillin regardless of the underlying mecha- 
nism. In addition, it is important to appreciate that 
methicillin resistance implies resistance to all beta- 
lactam antibiotics, including the cephalosporins, 
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even though disc sensitivity tests may show zones 
of inhibition. 

The phenomenon of antibiotic tolerance is occa- 
sionally encountered when the minimum inhibitory | 
concentration (MIC) and minimum bactericidal 
concentration (MBC) of an antibiotic is determined 
for a freshly isolated strain, for example from a 
case of endocarditis. Tolerance implies dissociation 
_ between the MBC and the MIC, so that the former 


exceeds the latter by a factor of 32-to-1 or greater. 


No entirely satisfactory explanation has been given 
for the phenomenon, which tends to disappear on 
subculture of the organism, and its clinical significance 
is. uncertain.. | 

Resistance to other antibiotics is achieved by a 
number of different mechanisms, depending on the 
class of antibiotic; these include membrane imper- 
meability, alteration of the target site, and enzymic 
degradation of the antibiotic. For a full discussion 
of the genetic basis of antibiotic resistance in 
S. aureus see Lyon & Skurray (1987). 

Multiple antibiotic resistance has profound impli- 
cations for the treatment of staphylococcal) infec- 
tions. So far, all S. aureus strains remain sensitive 
to the glycopeptide antibiotics vancomycin and 
teicoplanin, which are the mainstay of treatment 
of serious MRSA infections. 


S. aureus infections 


S. aureus is far and away the most important human 
staphylococcal pathogen. Strains capable of invading 
intact normal skin are rare and most are able to 
cause infection only if they enter through breaks in 
the skin. Localized infections sometimes progress to 
systemic infections, while ‘spontaneous’ bacteraemias 
also occur without an evident septic focus, parti- 
cularly in patients debilitated by such illnesses as 
chronic hepatic or renal disease, or diabetes mellitus. 
Some of the commoner infections caused by S. aureus 
include the following. 

Pyogenic infections: folliculitis, impetigo, furuncles, 
carbuncles, breast abscess, post-operative wound 
infections, cellulitis (skin and soft tissue); pyomyo- 
sitis, psoas abscess (muscle); osteomyelitis, septic 
arthritis (bone); bronchopneumonia (especially post- 
influenzal), lung abscess, empyema (pulmonary); 
acute endocarditis of aortic or mitral valves, and of 
the tricuspid valve in intravenous drug users (cardiac). 

Disseminated infections: septicaemia, often with 
consequent metastatic secondary foci. 

Toxin-mediated illnesses: toxic shock -syndrome, 
staphylococcal scalded skin syndrome, staphylococcal 
food-poisoning. 
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Typing of S. aureus 
The classical method of typing S. aureus for epide- 


_-miological purposes is phage-typing. (see - Parker 


1983 for a full discussion). Table 11.3 lists the 
International Basic Set of human staphylococcal 
phages. It is important to realize that the strength 
of the method is more to demonstrate differences 
between strains than to confirm relatedness. This is 
particularly apparent in the case of MRSA, most 
typable strains of which type with phages of group II, 
or I and III. 

Strategies for the phage-typing of nbd-typeble 
strains of staphylococci include heat-shock (Dowsett 
et al 1984), reserve phage-typing (Dancer et al 1988) 
and the use of supplementary phages for MRSA 
(Richardson et al 1988). MRSA have provided the 
impetus to explore new methods of typing S. aureus. 
These include plasmid profiles and restriction endo- 
nuclease analysis (Coia et al 1988), chromosomal 
DNA analysis (Jordens & Hall 1988), pulsed field 
gel electrophoresis (Prevost et al 1992), DNA 
hybridization (Wei et al 1992), ribotyping (Prevost 
etal 1992), SDS-PAGE of exported proteins (Costas 
et al 1989), immunoblotting (Lee & Burnie 1988), 
simple biotyping (Coia et al 1990) and antibiotic re- 
sistance phenotyping (Gillespie et al 1990). ‘The last 
two could easily find a place in the clinical laboratory. 


Diagnosis of S. aureus infections 


The mainstay of diagnosis of S. aureus infections is 
isolation of the organism from appropriate speci- 


“mens. Where a chronic deep-seated infection is 


suspected, such as osteomyelitis or septic arthritis, 
measurement of antibodies to teichoic acid may be 
useful (Gemmell et a] 1987). 

In cases of suspected food-poisoning, in addition 
to attempting to isolate the organism from the vomitus 
or faeces of ill people, and from the incriminated 
food, the latter should be examined for enterotoxin. 
In cases of suspected toxic-shock syndrome, S. aureus 
isolated from a vaginal swab or other site should 
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be examined for its ability to produce toxic-shock 
syndrome toxin or enterotoxin.* 

S. aureus is hardy and is usually easy to recover 
from swabs, pus, tissue and blood cultures, collected 
and delivered with normal care. Swabs taken from 
the anterior nares, skin and dry environmental 
sources should first be moistened with sterile water 
or saline. 

Fluid specimens such as pleural and joint aspirates, 
CSF, etc., may usefully be inoculated into blood 
culture broths by aseptic techniques. 

Routine culture methods are normally adequate 
for the isolation of this organism as it grows readily 
on blood, ‘chocolate’ and nutrient agar, and on 
MacConkey and CLED agar, though rare thymidine- 
dependent strains do not (Gilligan et al 1987). Se- 
lective salt cooked meat broth” or nutrient broth 
containing 5—10% salt incubated at 37°C for 2448 h 
is valuable for recovering small numbers of S. aureus, 
e.g. from suspected MRSA carriers. 


ISOLATION AND IDENTIFICATION OF 
S AUREUS FROM CLINICAL 
SPECIMENS 


Pus, swabs, centrifuged deposit from 
fluids 


1. Prepare and examine a Gram film of the 
specimen. 
2. Inoculate the specimen on to two blood agar 


‘plates (one aerobic with 5% CO,, the other anaero- 


bic), MacConkey agar (aerobic), and cooked meat 
medium. 

3. Incubate at 37°C for 18-24 h. 

4. If no growth on plates, subculture cooked 
meat broths showing growth on to fresh blood and 
MacConkey plates. 

5. Examine plates for typical staphylococcal colo- 
nies, If in doubt, perform Gram stain and catalase 
test. 

6. Perform a slide test (clumping factor or kit 
test)* for S. aureus, 

7. If slide test is negative or uninterpretable, or 
if a slide-positive, tube coagulase-negative staphylo- 
coccus is suspected, perform a tube coagulase test.* 

8. If identity still equivocal, perform other tests, 
e.g. DNase,* TNase,* phosphatase,* RAPIDEC staph.* 

9. Perform antibiotic sensitivity tests appropriate 
to the clinical situation. 

10. Subculture if required for further tests as 
dictated by the clinical situation, e.g. phage typing, 
enterotoxin testing,* biotyping,” etc. 


STAPHYLOCOCCUS: 3 


To detect small numbers of S. aureus, 
e.g. in nasal and skin swabs from 
suspected MRSA carriers 


1. Inoculate specimen into cooked meat broth with 
added 10% sodium chloride* and on to half plates 
of mannitol salt agar (MSA),* or, to select MRSA, 
MSA with methicillin (Thornsberry & McDougall 
1983), or MSA with methicillin/polymyxin* (van Enk 
& Thompson 1992). Incubate aerobically at 37°C. 

2. Inspect plates after 24h. If growth is scanty, 
re-incubate for a further 24h. 

3. Examine broths daily for up to 72h, and sub- 
culture to mannitol salt agar when growth is obvious. 

4, Examine plates for yellow colonies surrounded 
by yellow medium. Pick one or more representative 
colonies for a tube coagulase test* (not a slide test) 
and appropriate sensitivity tests, and to a blood agar 
plate for further testing if required. 


Blood cultures and fluids inoculated into 
broths 


1. If using a system that automatically registers 
positive growth, sample bottles as indicated. If using 
ordinary bottles, sample aseptically after 24, 48 and 
72h, and again before discarding (usually at 7 days). 

2. Prepare and examine a Gram film. 

3, If Gram-positive cocci are seen, subculture to 
blood agar (aerobic plus CO., and anaerobic) and 
‘chocolate’ (heated blood) agar, and perform appro- 
priate disc sensitivity tests on suitable medium 
(e.g. DST/lysed blood) using one drop of the blood 
broth as inoculum and spreading with dry swab. 


Rapid S. aureus identification tests on 
cocci in blood culture broths 


S. aureus can sometimes be detected rapidly from 
blood culture broths after centrifugation. Two methods 
can be used; the first is quicker, the second gives a 
cleaner preparation. 


Direct centrifugation (Mitchell et al 1991) 


1. Remove approximately 10 ml of blood broth 
and add sterile distilled water to 20 ml, to lyse red 
blood cells. 

2. Centrifuge at 1000 g for 10 min. 

3, Discard the supernatant, and use the pellet 
for the aurease test in the RAPIDEC staph” kit. 


Differential centrifugation 
1. Withdraw approximately 10 ml of blood broth 
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from the bottle and centrifuge at low speed, e.g. 
150 g, for 10 min to sediment blood cells, 

2. Carefully remove the supernatant and centri- 
fuge at 1000 g for 15 min to pellet the bacteria. 

3. Remove and discard the supernatant. 

4. Resuspend the pelleted bacteria in 0.5—] ml of 
sterile distilled water. 


This suspension can be used for the following tests: 
slide agglutination,* tube coagulase,* heat-stable 
thermonuclease,* RAPIDEC staph,* API STAPH,* 
and antibiotic sensitivities. 


Examination of isolates or food samples 
for enterotoxins 


Latex agglutination tests are convenient for this 
purpose, and are described in Methods.* 


COAGULASE-NEGATIVE 
STAPHYLOCOCCI 





The animal species S. intermedius and S. hyicus are 
tube coagulase positive, and bound coagulase is 
found in S. /ugdunensis and some other species, but 
for clinical laboratory purposes the term ‘coagulase- 
negative staphylococci’ embraces all species other 
than S. aureus, and replaces the now obsolete term 
*S. albus’. 


Morphology and cultural characters 


They all form clusters, and colonies on solid media 
are similar to those of S. aureus although often 
smaller, and are grey or white in colour, though some 
may be slightly pigmented, usually cream or yellow, 
e.g. S. saprophyticus and S. haemolyticus. Occasional 
mucoid (capsulate) strains are encountered. If plates 
are incubated for a few days, differences in colonial 
appearance between species in a mixed culture 
become apparent: their appearance can then be a 
useful supplementary character for the identifi- 
cation of some species (Kioos & Lambe 1991). On 
mannitol] salt agar,* they form small orange colonies 
surrounded by red or purple medium. 


Enzymes and toxins 


Until comparatively recently regarded as essentially 
non-pathogenic, these staphylococci are increasingly 
recognized as potential pathogens in the setting of 
contemporary medicine, and some of them have 
been shown to possess virulence factors similar 
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to those of S$. aureus (Gemmell & Schumacher- 
Perdreau 1986). 

Of particular interest is the ability of some strains, 
notably of S. epidermidis, to produce ‘slime’, a com- 
plex glycoprotein, important in the ability of these 
strains to colonize foreign bodies such as vascular 
catheters or indwelling prostheses. Slime-producing 
colonies become encased in an. extracellular ‘glyco- 
calyx’, rendering them insusceptible to antibiotics 
(Bayston & Rodgers 1990). Various methods for 
the detection of slime have been described, not 
always correlating with each other (Christensen et al 
1982, Ludwicka et al 1984). Some authors have 
regarded slime production as a very significant 
attribute of pathogenicity (e.g. Davenport et al 1986, 
Gunn 1989). Others however have not found a clear 
correlation between slime production and virulence 
(Wynne Jones et al 1992, Ludlam et al 1989b). 
Differences in methodology may partly account for 
these discrepancies (Hussain et al 1992). 


Biochemical characters 


Kloos & Schleifer (1975) described a method for 
identifying micrococcaceae which established the 
current classification of the family into multiple 
species of staphylococci and a few species of micro- 
cocci. ‘This has largely superseded the earlier biotyping 
scheme of Baird-Parker (1965). ‘Table 11.2 gives some 
of the reactions of some of the commoner species 
that have been associated with human infections. 
The hardiness of S. aureus in resisting physical 
and chemical] agents is shared by the other species. 


Sensitivity to antibiotics 


Much of the discussion of antibiotic resistance in 
S. aureus applies equally to the coagulase-negative 
staphylococci. Methicillin resistance is mediated by 
a mecA gene closely related to that of S. aureus. 
Multiple antibiotic resistance is characteristic of 
hospital strains of coagulase-negative staphylococci, 
which tend to carry many plasmids when freshly iso- 
lated. Of great interest and concern is the fact that 
resistance plasmids are transferable between different 
strains of coagulase-negative staphylococci and also 
between them and S. aureus (Udo et al 1992). Vanco- 
mycin resistance has already emerged on a small 
scale in coagulase-negative staphylococci (Veach et al 
1990), and resistance to the newer glycopeptide anti- 
biotic teicoplanin is not uncommon in S. haemolyticus 
(O°’Hare & Reynolds 1992), a species which tends 
in any case to be among the most antibiotic resistant 
of the coagulase-negative staphylococci. 
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infections with coagulase-negative 
staphylococc! 


Community-acquired coagulase-negative staphylo- 
coccal infections are due mostly to one species, the 
inappropriately named S. saprophyticus, which 1s 
an important cause of urinary-tract infections in 
younger, sexually active women. Other species cause 
opportunistic infections such as endocarditis of pros- 
thetic heart valves, and native valve endocarditis is 
now also well documented (Etienne & Eykyn 1990). 
S. lugdunensis seems to be particularly aggressive 
(Vandenesch et al 1993). S. warneri also causes endo- 
carditis (Wood 1992). S. intermedius, which, being 
coagulase-positive, can be confused with S. aureus, 1s 
an important animal species, and has been isolated 
from infected dog bites (Talan et al 1989, Barnham 
& Holmes 1992). 

Hospital-acquired infections are due mostly to 
S. epidermidis and usually result from the colonization 
of prosthetic materials in patients with vascular 
catheters or implanted prostheses. Studies have 
shown that patients admitted to wards such as car- 
diac, orthopaedic or neonatal intensive care acquire 
the coagulase-negative staphylococci endemic in 
these units, carried by staff and other patients, and it 
is these resistant strains that give rise to hospital- 
acquired infections (Powell & Sanderson 1987). ‘The 
use of prophylactic antibiotics for surgery also selects 
out resistant strains (Archer & Armstrong 1983). 

Some of the commoner problems encountered 
involve intravascular catheters, especially central 
venous lines, haemodialysis shunts, peritoneal dialysis 
catheters, cerebrospinal fluid shunts, cardiac pace- 
maker wires, prosthetic cardiac valves, prosthetic 
joints, and vascular grafts. Many of these infections 
are only resolved by removal of the colonized device, 
although a glycopeptide antibiotic is sometimes 
successful in controlling them, at least temporarily. 

Sternotomy wound infections, and bacteraemias in 
immunosuppressed adults or in premature neonates 
are other common problems. Indeed, coagulase- 
negative staphylococci have become the commonest 
pathogens in neonatal intensive care units and 


present special problems both of diagnosis and 


management (Hall 1991, Nystrom et al 1992). 


Typing of coaguiase-negative 
staphylococci 


Since the epidemiology of infections by coagulase- 
negative staphylococci is different from that of 
S. aureus, attempts at demonstrating cross-infection 
by typing of isolates are not routine. However, 


phage-typing is offered by some reference labora- 
tories, and experimental methods include plasmid 
and genomic DNA analysis, ribotyping, DNA hy- 
bridization, immunoblotting, SDS-PAGE (Maggs 
& Pennington 1989), lectin-binding assay (Jarlov et 
al 1992), and pyrolysis mass spectrometry (Freeman 
et al 1991). 


Diagnosis of coagulase-negative 
staphylococcal infections 


In contrast to the situation with S. aureus, where 
its pathogenic role is rarely in doubt when it is 
isolated from a clinical specimen such as blood or 
pus, there are often real difficulties in interpreting 
the significance of coagulase-negative staphylococci 
isolated from clinical specimens. Being skin com- 
mensals, they are by far the commonest contami- 
nants of blood cultures or wound swabs, and 
knowledge of the particular clinical situation 1s often 
essential in making a judgement. Thus, they are 
rarely significant when isolated from sputum, skin 
or nasal swabs, but may well be significant when 
isolated from wound swabs, pus or blood cultures, 
especially if foreign material is present. In the case 
of febrile patients who have central venous catheters 
or prosthetic heart valves, for example, several sets of 
blood cultures should be taken, and cultures of blood 
taken through catheters as well as by venepuncture 
may be helpful. Quantitative blood culture methods 
have been advocated in this situation (Fan et al 1989), 
though these are not generally used as a routine. 
Coagulase-negative staphylococci are the com- 
monest cause of peritonitis in patients undergoing 
peritoneal dialysis, although at the onset of the infec- 
tion they may be present in small numbers and difh- 
cult to recover. Culture of a spun deposit from an 
adequate volume of dialysate (e.g. 40 ml) 1s recom- 
mended, and an aliquot of dialysate can be inocu- 
lated into nutrient broth or a set of blood culture 
bottles (see Ch. 4). Some workers find that a cell- 
lysing technique improves the recovery rate, and a 
simple method is given by Ludlam et al (1990). 


identification of coagulase-negative 
staphviococci 


Evidence is accumulating that different species of 
coagulase-negative staphylococci may be associated 
with different specific infections. Speciation of 1s0- 
lates by standardized methods should -clarify such 
relations. In practice however, speciation of staphylo- 
cocci in most clinical laboratories is confined to 
S. aureus and S. saprophyzicus, and perhaps S. 
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epidermidis, the others being reported as coagulase- 
negative staphylococci. This is preferable to calling 
all the latter ‘S. epidermidis’. See Methods below for 
test procedures. : 


Isolates from blood, pus, wound swabs 


1. Examine the staphylococcal isolate with a slide 
test for clumping factor.*, 

2. If negative, consider in the light of local 
knowledge whether it could be a slide-test-negative 
S. aureus. If so, do a tube coagulase test.* 

3. If coagulase negative, decide whether it is 
probably a contaminant or if it could be clinically 
significant. . | 

4. If the former, report according to laboratory 
policy as ‘coagulase-negative staphylococcus’, ‘skin 
contaminant’, ‘normal skin flora’, etc., as appropriate. 

5. If possibly significant, report as ‘coagulase- 
negative staphylococcus’, or proceed to further 
identification (e.g. by API STAPH*), and perform 
appropriate sensitivity tests. | 


isolates from urine 


Perform sensitivity test against a novobiocin 5 Ug 
disc.* If resistant, report as S. saprophyticus, otherwise 
as “coagulase-negative staphylococcus’. 


MICROCOCCI AND STOMATOCOCCUS 
MUCILAGINOSUS 
Micrococci and Stomatococcus mucilaginosus are some- 
what larger than staphylococci, and are arranged 
in pairs, tetrads and cubical packets. Colonies of 
micrococci are domed and often brightly pigmented, 
mostly yellow. Stomatococcus mucilaginosus grows as 
adherent, small, domed, greyish brown colonies of a 
marked rubbery consistency so that strings are 
produced when a loop makes contact with a colony 
and is then withdrawn. 


METHODS FOR ANTIBIOTIC 
SENSITIVITY TESTS 


standard methods of sensitivity testing (Ch. 8) by 
disc diffusion or breakpoints on agar, such as |so- 
sensitest, are adequate for staphylococci, with the 
exception of methicillin testing. Suitabie antibiotics 
and disc strengths for the comparative method, using 
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the ‘Oxford’ staphylococcus, NCTC 6571, are as 
follows: 


tins dea First-line’... —.. .. “Second-line’/topical — 
Benzylpenicillin 1u¢ Vancomycin 30 jg 
Methicillin 5 ug Rifampicin 1 Wg 
Erythromycin 59 Netilmicin 10 ug 
Fusidic acid 10,9 Mupirocin 5 wg 
Gentamicin. 10yg Chloramphenicol 30 ug 


Clindamycin. This is still a useful antistaphylo- 
coccal antibiotic. When testing it, place a 2 ug disc in 
the spare space on the first line set, next to the 
erythromycin 5g disc. By this means constitutive 
macrolide resistance can be distinguished from induc- 
ible resistance. Constitutively resistant strains grow 
up to both discs; with inducible resistance there is a 
zone around the clindamycin disc which is flattened 
on the side next to the erythromycin disc, which is the 
inducer. 

Zones of inhibition. These may be quite large 
around a penicillin 1 ug disc even when the organism 
is a beta-lactamase producer. With resistant organisms 
however the edge of the inhibition zone is heaped up, 
or bordered by large colonies, and is quite different 
from the smoothly tapering edge given by penicillin- 
sensitive strains. | 


Methicillin resistance 


A selection of methods follows. It is not possible to 


give recommendations as to one single method that 
will reliably detect methicillin resistance in all strains 
of S. aureus and coagulase-negative staphylococci. 
Mechanisms and degree of expression of methicillin 
resistance vary. It is suggested that various methods 
be tried and one or two selected that give reliable 
results with local strains. 

With intrinsically methicillin-resistant strains, the 
need is to encourage growth of the slower-growing 
methicillin-resistant minority population. Time-honoured 
methods of adding extra sodium chloride to the 
medium, using a heavy ‘inoculum, or prolonging the 
incubation period are not infallible, as they tend to 
make sensitive strains appear resistant. On the other 
hand, with standard media, inocula, and incubation 
times and temperature, methicillin resistance may be 
missed. 

Suspect as being possibly methicillin-resistant 
any isolate showing resistance to more than penicillin, 
even if the method used makes it appear sensitive. 
In these circumstances, repeat methicillin testing with 
an alternative method. Where zones of inhibition are 


difficult to interpret, look for scattered colonies or faint 


growth within the zone. -— 
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Strip test for methicillin resistance 


Streak-inoculate plates of Isosensitest agar with the 
organisms to be tested and controls, up ta five streaks 
per plate. Lay a methicillin 25 ug strip perpendicularly 
across the streaks, and incubate at 30°C for 18h. 
Repeat equivocal results using a disc method or with 
the E test (Difco). 


Disc tests for methicillin resistance 


Use a methicillin 5g disc for these tests. Isolates 
showing modest reductions in methicillin zone sizes, 
especially when otherwise resistant only to penicillin, 
may be ‘borderline’ methicillin resistant, due to hyper- 
production of beta-lactamase. Test them against a 
co-amoxiclav 3 1g disc, to which they should appear 
sensitive. 


1, Use Isosensitest agar with the ‘first line’ set of 
discs, including methicillin, and incubate at 30°C for a 
full 24 h. 

2. Use a separate plate for methicillin testing with 
Mueller-Hinton, nutrient or Columbia agar and incu- 
bate at 30°C for up to 40 h (Milne et al 1993). 

3. Use Mueller-Hinton agar incubated at 35°C 
for 24h (Kloos & Lambe 1991). Some batches of 
Mueller-Hinton do not perform reliably, and they must 
be quality-controlled with known sensitive and resistant 
strains. 

4. Use Mueller-Hinton or Columbia agar supple- 
mented with an additional 5% sodium chloride and 
incubate at 35°C for up to 40 h (Milne et al 1987). 

5. Use DST agar with a final salt concentration of 
4% and incubate at 30°C for 18h (Jolly & Goldberg 
1989). 


Test on methicillin agar 


Streak-inoculate plates of Mueller-Hinton agar con- 
taining 4% sodium chloride and 6 mg/litre oxacillin or 
10 mgj/litre methicillin, and incubate at 35°C for 24h 
(Thornsberry & McDougal 1983). By this method, 
Kobayashi et al (1993) found that all isolates that 
grew on the medium possessed the mecA gene. 


The E test for methicillin resistance 


The E test (Difco) consists of strips mpregnated with 
a continuous gradient of antibiotic. When laid on a 
plate inoculated with a test organism an elliptical zone 
of growth inhibition is obtained after incubation, and 
the MIC is read where the ellipse intersects the 
strip. Using methicillin strips on Mueller-Hinton agar 
supplemented with 2% sodium chloride, Novak et al 
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(1993) found that the test correctly identified all their 
MRSA isolates. 


Breakpoint tests 


There is debate as to whether breakpoint methods 
are reliable for methicillin testing, for some strains 
appear sensitive or resistant depending on test con- 
ditions. For general particulars of the method see 
Chapter 8. A minimum inhibitory concentration of 
methicillin greater than 4 mgj/litre is the generally 
accepted definition of methicillin resistance. 


METHODS: SELECTIVE MEDIA 


Salt cooked meat broth 


Cooked meat broth (Ch. 5) with extra sodium chloride 
to a final concentration of 10% is relatively selective for 
the growth of staphylococci. It is useful for preliminary 
enrichment for the isolation of small numbers of the 
cocci from heavily contaminated materials. 


Mannitol salt agar 


This selective and indicator medium contains mannitol 
1% and sodium chloride 7.5% with phenol red as 
indicator of acid production. S. aureus and other 
staphylococci that ferment mannitol (Table 11.2) form 
colonies that turn the indicator yellow. 


Mannitol salt agars selective for MRSA 


1. To mannitol salt agar add oxacillin 6 mgj/litre or 
methicillin 10 mg/litre (Thornsberry & McDougal 1983). 
2. To mannitol salt agar add oxacillin 6 mg/litre and 
polymyxin B 10 mg/litre (van Enk & Thompson 1992). 


METHODS FOR IDENTIFICATION TESTS 


Because some coagulase-negative staphylococci 
and micrococci grow poorly under conditions in the 
standard biochemical tests (O/F, sugar, acetoin and 
catalase tests, Ch. 7), modified methods to demon- 
strate their distinguishing characters (Tables 11.1 and 
11.2) have been recommended by Baird-Parker (1966, 
1979) and are given below. 


Modified Hugh & Leifson O/F test 


1. Prepare a medium containing per litre: Difco 
tryptone 109, Difco yeast extract 1g, glucose 109, 
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bromocresol purple 0.049, Difco agar 2g, pH 7.2. 
Distribute in 10 ml amounts in 15 x 1.3.cm tubes and 
autoclave at 115°C for 20 min. If stored, steam briefly 
at 100°C and cool quickly before use. | a 

2. Inoculate the culture under test into two tubes 
of the medium by stabbing down their whole length 
with a long wire loop. 

3. Cover one of the pair of stab cultures with a 
layer of sterile liquid paraffin at least 2.5cm deep 
and incubate both tubes at 37°C for 5 days. 

4. Read yellow colouration as acid production from 
glucose. Staphylococci produce acid by fermentation 
throughout the depth of the medium both in the anaero- 
- bic tube sealed with paraffin and in the aerobic, un- 
sealed tube. Micrococci either fail to.produce acid in 
either tube or produce it only by oxidation in me 
upper part of the aerobic tube. 


Sugar fermentations 


1. Prepare a medium containing per litre: yeast 
extract 2g, NH,HsPO, 19, KCi 0.29, MgSO,.7H,O 
0.2 g, bromocreso| purple 0.04g, agar powder 1g, 
pH 7.0. Alternatively, use Purple Agar Base (Difco). 
Autoclave at 121°C for 15 min. 

2. While the medium is still molten at 46—48°C, add 
a 10% solution of the sugar (e.g. mannitol, trehalose) 
sterilized by filtration to give a final concentration of 
1% sugar in the medium. Pour 20 ml volumes i in Petri 
dishes and dry off surface moisture. 

3. Streak-inoculate up to four broth cultures under 
test on each plate and incubate at 30°C for 5 days. 

4. Examine the plates daily for an acid (yellow) 
colour change, which may become reversed on 
continued incubation. 


Acetoin productioi 


1. Prepare a medium containing per litre: tryptone 
10 g, Oxoid Lab-Lemco meat extract 3 g, yeast extract 
1g, glucose 20g, pH 7.2. Distribute in 5 ml amounts 
into 25ml screw-capped bottles and autoclave at 
115°C for 20 min. 

2. Inoculate a drop of broth culture of the strain 
under test into a bottle of the medium and incubate at 
30°C for 14 days. 

3. Add 1 mi of 40% potassium hydroxide and 3 ml 
of a 5% solution of alpha-naphtho! in ethanol and 
shake vigorously for at least 30 seconds.. 

4. Read a reddening of the supernate within 
5-10 min as indicating the production of acetoin. 


Catalase production 


1. Prepare a medium containing per litre: Difco 
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Bacto peptone 10g, Difco yeast extract 1g, glucose 
10g, NaCl 5g, agar powder 1.5g, pH 7.1. Autoclave 


ate 121°C for 15 min. 


2. Grow the culture under test on this medium over- 
night at 37°C. Then transfer a small portion on a clean 
platinum wire or glass rod into a tube containing 3% 
(v/v) hydrogen peroxide and watch for the evolution 
of bubbles indicative of catalase activity. 


Bacitracin sensitivity 


Originally intended for the rapid identification of group 
A streptococci (Ch. 12), this test distinguishes staphy- 
lococci (resistant) from micrococci and stomatococcus 
(sensitive). The method of Falk & Guering (1983) is 
as follows. 

Spread a suspension of the bacterium over a plate 
of sensitivity test medium. Apply a Taxo A disc con- 
taining bacitracin 0. 04 units i} and incubate 
overnight. 

Most staphylococci grow up to the disc or show 
an inhibition zone less than 10 mm in diameter. Micro- 
cocci show an inhibition zone generally 10-20 mm in 
diameter. 


Lysostaphin sensitivity 


This test (Geary & Stevens 1986) distinguishes 
staphylococci (sensitive) from micrococci (resistant). 


1. Emulsify the bacteria under test in 2 ml phos- 
phate-buffered saline pH 7.3 (Ch. 47) to a concen- 
tration equivalent to McFarland's: opacity standard 
no. 1 (c. 3 x 10° bacteria/ml, Ch. 48). 

2. Divide the suspension into two portions. To one, 
add a Lysostaphin disc (Roche) and shake vigorously. 
The other is the control. 

3. Incubate both portions in a water-bath at 37°C 
for 2h. Clearing of the test suspension relative to the 
control indicates sensitivity to lysostaphin. 


Novobiocin sensitivity 


‘Its resistance to novobiocin distinguishes S. sapro- 


phyticus from other clinically important staphylococci. 


1. To molten medium prepared as described above 
for the catalase test, add a filter-sterilized solution 
of novobiocin to give a concentration of 1.6 mg/litre 
and pour plates. 

2. Streak-inoculate the cultures under test on to a 
plate of the medium, incubate aerobically at 37°C for 
24h and examine for the presence (resistant) or 
absence (sensitive) of growth. 
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In routine identification of staphylococci from urine, 
it is generally sufficient to test. by including a 5g 
novobiocin disc in the disc diffusion test for antibiotic 
sensitivities. S. epidermidis shows a large zone of 
inhibition of growth, e.g. over 15mm in diameter 
around a 7mm disc, while S. saprophyticus shows 
a much smaller zone or grows right up to the disc. 


Slide coagulase and kit tests 


These rapid tests detect ‘bound coagulase’ (clumping 
factor) and some also detect protein A and other 
cell components. They are the main methods used to 
identify S. aureus in clinical laboratories. They are often 
adequate by themselves, but about 15% of ordinary 
strains of S. aureus and many more of MRSA give 
negative reactions in them, and a few species of 
coagulase-negative staphylococci give positive reac- 
tions. All laboratories should therefore have a reliable 
tube coagulase test (see below) as the definitive test 
for S. aureus. 

The following slide and kit tests should be done 
on fresh isolates of staphylocccci from non-selective 
medium. 


Slide coagulase test 


This test (Williams & Harper 1946) detects clumping 
factor present in S. aureus and absent from most 
other staphylococci. The reagent is either rabbit or 
human plasma. 

Rabbit plasma may be obtained by centrifuging blood 
to which 0.1% ethylenediaminetetraacetic acid (EDTA) 
has been added as anticoagulant. Alternatively, it may 
be obtained lyophilized from a commercial supplier 
(bioMerieux) and reconstituted by the addition of water. 

Citrated human plasma may be obtained from a 
blood bank, but the blood must have been screened 
and found free from viral (hepB, HIV) antigens and 
antibodies. It must be handled with the precautions 
appropriate for all human bodly fluids. 

Siore the plasma in small portions at —-20°C and keep 
a stock of in-use plasma at 4°C, bringing it to room 
temperature before use. 


1. Emulsify a staphylococcal colony in a drop 
of water on a microscope slide with a minimum of 
spreading. if the isolate does not form a smooth, miiky 
suspension, do not proceed with the test. 

2. Make similar suspensions of control positive and 
negative strains to confirm the proper reactivity of the 
plasma. 

3. Dip a flamed and cooled straight inoculating 
wire into the undiluted plasma at room temperature, 
withdraw, and stir the adhering traces of plasma (not 
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a loopful) into the staphylococcal suspension on 
the slide. Flame the wire and repeat for the control 
suspensions. 

4. Read as positive a coarse clumping of cocci 
visible to the naked eye within 10 seconds. Read as 
negative the absence of clumping or any reaction 
taking more than 10 seconds to develop, but re- 


examine any slow-reacting strains by the tube test. 


Kit slide tests for S. aureus 


Staphylase (Unipath) and Staphyslide (bioMérieux) 
contain sheep red cells sensitized with fibrinogen, and 
detect clumping factor. Staphaurex (Murex) contains 
latex particles sensitized with both fibrinogen and im- 
munoglobulin G; it detects clumping factor or protein 
A or both these factors. Slidex Staph-Kit (bioMeriéux) 
contains red cells sensitized with fibrinogen and latex 
particles sensitized with monoclonal antibodies to 
surface antigenic proteins of S. aureus. Al! kits except 
Staphaurex contain negative (unsensitized) control 
reagents. 

These tests are performed in the same way. Stir a 
colony of the staphylococcus into drops of the con- 
trol and active reagents on a card or slide, and observe 
for coagglutination within the stated time period. 

None of the kit tests is completely specific for or 
sensitive for S. aureus, and many MASA strains fail 


to react (see review by Rossney et al 1990). 


A new reagent, Pastorex Staph-Plus, consisting of 
latex coated with fibrinogen and IgG, and latex coated 
with monoclonal antibodies to S. aureus capsular 
polysaccharides, was found by Fournier et al (1993) 
to be more reliable than other tests for the MRSA 
strains they examined. 


Tube coaguiase test 


This test for S. aureus, modified from Gillespie (1943), 
can be performed with rabbit or human plasma ob- 
tained as for the slide test. Rabbit plasma is preferable, 


‘as it gives better clotting, is free from inhibitors and 


is safe. A further disadvantage of human plasma is 
that the anticoagulant is sodium citrate, and some 
citrate-utilizing bacteria such as Enterococcus faecalis 
can destroy the anticoagulant and cause clotting. 
False-positive or faise-negative resuits can occur if 
the plasma is not sterile. 


Tube method 1 


1. Prepare a 1-in-6 dilution of the plasma in saline 
(0.85% NaCl) and place 1 mi volumes of the diluted 
plasma in small tubes. 
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2. Emulsify a colony of the staphylococcus under 
test in a tube of the diluted piasma. 

3. With each batch of tests include tubes with known 
coagulase-positive and coagulase-negative cultures 
as controls, and a tube of unseeded diluted plasma 
to confirm that it does not clot spontaneously. A 
weakly positive culture, e.g. of strain NCTC 6571, Is 
the most useful positive control. 

4. Incubate the tubes at 37°C, preferably in a 
water-bath, for up to 4h. 

5. Examine at 1, 2 and 4h for clot formation by 
tilting the tube through 90°. (Clots may liquefy after 
their formation.) 

6. Leave negative tubes at room temperature over- 
night and re-examine. This step is essential, for some 
strains of S. aureus, including many MRSA, produce 
a delayed clot which is rapidly lysed at 37°C by the 
organism's staphylokinase. 

7. Read as positive any degree of clot formation. 
Often the plasma is converted into a stiff gel that 
remains in place when the tube is tilted or inverted, 
but sometimes clots are seen floating in the fluid. Read 


__ as negative tubes in which the plasma remains wholly 


liquid or shows only a flocculent or ropy precipitate. 


Tube method 2 


Grow the staphylococcus to be tested in brain—heart 
infusion broth overnight at 37°C. Add 0.1 mi! of this 
culture to 0.5 ml of undiluted plasma in a small tube 
and proceed as in method 1 above. 


Deoxyribonuclease (DNase) test 


Most strains of S. aureus hydrolyse DNA and give 
positive reactions in this test, but some MRSA strains 
do not and some coagulase-negative staphylococci 
give weak reactions. The test may be helpful in iden- 
lifying strains that give doubtful reactions in the tube 
coagulase test. The method is modified from Jeffries 
(1961). 


1. Prepare DNA agar (e.g. Oxoid DNase Agar) 
containing per litre: tryptose 20g, deoxyribonucleic 
acid 2g, sodium chloride 5g, agar powder 12g, pH 
7.3. Autoclave at 121°C for 15 min, mix well and pour 
in plates. 

2. After setting and drying off surface moisture, 


divide each plate into 6-12 sections by drawing lines 


on its bottom and numbering the sections to denote 
the strains to be applied to them. 

3. Touch a colony of the staphylococcus under 
test with an inoculating loop and spot-inoculate it 
onto a small area of medium in the middle of one of 
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the marked sections of the DNA plate so as to produce 
a thick disc of growth 5-10 mm in diameter after 
incubation, 


4>Spot-inoculate other strains onto other sections — 


and include known DNase-positive and DNase- 
negative cultures as controls. 
5. Incubate the plate aerobically at 37°C for 18-24 h. 
6. Then flood the plate with a few millilitres of 


"1 mol/litre (3.6%) hydrochloric acid to precipitate 


unhydrolysed DNA. 

7. After standing a few minutes, examine the plate 
against a dark background. Unhydrolysed DNA is 
precipitated and produces a white opacity or cloudiness 
in the agar. . 

8. Read as DNase-positive those spot cultures that 


are surrounded by clear, uncloudy zones comparable . 


in width to the zone around the contro! DNase-positive 
culture. 


Heat-stable nuclease (thermonuclease, 
TNase) test 


A heat-stable nuclease is produced by most strains 
of S. aureus and S. intermedius, but by only a few 
other staphylococci. It can be detected in direct tests 
on blood cultures (Mitchell et al 1991, Megson et al 
1991). 


The medium, toluidine blue DNA agar, is subject . 


to variation (Faruki & Murray 1986) and each batch 
must be controlled. The constituents are: Trizma base 
(Sigma), Bacto DNA (Difco), toluidine blue (Sigma), 
bacteriological agar no. 1 (Unipath). Prepare according 
to the method of Lachica et al (1971) and test as 
follows. 


1. Heat a few millilitres of blood broth culture at 
100°C for 15 min. 

2. Cool and centrifuge at 3000 g for 10 min. Collect 
the supernatant fluid. 

3. Cut 6 mm diameter wells in plates of the toluidine 
blue DNA medium (up to 12 per plate) and fill each 
well with the supernate of a different culture. 

Instead of centrifuged supernates, whole boiled 
blood broth cultures may be put in the wells (Madison 
& Baselski 1983). 

4. Incubate at 37°C and examine hourly for up to 
4h. 

5. Read as a positive reaction the presence of a 
pink halo around the well, with a dark blue peripheral 
ring. 


Phosphatase test 
Phosphatase is probably produced by all staphylococci 
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but, with the exception of S. aureus, S. epidermidis 
and S. xylosus, the enzyme is repressed by inorganic 
phosphates in the medium (Soro et al 1990), so 
that other species give negative results by standard 
methods of testing. 


Test with phenolphthalein diphosphate agar 


1. Sterilize a 1% aqueous solution of sodium 
phenolphthalein diphosphate by filtration and store at 
4°C. 

2. Add 10m! of this solution to 1000 ml melted 
nutrient agar cooled to 50°C and pour plates. 

3. Grow the staphylococcus overnight at 37°C on 
the medium. 

4, Invert the plate and pour a few drops of ammonia 
solution SG 0.88 into the lid. 

5. Read as positive a culture whose colonies turn 
bright pink within a few minutes. The colour soon fades. 


Test with p-nitrophenyl phosphate agar 


1. For this test (Geary & Stevens 1989) prepare 
the medium containing per litre: Mueller-Hinton agar 
35 g, anhydrous sodium carbonate 3.5 g, sodium bicar- 
bonate 1.5 g in distilled water, pH 5.6—5.8. Autoclave 
at 121°C for 15min. Cool to 45°C and add Sigma 
104 phosphatase substrate tablets to give a final con- 
centration of 300 mg/litre. Pour plates. The plates may 
be kept for at least 1 month in sealed bags at 4°C. 

2. Spot-inoculate test and control cultures on to 
the- plates. Cut thin ditches between the spots with 
the back of a sterile scalpel blade. 

3. Incubate the plates overnight at 37°C. 

4. Read as phosphatase producers the spot cultures 
surrounded by bright yellow medium. 


Ornithine decarboxylase test 


The production of ornithine decarboxylase identifies 
S. lugdunensis which, alone among important staphy- 
lococci, shows this property (Kloos & Lambe 1991). 


1. Prepare the medium as follows. Dissolve peptone 
5g, yeast extract 3g and glucose 1g in 1 litre of 
distilled water and adjust to pH 6.7. Add 10 m! bromo- 
cresol purple 0.2% solution. Add .-ornithine hydro- 
chioride to a final concentration of 0.5%. Disiribute 
3 ml volumes into tubes and sterilize by autoclaving. 

2. Stab-inoculate the staphylococcus into the me- 
dium and overlay with a 5mm layer of sterile mineral! 
oll. Incubate at 37°C for up to 24 h. 

3. Read a violet colouration of the medium as 
denoting production of the decarboxylase, and a yellow 
colouration as a negative reaction. 
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Esterase production (Tween 80 
hydrolysis) 


1. Prepare a medium by adding 1 ml of Tween 80 
(Sigma) to molten nutrient agar (Unipath) cooled to 
55°C. invert gently several times to disperse the Tween 
80 and pour plates. 

2. Spot-inoculate the cultures under test on to the 
plates. Include known positive and negative strains. 

3. Place the plates in a plastic bag to keep them 
moist and incubate at 37°C for up to 5 days. . 

4. Read as esterase positive those cultures that 
develop a clearly visible halo of precipitated fatty acids 
when viewed against a dark background. 


Urease production 


1. Prepare brain—heart infusion broth (Unipath). 
Add 2% urea and 0.0012% phenol red. Alternately, 
Christensen’s urea broth or slopes (Ch. 7) may be 
used. 

2. Make a thick suspension of the culture under 
test in 1 ml of the broth. 

3. Incubate at 37°C for 1-3 days. 

4. Read as urease-producing those cultures that 
turn the medium red or pink, and as negative those 
that turn it yellow. 


Trehalose mannito! phosphatase agar 
(TMPA) 


This medium was devised by Stevens & Jones (1984) 
to distinguish S. epidermidis and S. saprophyticus 
from one another and from other coagulase-negative 
staphylococci (CNS) and micrococci. It does so by 
demonstrating acid production from trehalose or 
mannitol, phosphatase production, and sensitivity (S) 
or resistance (R) to bacitracin (Taxo A) and novobiocin. 


1. Prepare the medium by adding aseptically to 
sterilized and cooled Purple Agar Base (Difco) filter- 
sterilized trehalose and mannitol to final concentrations 
of 1% and phenolphthalein diphosphate to 0.01%. 
Pour in plates (TMPA). 

2. Streak-inoculate the staphylococcus on to a 
TMPA plate and place a Taxo A bacitracin disc (Difco) 
and a novobiocin 5 wg disc on the first streak. Incubate 
at 37°C for 18 h. 

3. Read the sugar reactions (yellow colouration = 
acid production) and antibiotic sensitivities. Then ex- 
pose the plate to ammonia vapour and examine for 
a red. colouration of the colonies which indicates 
phosphatase production. 

4. Identify the staphylococcus by the characters 
shown in Table 11.4. 
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RAPIDEC staph Many laboratories use it for speciating coagulase- 


The RAPIDEC staph kit (bioMérieux) provides a micro- 
method for identifying within 2 h the species S. aureus, 
S. epidermidis and S. saprophyticus. it is often of 
value in identifying strains of MRSA that are negative 
in most conventional tests, e.g. those of Neville et al 
(1991), and for identifying S. aureus directly from blood 
cultures (Mitchell et al 1991). 

A feature is its detection of the enzyme aurease, 
which is specific to coagulase-positive staphylococci. 
The aurease reacts with prothrombin to form a com- 
plex that lyses a substrate to release a fluorogen 
which is detected by its fluorescence under ultraviolet 
radiation at 365 nm. 

The kit also tests for alkaline phosphatase and 
beta-galactosidase. False-positive reactions were not 
found in an evaluation by Geary & Stevens (1991), 
but the kit failed to detect rare S. aureus strains that 
were tube-coagulase negative. 

The kit consists of a plastic strip with six cupules. 
Cupule 1 tests for aurease, cupule 2 for alkaline phos- 
phatase and cupule 3 for beta-galactosidase. The 
other cupules are used for preparation of the bacterial 
suspension (S), for a catalase test and fluorescence 
control (O), and for a McFarland no. 4 opacity standard. 
Perform the test according to the manufacturer's 
instructions. 


API STAPH 


The API STAPH kit (bioMérieux) provides a micro- 
method for speciating staphylococci and micrococci 
according to the scheme of Kloos & Schleifer (1975). 
The results of 19 tests are given in a numerical profile 
which identifies the species by reference to the Analytica! 
Profile Index or the API lab computer database. 

This test is convenient and easy to use, but it should 
not be the sole method for identifying S. aureus as 
misidentifications occur (Marples & Richardson 1982). 
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negative staphylococci, e.g. from blood cultures. For 
epidemiology a record should be kept of the numerical 
code given for an isolate rather than just the species 
identification. In-house tests generating similar identity 
profiles are described by Geary et al (1989) and 
Rhoden et al (1993). 


When such tests are not discriminating enough for . 


epidemiology, they can be supplemented with another 
typing method, e.g. an extended antibiotic sensitivity 
profile (Hartstein et al 1987, Ludiam et al 1989a). 


Enterotoxins and toxic shock toxin 
(TSST) 
Kits are available (Unipath) for detection of S. aureus 
enterotoxins A—-D and for TSST-1 by reversed passive 
latex agglutination in microtitre plates. Portions of food 
are homogenized in saline and, after centrifugation, 
the supernates are tested for their ability to agglutinate 
the latex particles coated with enterotoxin A, B, C or D. 
The toxigenic potential of staphylococcal isolates is 
similarly tested on supernates from overnight cultures 
in Tryptone Soya Broth. 


Protein A 

Methods for detection of protein A in staphylococci 
are available, though not routinely used in clinical 
work. The older method detects the ability of protein 
A to agglutinate sheep red cells coated with rabbit 
anti-sheep erythrocyte serum (Winblad & Ericson 1973). 
Later, an ELISA method has been developed (Roberts 
& Gaston 1987). _ 


Haemolysins 


Haemolysins alpha, beta, gamma and delta can be 
detected in cultures by an agar overlay method (Coia 
et al 1992). 
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The genera Streptococcus and Enterococcus consist 
of chain-forming Gram-positive cocci that are 
facultative anaerobes. Related, strictly anaerobic 
species are discussed in Chapter 30. Streptococcus 
pneumoniae (pneumococcus) is treated separately 
in Chapter 13. Streptococci and enterococci are 
catalase negative, helping to distinguish them from 
staphylococci and other cluster-forming Gram- 
positive cocci (Ch. 11). 

Streptococcus species are mostly commensal resi- 
dents of the mouth and throat, though several may 
act as opportunistic pathogens and a few, particularly 
S. pyogenes and S. agalactiae, as primary pathogens. 
They are exacting in nutritional and cultura! re- 
quirements, form small colonies on agar media, and 
most of them produce haemolytic effects on blood 
agar. 

Enterococcus species were formerly classified in the 
genus Streptococcus, e.g. S. faecalis, but DNA-rRNA 
homology studies show that they differ from the 
streptococci. They are primarily commensal resi- 
dents of the intestine, though some also cause urinary 
and other infections. They are seen generally as 
oval Gram-positive cocci in pairs and short chains. 
Their colonies are generally a little larger than those 
of streptococci, and most are non-haemolytic. In 
accordance with their adaptation to growth in the 
intestine, they are more tolerant of adverse chemical 
and physical conditions than the streptococci, e.g. 
they can grow at temperatures ranging from 10 to 
45°C, at pH 9.6, and in 6.5% NaCl broth, and sur- 
vive heating at 60°C for 30 min. Their ability to 
grow on bile-salt media, e.g. MacConkey’s medium 
(Ch. 5), distinguishes them from most streptococcl, 
except S. agalactiae, and commonly gives the first 
indication of their presence in a mixed culture. 

Aerococcus comprises a single species, A. viridans, a 
free-living saprophyte of little or no medical impor- 
tance. In some characters it resembles o-haemolytic 
enterococci, but differs in others and is considered 
to represent a distinct, unrelated group. 


Classification by haemolysis © 


The initial classification of the streptococci and 


enterococci traditionally depends on the type of 


haemolysis. produced on blood agar media. Strepto- 
cocci usually grow better and give improved haemo- 
lytic reactions when incubated anaerobically. Strains 
that produce soluble haemolysin (streptolysin O 
or S) form a circular zone of clearing by lysis of 
erythrocytes around their colonies on blood agar 
(f-haemolysis). Some strains that do not produce 
soluble haemolysin cause partial clearing and often 
a green coloration (o-haemolysis). Other strains are 
non-haemolytic and give no obvious change around 
colonies on blood agar. 


Classification by serology 


Serological subdivision of the streptococci and 
enterococci exploits differences in the group-specific 
polysaccharide antigens in the cell wall. Lancefield 
thus identified different groups of f-haemolytic 
streptococci and her scheme now includes 20 sero- 
groups designated sequentially with the letters A-H 
and K-V. The f-haemolytic strains of group A, 
which cause many important human infections, are 
given the species name S. pyogenes. A variety of other 
streptococcal species, of various Lancefield groups 
and haemolytic activities, are also found as pathogens 
and commensals in man and animals (Table 12.1). 

Biochemical and other criteria are also used in 
defining various species within a single serogroup, 
and some species contain strains of more than one 
serogroup. Many species contain strains with differ- 
ent haemolytic reactions, e.g. E. faecalis and S. 
agalactiae (Table 12.1). The ‘viridans group’ of 
streptococci contains different strains that are O- or 
non-haemolytic and that may or may not possess 
Lancefield group antigens. Some of these were 
previously classified as S. viridans, but this is no 
longer an accepted species name. 
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“Table 12.1 Classification of streptococci focoh er eae. See. 
- Key: NH, non-haemoiytic, Less. common: feces Eins els. See : ns yeleae 





Enterococci = 


E. faecalis 


E. faecium 
E. durans — 
E. avium 


NH (B, a) ° 


o: (NH): 


NH (a, B) 


i 


* Man, animals — 
~ Man, animals 
"Milk, etc 

- Man, animals 


* S. mutans comprises S. sobrinus and several other species. 
» S. sanguis includes S.-sanguis and S. gordonit. 
© S. milleri includes S. intermedius, S. anginosus and Ss. constellatus. 
4S, mitior-contains S. mitis arid’ S. oralis. 
"The lactic streptococci, formerly 'S. lactis' in milk and milk products. 
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Morphology and staining 


STREPTOCOCCUS ‘PYOGENES » 
(LANCEFIELD GROUP A) 


The majority of B-haemolytic streptococci causing 
infections in man belong to group A and are given 
the species name of S. pyogenes. This pathogen 
causes a variety of inflammatory and suppurative 
conditions such as sore throat, scarlet fever, cellulitis, 
erysipelas, impetigo, puerperal fever, otitis media, 
septicaemia,. wound infections and necrotizing 
fasciitis. It is indirectly associated with rheumatic 
fever, glomerulonephritis and erythema nodosum. 
It is also found in the throat or nasal cavity in a 
proportion of apparently healthy persons (‘carriers’) 
(Ross 1990). 
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Gram-positive spherical cocci 0.7—0.9 um in dia- 
meter occurring in chains of varying length, best 
demonstrated in smears of pus or liquid culture. 
Capsulate in very young cultures. Non-motile and 
non-spore-forming. 


Cultura! characters 


Facultative anaerobe. Optimum temperature for 
growth 37°C, range 22—42°C. Grows best on nutri- 
ent agar with blood or serum. Colonies are small, 
0.5—1 mm after 24 h, semi-transparent, low convex, 
discrete, and with a matt or glossy surface when 
freshly isolated. The matt colonies contain M anti- 
gen. Mucoid colonies may occur when a strain Is 


‘i. 
a 
My 
r 
“ 


Species Serogroup § Haemolysis Main habitat . 
6-Haemolytic group itn, Seay ; 
S. pyogenes A Bp Man, throat Pharyngitis, many other infections | 
S. agalactiae B 6 (NH, a) Man, cattle Neonatal septicaemia and meningitis, 
: ae | - puerperal sepsis 
S. dysgalactiae . C a Cattle Though notably animal pathogens, 
S. equi Cc A _ Horse also cause epidemic pharyngitis, 
S. equisimilis C B Man, animals _. -glomerulonephritis and pyoderns pints 
S, zooepidemicus C 6 _ > Animals oo In man, ee oie 
S. canis G Bp. Annas i -Pharyngitis, sepilcaniiin: puerperal sepsis , 
J Mp = ahd prover. in man 
| S. porcinus E,P, U,V B | Pig Ea APA 
| Group L species le : -B Dog, pig "partes. hae, 
Viridans and non- ‘taeiobie group Pate af ernst CRM A coer Bae AS rt) i sy 
S. bovis — -D NH (a) © Animal fatiods eal protec: cata ome pyr Sb 
| S. equinus D ‘a. Horse faeces’ Say ae Ted bak tha ar efy in 
S. mutans* - ~ NH (a) Mas UAT. ! “2 Bertel caries, 
S. sanguis® H a (NH,B) ‘Man, animals infective endocarditis 
S. miller? F,A,C,G NH (a, B) Man Purulent internal infections 
S. mitior® O,K, M a (NH, B) Man, animals _ Infective endocarditis: 
S. salivarius K NH_-(B) -~ Man, mouth Coa 2 
Lactococcus* N NH (a) |. Milk, etc. “None 
S. suis D, R, 5, T a (NH, B) . 'Pig 
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heavily capsulate. Clear, often wide, zones of haecmo- 
lysis surround colonies on horse or sheep blood agar. 
Haemolysis is variable with human or rabbit blood. 


Sensitivity to physical and eoeiiee 
agents 


Killed by 54°C in 30 min. May survive natural drying 
for weeks if protected from daylight. Laboratory 
cultures should be stored at 3-5°C in blood broth or 
cooked-meat medium, or else freeze-dried. Sensitive 
to most antiseptics, benzylpenicillin and a wide 
range of antimicrobial drugs. Can acquire resistance 
to sulphonamides, tetracyclines, and less commonly 
to clindamycin and macrolides. 


Biochemical activities 


S. pyogenes, like other streptococci, is catalase nega- 
tive and insoluble in bile. It differs in some reactions 
from other haemolytic streptococci (Table 12.2). 
Fermentation tests should be done in sugar serum 
peptone waters (Ch. 7). Like enterococci, S. pyogenes 
is positive in the PYRase test,* which distinguishes 
it from non-group A haemolytic streptococci. 


Enzymes and toxins 


S. pyogenes produces a number of exoproteins that 
may play a part in pathogenesis. Though the pro- 
ducts listed below may be virulence factors, evidence 
linking them with particular aspects of streptococcal 


“Table 12 2 ‘Bioghemical ‘reactions ot eect | 
«Key: #; Some strains: Positive, some hegative. 


Lancefield group 2 


Reaction . 
A B C 





Acid produced from: 

Lactose + = 3 
Mannitol + - 
Raffinose = - 
Ribose = + 
_ Sorbitol - _ 
Hydrolysis_of: ; a ay 
Aesculin - 

Hippurate 3 + 


= 


Acetoin produced _ + 


Pyrrolidony! peptidase + _ 
(PYRase) produced 





* Refer to Methods at the end of this chapter, 
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infection is incomplete. Most strains produce most 
of the products under suitable conditions. Some of 
the same products are produced by other groups of 
streptococci, e.g. groups C and G. Most are antigenic 
and tests for antibody to some of them may be of 
diagnostic value. 


Erythrogenic (Dick) toxins 


These toxins cause the rash in scarlet fever. “Three 
antigenically distinct forms are neutralized by specific 
antitoxins. The Dick test, in which a test dose of 
erythrogenic toxin is injected intradermally, detects 
the presence or absence of such antibodies. 


Haemolysins 


Streptococcal haemolysins can also affect other kinds 
of cells and are better termed cytolysins. Streptolysin 
O is inactivated by oxygen (oxygen-labile); it is pro- 
duced by most group A streptococci and some strains 
of groups C and G. Streptolysin S is not inactivated 
by oxygen (oxygen-stable) and causes the haemolysis 
around colonies on aerobic blood agar: unlike 
streptolysin O it is not antigenic. 


Deoxyribonucleases 


DNases are produced by streptococci of groups A, 
C and G. There are at least four antigenically distinct 
enzymes, designated A, B, C and D. DNase B is the 
commonest form in S. pyogenes. 


Other enzymes 


Streptokinase (fibrinolysin), hyaluronidase, and 
nicotinamide adenine dinucleotidase (NADase) are 
produced by strains of groups A, B, C and G. 
Pyrrolidonyl peptidase (PYRase)* is formed only by 
group A streptococci and enterococci. 

Serum opacity factor (SOF), which produces 
opacity in horse serum, is formed by certain M types 
of group A streptococci. It is a lipoproteinase asso- 


_ ciated with the M protein and loosely bound to the 


bacterial wall. It is antigenically specific and its 
specificity corresponds with that of the M antigen. 


Celluiar antigens 


Group-specific carbohydrate. [}-Haemolytic strep- 
tococci are divided into 20 Lancefield groups by 
differences in this major antigenic component of 
their cell walls. The group A antigen is characteristic 
of S. pyogenes. 
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M protein. Group A streptococci are subdivided 
into over 60 Griffith’s serotypes by differences in 
the M protein antigens on their cell walls. The M 


protein is a complex entity. It impedes phagocytosis, — 


promotes attachment to epithelial cells and is essen- 
tial for virulence. Specific anti-M antibody develops 
after infection, enhances phagocytosis and confers 
immunity to re-infection with the same M type of 
S. pyogenes, 

T protein. This is another surface antigen present 
in different forms in many group A strains and is 
used as a typing marker in epidemiological studies. 
Unlike M protein, it is not related to pathogenicity. 

R protein. Different forms of this antigen are pre- 
sent in a few group A serotypes, e.g. M-type 28, but 
their role is unknown. 
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LABORATORY DIAGNOSIS OF 6- 
HAEMOLYTIC STREPTOCOCCAL 
INFECTIONS 


This includes the isolation and identification of B- 
haemolytic streptococci from the patient’s blood or 
exudates, and the examination of the patient’s serum 
for a rising titre of antibody to one or more strepto- 
coccal antigens. Particular importance attaches to 
the recognition of S. pyogenes and S. agalactiae, the 
commonest virulent pathogens. 


Culture from exudates 


Swabs are taken from the throat, vagina or purulent 
lesion of patients, and from the throat and nose of 
suspected carriers. Microscopy of smears of pus 
showing short chains of Gram-positive cocci suggests 
the presence of streptococci. 

Plate swabs on agar medium containing 5—10% 
horse or sheep blood. Horse blood is generally used 
and the plate incubated aerobically in air mixed with 
5—10% CO,. If resources allow, it is advantageous 
also to set up an anaerobic plate, for haemolysis is 
often improved, and some group A strains that form 
only O-lysin fail to cause lysis on aerobic plates. 

Haemophilus haemolyticus (Ch. 25) forms colonies 
that may be mistaken for §-haemolytic streptococci, 
but their haemolysis is stronger on aerobic than 

on anaerobic plates and is inhibited by sheep blood. 
It differs from S. Pyvogenes in being resistant to 
penicillin. 

Crystal violet blood agar* and PNF medium*® are 
selective media that inhibit many throat commensal 
bacteria and may facilitate the detection of small 
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numbers of S. pyogenes in throat swabs; they are 
rarely used for routine culture. S. pyogenes does 
not grow on MacConkey’s bile-salt medium, but 
S. agalactiae commonly does. 

S. pyogenes is always sensitive to benzylpenicillin, 
while some other haemolytic streptococci, haemo- 
lytic enterococci and H. haemolyticus are not. It is 
useful to place a 1 ug benzylpenicillin disc on the 
heavily inoculated ‘well’ of the primary culture plate 
to give a first indication of the probable presence 
of S. pyogenes. 

Bacitracin sensitivity. S. pyogenes is more sensitive 
to bacitracin than most other streptococci, though 
some strains of groups B, C and G are also sensitive 
(Maxted 1953, Coleman et al 1977). In the absence 
of Lancefield grouping, bacitracin sensitivity may 
be tested to gain an indication that an isolate is 
probably S. pyogenes.* A disc containing 0.04 units 
of bacitracin is placed on the ‘well’ of the primary 
culture plate. S. pyogenes should show a large inhi- 
bition zone (e.g. > 15 mm diameter) and most other 
streptococci should show little or no inhibition. The 
test, however, 1s subject to a large degree of error, 
and commercial discs may be too strong, so that 
it is not generally recommended. 


Lancefield grouping 


Commercial kits for streptococcal grouping are. 


widely used because they are convenient and reliable, 
though rather expensive. 

Streptex (Wellcome) is a latex particle agglutination 
test. Cross-reactions, false positives and false nega- 
tives are rare if the manufacturer’s instructions are 
followed. These also give information about quality 
control procedures such as testing the reactivity of 
the latex suspension (positive control), the specificity 
of agglutination (negative control) and the effective- 
ness of enzyme extraction. Limitations of the test are 
false-positive reactions, as with Klebsiella, Escherichia 
and Pseudomonas, and false-negative reactions, as 
when insufficient culture is used for extraction. 

For conventional grouping procedures, the group 
antigen must first be extracted from the streptococcal 
cells. Methods of extraction with hydrochloric acid 
or formamide are described below.* The extracted 
antigen is then tested with group-specific antisera 
by one of a variety of methods: precipitation tests, 
as descmbed below,* slide agglutination (Maxted 
et al 1976), gel diffusion (Freimer 1963, Rotta 
et al 1971), counter-current immunoelectrophoresis 
(Dajani 1973), fluorescent antibody tests (Moody et 
al 1958), and enzyme-linked immunosorbent assays 
(ELISA; Cumming et al 1980). 


ey 


Typing of group A strains 


These tests,* which use specific agglutinating or 
precipitating antisera, are normally done only in spe- 
cialized reference laboratories. Tests for the serum 
opacity reaction may also be used to type group A 
strains (Maxted et al 1973). 


- Serological tests 


These tests with paired sequential sera from the 
patient are used to detect a rise in the titre of antibody 
to one of the extracellular products of S. pyogenes. 
‘They may be used to confirm primary infections, 
but are more commonly used for diagnosis of the 
non-suppurative sequelae of S. pyogenes infection, 
such as rheumatic fever or glomerulonephritis. 

The anti-streptolysin O (ASO) test (Gooder & 
Wiliams 1959) is used most frequently; the upper 
limit of normal antibody is 200 Todd units/ml. A 
commercial latex particle kit is available (Rapitex 


ASL, Behring). 


An anti-DNase B estimation may also be useful 
(Wannamaker & Ayoub 1960). Other tests are for 
anti-streptokinase (ASK), anti-hyaluronidase (ASH) 
and anu-NADase. 


STREPTOCOCCUS AGALACTIAE 
(LANCEFIELD GROUP B) 


Group B streptococci were long known as causes 
of mastitis in cattle, but it was not until the 1930s 
that their association with human disease was recog- 
nized. By the early 1970s they had become increas- 
ingly common in human infections and they seem 
now to have replaced group A organisms as the major 
streptococcal pathogen in sites other than the upper 
respiratory tract. 

They are particularly associated with septicaemia 
and meningitis in neonates, Their source is usually 
in the mother, as ano-genital commensal carriage is 
common, but cross-infection may also occur. Pneu- 
monia, endocarditis, meningitis, cellulitis and arthri- 
tis can occur in adults, particularly in compromised 
and debilitated subjects. 

Isolation and identification of group B streptococci 
from infections of neonates and infections in com- 
promised patients may be of urgent clinical signi- 
ficance. Sensitivity tests should be done. Isolation of 
group B streptococci from the upper respiratory 
tract, where they may be commensals, is not normally 
an indication for antibiotic therapy. 
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Culture of group B streptococci 


On biood agar, haemolysis is usually of the B type, 
though the zones are usually narrow. In some cul- 
tures haemolysis is of the @ type and in some there 
is no haemolysis. Colonies are grey, mucoid and 
larger (about 2 mm) than those of other streptococci. 


_ They appear orange on some media, but pigment 


is most reliably formed on Islam’s (1977) medium.* 

Vaginal swabs and contaminated exudates should 
be plated on MacConkey’s medium, on which most 
strains grow, as well as on blood agar. Penicillin 
and gentamicin discs should be placed on the blood 
agar plate, so that a- and non-haemolytic strains 
can be suspected from their penicillin sensitive and 
gentamicin resistant reactions, 

When, for epidemiological purposes, it is required 
to detect the presence of even small numbers of 
S. agalactiae in specimens, e.g. from throat or 
vagina, containing many other bacteria, the selective 
medium of Baker et al (1973)* may be used. 

Tests for presumptive identification of group B 
streptococci include the CAMP reaction,* hydrolysis 
of sodium hippurate,* and the production of orange 
pigment.* 

When definitive identification is required, parti- 
cularly for a@- and non-haemolytic strains, Gram 
staining and Lancefield grouping should be done. 


Typing of group B strains 


Serotyping has been used in epidemiological studies 
(Lancefield 1934, Ross 1984). The serotypes are 
distinguished by the nature of their carbohydrate 
antigens and the presence or absence of protein 
antigens. These antigens may be detected by tests 
including precipitation and counter-current immuno- 
electrophoresis (Colman 1988). Phage typing has 
also been developed (Stringer & Maxted 1979). 


GROUP C AND G STREPTOCOCCI _ 


Streptococci of Lancefield’s groups C and G produce 
wide zones of f-haemolysis. They cause a variety of 
infections in man, including sore throat, endocarditis, 
puerperal uterine sepsis, and pulmonary, skin and 
wound infections. 


The 
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VIRIDANS AND NON-HAEMOLYTIC _ 
STREPTOCOCCI 
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- Strains of several Streptococcus species may be either 
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a-haemolytic (‘viridans’) or non-haemolytic, and 
some may give incomplete B-haemolysis (Table 12.1). 
The oral streptococci are prominent among these 
organisms. Recent taxonomic studies have recog- 
nized new species of viridans streptococci and rede- 
fined old species, and so given a better understanding 
of.a previously ill-defined group (Beighton et al 
1991, Whiley & Beighton 1991, Douglas et al 1993). 

S. sanguis is now divided into S. sanguis and 
S. gordonii, and related species are S. crista and 
S. parasanguis. S. salivarius is similar to a newly 
described species, S. vestibularis. S. mitior has been 
divided into S. mins and S. oralis. The organisms 
previously called ‘S. miller’, which can carry Lance- 
field’s group antigens F (commonest), A, C and G, 
have been divided into S. anginosus, S. constellatus 
and S. intermedius. ‘S. mutans’ has been shown to 
comprise at least seven species, including S. sobrinus. 

Viridans streptococci are present in large numbers 
in the mouth, but under certain conditions are 
associated with oral infections and the production of 
dental caries. S. mutans and S. sanguis are parti- 
cularly involved in the latter process. ‘S. milleri’ is 
an important cause of deep infections. Viridans and 
non-haemolytic streptococci account for about 40% 
of cases of infective endocarditis, the species most 
commonly causal being S. samguis, S. mitior and 
S. mutans, — 
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LABORATORY DIAGNOSIS OF VIRIDANS 
AND NON-HAEMOLYTIC 
STREPTOCOCCI INFECTIONS 


The viridans streptococci resemble S. pyogenes in 
morphology, but may be more ovoid and are usually 
in short chains. Most grow well on nutrient or blood 
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agar, but fail to grow on MacConkey bile-salt agar. 
Because of the green colouration around their colo- 
nies on blood agar, better seen on heated blood agar, 
they may have to be distinguished from pneumococci 
(Ch. 13). Growth of some strains, notably of ‘S. 
miller’, is dependent on or enhanced by the addi- 
tion of 5-10% CO, to the air in which cultures are 
incubated. 

The primary recognition of these organisms in 
mixed cultures depends on the appearance of their 
small, colourless colonies, which may be G- or non- 
haemolytic on blood agar. Most are sensitive to peni- 
cillin and resistant to gentamicin, so that the placing 
of penicillin and gentamicin discs on the primary 
culture plate may assist in their recognition. It should 
be noted that some strains of S. pyogenes and S. 
agalactiae give reactions resembling oi-haemolysis on 
aerobic blood agar, and that some anaerobic cocci 
give &-haemolysis on anaerobic plates. 

When isolated from the mouth, throat or elsewhere 
in the respiratory tract, viridans and non-haemolytic 
streptococci are generally regarded as harmless 
commensals and not tested further. However, when 
found in pure culture in blood, cerebrospinal fluid, 
an abscess or other closed lesion, they are likely to 
have a pathogenic role; their antibiotic sensitivities 
should then be tested and reported. 

An attempt is made to identify the species only in 
special cases. Biochemical reactions of the principal 
species are shown in Table 12.3. Methods for - 
performing tests are described by Parker & Ball 
(1976). Commercial biochemical profile kits are 
frequently used, e.g. API 20 STREP and Rapid ID 
32 STREP (bioMérieux). Quality control is assured 
in the manufacture of media, strips and reagents, and 
manufacturer’s instructions list further checks that 
may be made. False reactions are rare if these 
are followed. 
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ENTEROCOCCI: GROUP D 
STREPTOCOCCI 


The organisms now classified in the genus Entero- 
coccus were formerly classified as faecal streptococci. 
‘They are Gram-positive cocci that occur mainly in 
pairs but also in short chains, are mostly non- 
haemolytic, occur as commensals in the mouth and 
intestine in man and animals, and are sufficiently 
resistant to bile and other antibacterial agents to 
be found in large numbers in the faeces. Characteris- 
tically they possess the Lancefield group D antigen. 

Because they showed biochemical and other 
differences from other streptococci, Kalina (1970) 
proposed, and Schleifer & Kulpper-Balz (1984) con- 
firmed, that the common species, S. faecalis and 
S. faecium should be allocated to a separate genus, 
Enterococcus, as E. faecahs and E. faectum, respec- 
tively. Five further streptococcal species have since 
also been re-allocated as E. avium, E. casseliflavus, 
E. durans, E. gallinarum and E. malodoratus. The 
faecal group D organisms S. bovis and S. eguinus 
differ from enterococci in not surviving heat at 60°C 
for 30 min, not growing in 6.5% NaCl broth and 
not forming NH, from arginine; they remain in the 
genus Streptococcus (Table 12.1). 

Group D organisms may cause urinary and biliary 
tract infections, suppurative abdominal lesions and 
endocarditis. Because of their common occurrence 
in faeces, they are also common contaminants of 
open wounds and bed sores. Most of the infec- 
tions are caused by E. faecalis, which is a normal 
commensal in the human intestine and vagina. 
E. faecium is responsible for only 5-—10% of the 
infections, and other enterococci are rarely involved. 


Enterococcus faecalis 


This coccus is characteristically rather larger than 
S. pyogenes, occurs in ovoid pairs or short chains, 
and is non-motile and non-capsulate. It grows readily 
on ordinary nutrient media and on MacConkey 
agar, on which it forms smal] (0.5—1 mm), usually 
magenta-coloured colonies. [t also grows on media 
with high salt content, e.g. 6.5% NaCl (Murray 
1990). It is usually non-haemolytic, but sometimes 
a- or §-haemolytic. It survives heating at 60°C for 
30 min, a feature distinguishing it from streptococci, 
and also grows within a wider range of temperatures 
(10-45°C). It ferments mannitol and some other 
sugars with the production of acid, and is Voges— 
Proskauer positive, Strains may be subdivided into 
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STREPTOCOCCUS, ENTEROCOCCUS 


types according to biochemical and other activities; 
some strains liquefy gelatin and produce H,S. 

Penicillin tolerance is common in E. faecalis and 
E. faectum, but a combination of penicillin with an 
aminoglycoside is synergistic and clinically effec- 
tive. Most strains remain sensitive to ampicillin but 
resistance to both ampicillin and vancomycin is 
emerging in both species. 
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LABORATORY DIAGNOSIS OF 
ENTEROCOCCAL INFECTIONS 


Growth on MacConkey lactose bile-salt agar distin- 
guishes group D enterococci from most streptococci 
except those of group B. Useful tests for the recogni- 
tion of enterococci include those for the fermentation 
of aesculin on nutrient agar with 4% bile,* for the 
ability to grow in broth containing 6.5% NaCl,* and 
those for the production of acetoin* and pyrrolidony] 
peptidase (PYRase test).* 

In the examination of drinking water for faecal 
pollution the presence of enterococci is tested by 
culture on a plate of bile aesculin agar at 44—45°C 
(Ch. 51, Methods). The appearance of a brown-black 
colouration around the inoculum after a few hours 
indicates hydrolysis of the aesculin. 

PYRase test. This rapid test (Wellstood 1987) 
detects production of pyrrolidonyl peptidase by 
enterococci and group A streptococci. Other strepto- 
cocci, including group D, are negative. The test 
described below” gives a result in 15 min. The PYR 
kit test (Wellcome) uses a disc impregnated with 
PYR (L-pyrrolidony]-f$-naphthylamide) and a colour 
developer (p-dimethylaminocinnamaldehyde); it gives 
a reaction (red colour) within 4 min. 

Speciation. When identification of the species 
of an enterococcus is required, the Lancefield group 
of the isolate must first be determined as group D 
by the Streptex or other grouping test. If group D is 
identified, the PYRase test is then done. As group 
A streptococci, Staphylococcus, Bacillus, Klebstella, 
Enterobacter and Pseudomonas all form PYRase, the 
test must be done on isolates shown to be group D. 

The species of Enterococcus may then be identified 
by biochemical tests, e.g. API 20 STREP or Rapid 
ID 32 STREP (bioMeérieux). Manufacturer’s in- 
structions give information about materials, reagents, 
test procedures, reading and interpretation of results, 
and quality control procedures. 

Some distinguishing biochemical reactions of the 
principal enterococci infecting man are shown in 
‘Table 12.4. 
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AEROCOCCUS _ 


The genus Aerococcus (Williams et al 1953) contains 
a single species, A. viridans. It is a free-living 
saprophyte, commonly present in air and dust and 
on inanimate objects in hospitals, homes and other 
premises. 

Most isolates from clinical specimens are insigni- 
ficant and represent only contamination from the 
environment, but aerococci have been isolated from 
post-operative wound infections and nosocomial 
infections in immunocompromised patients. 

They are Gram-positive cocci forming tetrads and 
clusters, are slow growing, and form a-haemolytic 
colonies that look like enterococci. They resemble 
enterococci in being facultative anaerobes, in grow- 
ing in broth at pH ¢&.6 and broth containing 6.5% 
NaCl, and in giving a positive PYRase reaction. But 
they differ from enterococci in failing to grow at 
either 10 or 45°C* and failing to form ammonia by 
hydrolysis of arginine* (arginine dihydrolase negative). 

They are oxidase negative and either catalase 
negative or weakly positive, They produce acid but 
not gas by fermentation of glucose, maltose, lactose 
and sucrose. 
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METHODS 


Crystal violet blood agar 


This medium is selective for S. pyogenes and other 
streptococci, for crystal violet inhibits the growth of 
staphylococci and some other bacteria found in clinical 
specimens. re 
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Sterile nutrient agar 90 ml 
Sterile horse blood 10 ml 
Crystal violet, 0.1% aqueous solution 0.2 ml 


Melt the agar, cool to 50°C, add the blood and crystal 
violet and pour plates. 


PNF medium (Lowbury et al 1964) 


This medium also is selective for {-haemolytic 
streptococci, inhibiting the growth of staphylococci and 
coliform bacteria. To melted nutrient agar cooled to 
50°C, add the following: 


Sterile horse blood 50 mil/litre 
Polymyxin B sulphate 17 000 units/litre 
Neomycin sulphate 4.25 mg/litre 
Fusidic acid 0.50 mg/iitre 


Selective medium for group B 
streptococci 


This medium (Baker et al 1973) may be used as broth 
or, with agar, for plating. Prepare a solution of 15 pg/ml 
nalidixic acid and 8 yg/ml gentamicin, and add 0.5 ml 
of it and 0.25 ml sterile defibrinated sheep blood to 
4.75 ml Todd Hewitt broth (Ch. 5). 


Bacitracin test for S. pyogenes 


This presumptive test (Maxted 1953) shows most 
strains of S. pyogenes as sensitive and most other 
streptococci, except some strains of groups B, C and 
G, as resistant. Paper discs containing exactly 0.04 
units of bacitracin are addéd to primary culture 
plates. Group A streptococci give large (e .g.>15mm 
diameter) zones of inhibition. 
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Pigment test for group B streptococci 


Culture strains anaerobically at 37°C for 18h on 
Columbia agar (Oxoid), starch serum agar or, best, 
Islam's (1977) medium. Many group B strains, but not 
other streptococci, form orange-coloured colonies. 


CAMP test for group B streptococci 


This test (Christie at al 1944) detects the production 
by group B, but not other streptococci, of CAMP factor 
which enhances the action of staphylococcal B-lysin. 
inoculate a B-lysin-producing strain (NCTC1803) 
of Staphylococcus aureus as a streak across a blood 
agar plate containing 5% sheep or ox blood. Then 
inoculate a single streak of the streptococcus perpen- 
dicular to that of the staphylococcus, leaving about 
1 cm of space between the two streaks. Incubate for 
24h at 37°C in air or air with 10% CO,. With group 


B streptococci an area of increased lysis appears at 


the junction of the two streaks. 


Growth at 10 and 45°C for enterococci 


Inoculate one colony into each of two tubes of nutrient 
or Todd Hewitt broth. At once place in water-baths 
at 10 and 45°C and incubate for 7 days. Judge 
growth by the turbidity seen after rotating the tube 
to disperse any sediment. Enterococci grow at both 
temperatures. 


Growth in 6.5% NaCl for enterococci 


Inoculate two or three colonies into a tube of nutrient 
broth with 6.5% NaCl and incubate at 35°C for 3 days. 
Judge growth by the turbidity seen after dispersing 
any sediment. 


Sugar fermentation tests 


Perform these in serum peptone water sterilized by 
filtration (Ch. 7). Durham tubes are not used as gas 
is not produced. incubate at 35°C for up to 7 days. 


Aesculin hydrolysis 


This reaction presumptively identifies group D strepto- 
cocci (Facklam & Moody 1970). 


Meat extract 3g 
Peptone 59 
Ox bile purified and dehydrated 10q 
Aesculin 1g 
Ferric ammonium citrate 0.5q 
NaC! 59g 
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Agar 15g 
Distilled water 1 litre 


With heating, dissolve the meat extract, peptone, NaCl 
and agar in 400 mi water, the ox bile in 400 ml, the 
ferric ammonium citrate in 100 ml. Mix the solutions, 
adjust to pH 7.0, autoclave at 121°C for 15min and 
cool to 50°C. Dissolve the aesculin in 100 ml water, 
sterilize by filtration, and add to the melted medium 
at 50°C. Dispense in screw-capped tubes as slants; 
store at 4°C. 

Inoculate the culture on to the slant and incubate at 
37°C for 48h. Enterococci and group D streptococci 
cause blackening. 


Ammonia from arginine deamination 


Inoculate the culture into a tube of Malier's arginine 
decarboxylase test medium (Ch. 7), overlay with sterile 
mineral oil and incubate at 35°C for 7 days. A positive 
reaction is shown by the development of a deep purple 
colour from alkalinization by ammonia production 
afier an initial change to yellow. A negative reaction is 
indicated by the colour remaining yellow. 


Hippurate hydrolysis for group B 
streptococci 


In the test of Hwang & Ederer (1975) all group B 
streptococci hydrolyse sodium hippurate, but groups 
A, C, F and G do not. Some group D and very few 
viridans streptococci do so. 


1. Prepare a 1% solution of sodium hippurate and 
dispense it in 0.4 ml volumes in capped tubes. Store 
at —20°C until used. 

2. Thaw a tube, inoculate a large joopful of solid 
growth from a rich blood-containing medium, and 
emulsify thoroughly. 

3. Incubate for 2h at 37°C. 

4. Add 0.2 ml ninhydrin solution (3.5 g ninhydrin in 
100 ml of a mixture of equal parts of acetone and 
butanol). 

5. Incubate for a further 10 min at 37°C. 

6. Look for a purple colouration showing that glycine 
has been produced on hydrolysis of the hippurate. 


Pyruvate fermentation 


This test is used in the speciation of group D strepto- 
cocci (Gross et al 1975). 


Tryptone 10q 
Yeast extract 59 
K,HPO, 9g 
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NaCl 5g 
Sodium pyruvate 10g 
Bromothymo!l blue 0.19 
Distilled water ~ 1 litre 


Adjust the pH to 7.2, dispense into screw-capped 
tubes, and sterilize at 121°C for 15 min. 

Inoculate a fresh culture into the pyruvate broth and 
incubate at 35°C for 7 days. The development of a 
yellow colour (acid) is a positive reaction. 


PYRase test 


Enterococci and group A streptococci hydrolyse t- 
pyrrolidonyl-B-naphthylamide (PYR) (Wellstood 1987). 
Use a kit test, e.g. Wellcome-PYR, for result in 4 min 
ortestas follows: a. C« | 


1. Prepare a solution of PYR (Sigma) by dissolving 
25 mg PYR in 1 ml methanol and add 100 mi distilled 
water. 

2. Take up two to four colonies from blood agar on 
to the tip of a cotton-wool swab and moisten with two 
drops of PYR solution. 

3. Hold the swab in a Petri dish at room temperature 
for 10 min. 

4. Add one drop of cinnamaldehyde reagent 
(Analytab). 

5. Development of a red colour within 15 min is a 
positive reaction. Negative reactions stay colourless 
for 30-45 min. 


Voges-Proskauer test for acetoin 


Use a Voges—Proskauer test described in Chapter 7 
or, for a quicker result, the modification of Coblentz. 


1. Grow the organism overnight on a nutrient agar 
slant. 
2. With a large loop transfer most of the growth 


_ Into 2 ml glucose phosphate peptone water (Ch. 7). 


3. Incubate for 6 h at 35°C. 

4. Add five drops of O’Meara reagent (40g KOH 
and 0.3 g creatine in 100 mi distilled water) and five 
drops of a-naphthol solution (5 g a-naphthol in 100 ml 
ethanol) and shake at intervals for 30 min. Acetoin 
production is shown by the development of a red colour. 


Antigen extraction for Lancefield 
grouping 


Two methods for extraction of the group-specific 
carbohydrate are described, using hydrochloric acid 
or formamide. Group O carbohydrate is sensitive to 
formamide and such extracts do not: react with O 
antiserum. Acid extracts can also be used in tests 
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for identification of the type-specific M antigens (see 
below). 


Hydrochloric acid extract (Lancefield 1933) 


Harvest the centrifuged deposit from 50 ml of an 
overnight culture in Todd Hewitt broth (Ch. 5) and place 
in a small tube. Resuspend the deposit thoroughly in 
0.4 ml of 0.5 mol/litre HCI. Place the tube in a boiling 
water-bath for 10 min; remove and allow to cool. Add 
one drop of 0.02% phenol red. Neutralize carefully with 
0.5 mol/litre and then 0.2 mol/litre of NaOH. Centrifuge 
again. The clear supernate is the extract for testing. 


Formamide extract (Fuller 1938) 


Suspend the deposit from 5 ml glucose broth culture 
in 0.1 ml formamide and heat in an oil-bath at 160°C 
for 15 min or unti! dissolved. Cool, add 0.25 mi acid 
alcohol (0.5% HCI in 95% ethanol), shake and centri- 
fuge. Add 0.5 ml of acetone to the supernate; shake 
and centrifuge again. Discard the supernate and dis- 


_ solve the precipitate in 0.3—0.4 ml saline (0.85% NaCl). 


Add one drop of phenol red and neutralize with 0.5 mol/ 
litte NaQH. Cross-reactions may occur if the extract 
is too alkaline. 


Precipitation test for Lancefield grouping 


Group-specific antisera are obtainable from commer- 
cial sources (e.g. Wellcome). Tests may be performed 
in the narrowing neck of small Pasteur pipettes. Place 
a small volume of group A antiserum in the pipette and 
carefully superimpose a small volume of the antigen 
extract. If the extract contains the group A antigen, a 
white disc of precipitate will appear at the interface 
within 5 min at room temperature. Reactions after 5 min 
should not be regarded as positive. Test the extract 
similarly with antisera for groups B, C and G routinely, 
and if necessary with other group sera. 

To conserve sera, tests may be performed in capil- 
lary tubes (Swift et al 1943). Run a 1cm column of 
serum into the tube. Wipe the outside of the tube care- 
fully. Then run in an equal volume of antigen extract. Let 
the combined contents run well up the tube, occlude 
the upper end with the finger and embed the lower 
end in a plasticine block. A white disc of precipitate may 
be seen within 5 min. 


Typing of group A streptococci 


For epidemiological studies it is valuable to identify the 
serotype of isolates of S. pyogenes. Strains should 
be typed with both agglutinating (T) and precipitating 
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(M) antisera. Sera may be obtained from the Central 
Public Health Laboratory, 61 Colindale Avenue, London 
NW¢9 5HT. 


Slide agglutination test 


Grow the strain of S. pyogenes in 5ml Todd Hewitt 
broth at 28°C for 18-24 h. Centrifuge and resuspend 
the deposit in 0.5 ml of the supernatant broth. Provided 


the suspension is not granular, place 6 loopfuls of it 


on separate areas of a clean glass slide and mix 
into each a small (1 mm) loopful of a different one of 6 
antiserum pools. Rock the slide to and fro for 1 min. 
If agglutination is seen with one of the pools of antisera, 
test fresh loopfuls of suspension with each specific 
serum represented in the pool. Strains may react with 
more than one type-specific serum, but the pattern 
of reactions is epidemiologically significant. 
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Pneumococci are involved chiefly in infections of 
the upper and lower respiratory tracts and are the 
most frequent bacterial cause of lobar and broncho- 
pneumonia in general practice and in hospital. They 
are also associated with acute bronchitis, acute 
exacerbations of chronic bronchitis, empyema, 
sinusitis, otitis media, meningitis, conjunctivitis, 
peritonitis and arthritis. They cause septicaemia 
in a proportion of these infections and it ts par- 
ticularly the septicaemic infections that may prove 
fatal. Before the introduction of antibiotics, pneumo- 
coccal infection was one of the commonest causes 
of death and it still causes many deaths, especially 
in patients for whom diagnosis and antibacterial 
therapy is delayed. 

The pneumococcus is part of the normal naso- 
and oropharyngeal flora of many healthy persons. 
The carrier rate varies widely between different 
population groups and between different times in the 
same group, e.g. from 0 to 70%, The pneumococcus 
generally remains harmless in the carriers, unless 
it is provoked by a viral infection such as influenza 
or the common cold to spread to the lower respira- 
tory tract, middle ear, a paranasal sinus or the blood. 
In this situation pneumococci are secondary patho- 
gens, but they have an important role as primary 
pathogens in persons who are immunocompromised, 
for example, as a consequence of chemo- or radio- 
therapy, in the elderly, in those with chronic renal 
disease and in those with stroke or trauma to the 
head who have aspirated secretions from the upper 
respiratory tract. Pneumococci can also be a primary 
cause of acute lobar pneumonia in previously healthy 
persons. 

In its biological characters the pneumococcus re- 
sembles the facultatively anaerobic streptococci and 
is correctly classified in the genus Streptococcus. In 
primary cultures on blood agar its colonies most 
closely resemble those of the viridans streptococci, 
from which ‘it must be carefully canis 
(Ch. 12). 


Morphology and staining 


Gram-positive cocci occurring in pairs (diplococci) 
or, usually short, chains. The cocci are about 1 km 
in diameter; in diplococci they are ovoid or lanceolate 
in shape, with their distal ends narrowed. ‘They are 
non-motile and non-sporing and all freshly isolated 
strains are capsulate. 


Cultural characters 


Aerobic and facultatively anaerobic. Grows best in 
air or hydrogen with 5-10% CO,, for which some 
strains have a strict requirement. Optumum tempera- 
ture for growth is 37°C, and range 25--40°C. Grows 
on ordinary media, but better on media with 5—-10% 
serum, blood or heated blood, which supplies nutri- 
ents, pH buffers and catalase. Colonies on blood 
agar are small, smooth and transparent. Low convex 
while tiny, they become flattened or depressed cen- 
trally, showing the ‘draughtsman form’, as they grow 
to a diameter of about 1 mm. Some strains, e.g. of 
type 3, which form very large capsules, tend to form 
larger, mucoid colonies, which may remain convex, 
and some culture media, e.g. Columbia agar, induce 
other strains to form such large, atypical colonies. 
A partial clearing of blood and a greenish discoloura- 
tion (a-haemolysis) is produced underneath and in a 
narrow zone around the colonies. This resembles 
the a-haemolytic zone formed by colonies of viridans 
streptococci, from which the pneumococci must 
be distinguished (Table 13.1). In primary cultures 
on blood agar, the flattened or draughtsman form of 
their colonies and their generally narrower zones 
of o-haemolysis helps to identify the pneumococci. 
Growth may be better anaerobically than aerobically 
and the haemolysis may then resemble the f- 
haemolytic type. 

The organisms tend to die fairly quickly in cultures, 
e.g. in the course of a day or two, particularly 
in aerobic cultures in media without blood. The dead 
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organisms tend to undergo autolysis. Thus an aerobic 
culture in shallow nutrient broth may be uniformly 
turbid after 6-12h and become clear by autolysis 
within 24 h. 

On repeated subculture the capsulate, smooth- 
colony-forming (S form) pneumococci may give 
tise to a few non-capsulate, rough-colonied (R 
form) mutant organisms, The R forms give granular 
instead of smooth growth in broth and are non- 
virulent. 


Diagnostic culture 


| Media have been described which facilitate the isola- 
| tion of small numbers of pneumococci from sputum 
heavily contaminated with secondary invaders or 
throat and mouth commensal bacteria, but with 
“ the advent of reliable tests for antigen detection in 
clinical samples there is no longer any require- 
ment for the use of these antibiotic-containing 
selective media* to suppress growth of commensal 
organisms, 

Any nutrient base with the addition of 5% horse 
blood, e.g. Columbia agar + 5% horse blood (Oxoid) 

is effective. Incubation should be in 5—-10% CO,. 


Biochemical reactions 


Catalase negative and oxidase negative. Form acid 
but not gas from glucose, lactose and sucrose, and 
many strains also from inulin. A valuable identifying 
property is the solubility of cultures in bile or bile 
salt, which brings about autolysis of the cocci.* 





* Refer to Methods at the end of this chapter. 
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Sensitivity to chemical and physical 
agents 


Killed by moist heat at 55°C in 10 min, and readily 
by most disinfectants. Die fairly quickly in laboratory 


cultures, which should be freeze-dried rather than 


subcultured for maintenance of the S form. Differ 
from other streptococci in being highly sensitive 
to killing by optochin (ethyl hydrocuprein hydro- 
chloride), e.g. at a concentration of 0.001%, nearly: 
a hundred times less than is effective against other 
streptococci. The optochin sensitivity test* provides 
the simplest and most reliable means of identifying 
pneumococci and distinguishing them from viridans 
streptococci. 

Most strains are highly sensitive to benzylpenicillin, 
other penicillins, such as amoxycillin, cephalosporins, 
erythromycin and cotrimoxazole. Their infections 
are thus amenable to treatment with ampicillin and 
erythromycin, drugs effective against other common 
causal agents of pneumonia and often given initially 
to patients whose infecting organism has not yet 
been identified. In recent years strains have appeared 
that show increased resistance to the above named 
antibiotics, and some strains resistant to all the B- 
lactam antibiotics and erythromycin have been re- 
ported from various parts of the world, notably 
from South Africa and Spain. Increasing numbers of 
penicillin-resistant pneumococci* are now isolated 
in the UK. 


Antigenic characters 


Some 83 serotypes of pneumococcus are distin- 
guished by differences in the nature of the polysac- 
charide antigen that composes their capsules and is 
partiy secreted into the culture medium in the form 
of a loose slime, or ‘specific soluble substance” (SSS). 
The type of a pneumococcus is determined by its 
reactions with type-specific antisera, tested first in 
pools and then singly. The tests may be done by 
agglutination of washed capsulate cocci or precipi- 
tation of SSS from culture supernates, but most 
simply by Neufeld’s ‘quellung’ or ‘swelling’ reaction,* 
wherein the homologous specific antiserum coats 
and outlines with antibody the margin of the hitherto 
invisible capsule and so makes the cocci appear 
enlarged. ‘The quellung reaction may be demon- 
strated directly in tests on a specimen of sputum or 
pus or with a young broth or blood agar culture. 
Pneumococci of some types, e.g. 1, 2, 3, 5, 7, 8, 9, 12, 
14, 18, 19 and 23, appear to cause severe infections 
more commonly than other types, but the frequency 
of infections with the different types varies from 
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place to place and time to time. Immunity to infec- 
tion depends mainly on the formation of opsonizing 
antibody to the capsular antigen and is thus type- 
specific. 


Animal pathogenicity 


Most, but not all strains from infective conditions 
in man are virulent for the mouse, and therein 
distinguished from viridans streptococci, which are 
non-virulent. The intraperitoneal injection of a small 
dose of pneumococci generally causes peritonitis, 
septicaemia and death of the mouse within 1—3 days. 
As most respiratory tract commensal bacteria, unlike 
the pneumococcus, arc killed by the mouse’s phago- 
cytes, the animal may serve like a selective culture 
medium and facilitate the isolation of scanty pneu- 
mococci from sputum or other specimen heavily con- 
taminated with upper respiratory tract commensals. 
After-inoculation of the specimen, or a-young blood 
broth culture from it, the pneumococcus quickly 
establishes itself as the predominant organism in 
the peritoneal cavity and then appears as a pure 
culture in the mouse’s blood. Rabbits also are highly 
susceptible to the pneumococcus. 


LABORATORY DIAGNOSIS OF 
PNEUMOCOCCAL INFECTIONS 


Diagnosis is generally done by demonstrating the 
presence of pneumococci in a specimen of sputum, 
lung aspirate, pleural fluid, cerebrospinal fluid, urine 
or blood by Gram film and culture, and then ident- 
fying the culture in an optochin sensitivity test. This 
approach is likely to be successful when a heavily 
infected specimen is collected early in the illness 
and before the start of antibiotic therapy. 

There is little difficulty in detecting a pneumo- 
coccus by culture and recognizing its pathogenic 
significance when it is present as sole organism in a 
specimen of blood, cerebrospinal fluid, or exudate 
from a site, such as a joint or the middle ear, not 
normally containing commensal bacteria, but both 
isolation and the assessment of significance may be 
difficult 1f the specimen is one, such as sputum, 
which is liable to be contaminated heavily with upper 
respiratory tract secretions and commensal bacteria. 
Scanty pneumococci may not be detected because 
they are overgrown in culture by the predominant 
commensals. If scanty pneumococci are detected, 
ijt cannot be assumed that they have a pathogenic 
role, for they may have entered and contaminated 
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the specimen from a site of harmless carriage in the 
nasopharynx. 


Pneumococcal antigen detection 


The available immunoassays are counterimmuno- 
electrophoresis (CIE), latex agglutination (LA), 
coagglutination (COA) and en immuno- 
sorbent assays (ELISA): 

Whitby et al (1985) found CIE* as sensitive and 
specific as LA and COA, but the agglutination tests 
were easier to perform, more easily read and quicker 
(1-2 min). Discrepancies have been reported in the 
use of CIE in repeated tests on the same samples 
by different workers (Edwards & Coonrod 1980) but 
it is a useful test in experienced hands. 

LA and COA are more sensitive im vitro than 
CIE but may be less so zm vivo. Non-specific aggluti- 
nation reactions occur, but by boiling specimens 
before testing, these reactions can be reduced in 
number. Some COA tests are insensitivite for certain 
serotypes (Suwanagoo] et al 1986). 

ELISA is more sensitive than agglutination methods, 
but tests are time-consuming and non-specific reac- 
tivity is a problem. Few evaluations of ELISA in 
pneumococcal pneumonia have been published 
(Farrington & Rubenstein 1991). 


Examination of sputum 


Expectorated sputum is the specimen most com- 
monly submitted for examination for pneumococci 
and it is with sputum that difficulties of isolation and 
interpretation most commonly arise. Many persons 
carry pneumococci harmlessly in the throat and some 
of these cocci, as well as numerous other throat 
commensal bacteria, are likely to contaminate spu- 
tum as it is expelled through the throat and mouth. 
That such contamination is indeed frequent has 
been shown by comparison of cultures of bronchial 
swabs taken by a method excluding contamina- 
tion from the throat with cultures of throat swabs 
and expectorated sputum from the same patients 
(Brumfitt et al 1957, Lees & McNaught 1959). If 
contaminating pneumococci are found in sputum 
from a lung infection caused by an undetected agent 
such as a virus, mycoplasma, legionelia or myco- 
bacterium, they may wrongly be thought the causal 
organism and inappropriate treatment be given to 
the patient. 

Clearly the difficulties of sputum bacteriology 
could be avoided if all patients could be examined 
by needle aspiration of the lung, by transtracheal 
aspiration, or by rigorous swabbing of the bronchi 
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through a bronchoscope by a method like that of 
Brumfitt et al, but such procedures are too intrusive 
and specialized for routine application. 

No currently available method for the diagnosis 
of pneumococcal pneumonia is ideally sensitive or 
specific even when specimens of sputum have been 
taken with meticulous care and carefully processed. 
Moreover, although a Gram stain of sputum is cheap 
and easily done, about 30% of patients do not ex- 
pectorate (Research Committee, British Thoracic 
Society and Public Health Laboratory Service, 1987) 
and only 60% sensitivity (but 90% specificity) can be 
obtained (Rein et al 1978). This may be explained 
by the presence of pneumococci as commensals 
of the upper respiratory tract in many adults and 
children. Furthermore, antibiotic treatment severely 
compromises positive results. 

Antigen detection is now a common procedure 


in Jaboratories and capsular polysaccharides are the 


antigens involved. They are robust and detectable 
in both intact and degraded forms in many speci- 
mens, the highest concentrations being obtained in 
patients who are the most severely infected. A major 
drawback, however, is that they do not differentiate 
between colonization of the person and infection, 
and Omniserum (Statens Seruminstitut, DK 2300, 
Copenhagen, Denmark), the source of antibody for 
many of the immunoassays, may cross-react with 
antigens of some viridans streptococci (Yurchah & 
Austrian 1966). Further drawbacks in detection of 
antigen include cost and lack of sensitivity (Bartlett 
1987, Gottlieb et al 1987), but one of the principal 
advantages in their use is that they can give positive 
results even if the pati:nt is on antibiotic therapy. 


Blood culture 


Many pneumococcal infections are associated with 
a bacteraemia or septicaemia, and whenever such a 
condition seems possible, a blood culture should be 
attempted. This procedure is particularly valuable 
in cases of suspected pneumonia, for it may be 
possible to isolate pneumococci from the blood in 
cases in which overgrowth by commensal bacteria 
prevents their isolation from sputum. Moreover the 
finding of pneumococci in the blood is much better 
evidence of their pathogenic role in the lung than is 
their finding in sputum, where they might be present 
only as contaminants from the throat. 


Cerebrospinal fluid 


The bacteriological examination of CSF from cases 
of suspected meningitis is specially important, for 
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unless promptly treated a pneumococcal meningitis 
may be fatal. A centrifuged deposit of the CSF 
should be examined immediately in a Gram film and 
cultured on plates of blood agar and heated-blood 
agar incubated in air with 55-10% CO,. As pneumo- 
cocci readily undergo autolysis and intact forms may 
be scanty, the film should be made with both thick 
and thin areas, and be searched carefully for about 
10 min before discarding as negative. A positive 
finding in the film should be phoned without delay 
to the physician as it will influence the choice of 
antibiouc for therapy. 

Antigen detection Js a critical investigation in the 
examination of CSF and must be done concomi- 
tantly with culture procedures. Detection of capsular 
polysaccharides must be a routine element in labora- 
tory tests because of the possibilities of a quick 
diagnosis of the infection and it must be mandatory 
if antibiotics have been given to the patient prior to 
collection of the specimen which, in all probability, 
will contain no viable cocci and will therefore be 
culture-negative. 

Of the range of immunoassays available COA can 
be used but an LA method* (Wellcogen Streptococcus 
pneumomiae kit, Murex) is available which is similar 
to COA, convenient to use and gives results as 
favourable as any other test. In this multivalent test, 
latex particles are coated with appropriate antibody. 


Serum 
All methods for the detection of capsular poly- 


saccharides are only weakly sensitive. LA (Wellcogen, 


Murex) can be used. 


Urine 


For detection of antigen this is a more satisfactory 
specimen than sputum because of its availability, 
ease of collection, lesser nsk of contamination, and 
lower content of potentially interfering antibody 
(Farrington & Rubenstein 1991), Despite these 
favourable factors, however, only partial success has 
been reported with the use of LA* or COA in urine 
assays (Ajello 1987, Isaacs 1988). 


Identification 


‘The presence of pneumococci is suggested by the 
finding of Gram-positive diplococci in films and a- 
haemolytic draughtsman colonies in cultures, and 
then may at once be reported on a tentative basis 
to the physician, but some pneumococcal strains 
form chains and some streptococci, e.g. group B, 
may form many diplococci. Moreover, some viridans 
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streptococci may form flattened colonies resembling 
those of pneumococci. An identifying test must 
therefore be done before a definitive report is made. 

The optochin test* is recommended as the simplest 
and most reliable method, though if results are in 
doubt the bile solubility test* should be done as 
well. The optochin test may be done at the same 
time as antibiotic sensitivity tests on a plate sub- 
culture from colonies on the primary diagnostic 
plate, but if this is done the definitive report is de- 
layed by a day. Time can be saved by doing these 
tests on the primary plate, particularly if many Gram- 
positive diplococci have been seen in a film of the 
specimen. An optochin disc and a penicillin disc 
may be placed separately on an area of the plate 
heavily seeded with diluted sputum, CSF deposit 
or broth from an incubated blood culture bottle, so 
that the identification and sensitivity may be known 
when the pneumococcus-like colonies are first seen. 

Instead of an optochin test being made om the 
primary culture plate, a suspect colony can be iden- 
tified as pneumococcal by a bile solubility test 
performed on it in situ, on the plate (Hawn & Beebe 
1965) as described under Method 2 below.* The 
tested colony will then be non-viable and another, 
similar colony must be subcultured for any further 
tests. | 

As antibiotics have replaced type-specific antisera 
for the treatrnent of infections, determination of 
the capsule serotype of a patient’s strain* is not 
required for clinical care. It should be done only if 
required for the purpose of a well based epidemio- 
logical study. 


METHODS _ 


Selective medium 


The use of a selective culture medium is seldom 
required, but the medium of Nichols & Freeman (1980) 
is inhibitory to many respiratory-tract bacteria other 
than the pneumococcus, viridans streptococci and 
enterococci. 


1. Prepare and autoclave Columbia agar as the 
base medium. Cool to 55°C. 

2. Add, with thorough mixing, sterile preparations 
or solutions of the following, to give the final concen- 
trations as stated: 

defibrinated horse blood to 10%, 

crystal violet to 2 mg/litre (1 in 500 000), 

nalidixic acid to 50 mg/litre, 

gentamicin to 2 mg/litre. 

3. Pour plates, set, dry and seed heavily. 
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Detection of penicillin resistance 


Use a methicillin (5 1g), or more usually an oxacillin 
(1 ug) disc (Jacobs et al 1980). 


Opiochin sensitivity test 


This simple and reliable test (Bowers & Jeffries 1955) 
distinguishes pneumococci from viridans streptococci. 
Place a paper disc containing 5 ng of optochin (ethyl 
hydrocuprein) on an area of a blood agar plate that 
has been spread confluently with material from the 
specimen or a light broth suspension of pneumo- 
coccus-like colonies from the primary diagnostic plate. 
Incubate at 37°C in air with 5-10% CO,. A growth of 
pneumococcus will be inhibited in a zone extending 
radially for at least 5 mm from the margin of the disc. 
Viridans streptococci will grow right up to the disc. 


Bile. solubility test 


Pneumococci are soluble in bile; viridans and other 
streptococci are not. The test may be done by either 
of the following methods (Cowan 1974). 

Method 1. Grow the isolate to be tested for 18h 
at 37°C in 5 ml serum, digest broth or infusion broth. 
While stili warm, add 0.5 ml of 10% sodium deoxy- 
cholate solution and reincubate at 37°C. Pneumococci 
are lysed within 15 min and the initially turbid culture 
becomes clear and transparent. A glucose-containing 
medium should not be used as the reaction of the 
culture must not become more acid than pH 6.8. 

Method 2. A rapid presumptive test may be made on 
the primary plate culture. Touch a suspected pneumo- 
coccal colony with a loopful of 2% sodium deoxycholate 
solution at pH 7.0. Incubate the plate for 30 min at 
37°C. Colonies of pneumococcus disappear, leaving 
an area of a-haemolysis on the blood agar. 

Control tests should be done with standard cultures 
of S. pneumoniae (positive) and S. faecalis (negative). 


Swelling test 


As there are about 83 capsule serotypes of pneumo- 


- cocci and 23 or more may be causing infections in a 


community at any one time, a wide range of type- 
specific sera is required for type determination. The 
sera are laborious to prepare and relatively expensive 
to purchase, and unless many isolates have to be 
typed, cultures should be sent for typing to a pneumo- 
coccus reference laboratory. 

Antipneumococcal rabbit sera (Omniserum) may be 
purchased from the State Serum Institute, DK 2300, 
Copenhagen, Denmark. Pooled sera as well as indi- 
vidual type-specific sera may be obtained. A dye such 
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as methylene blue is often added io typing sera so 
that the bodies of the cocci may be stained and thus 
made easier to see and distinguishable from the 
unstained capsules. ee 

The test is done under the microscope in a wet 
film containing the cocci and antiserum. Pooled sera 
may be tested first and then in turn the individual 
type-specific sera until one of them is found to give a 
‘positive result. The wet film may be made from a 
suspension of pneumococcus culture, or directly with 
the patient’s sputum, pus or CSF, or with the peritoneal 
exudate from an experimentally infected mouse. Ideally 
the fluid should contain unlysed pneumococci in only 
moderate numbers; the capsules should be large but 
there should be littie dissolved SSS, which would tend 
to deviate antibody from them. A suitable suspension 
of cocci can be prepared from a culture grown in broth 
for only 5h or on blood agar or 0.1% giucose blood 
agar for about 10h. The cocci should first be sus- 
pended in saline (0.85% NaCl), then separated from 
the saline and dissolved SSS by centrifugation, and 
finaily resuspended to a low density (minimum visible 
turoidity) in fresh saline. 


Procedure 


Place a loopfu! of the culture suspension or exudate on 
a microscope slide and mix in a loopful of antiserum. 
Apply a thin coverslip and examine under oil-immersion 
either with a phase-contrast microscope or with an 
ordinary microscope with the condenser slightly de- 
focused to reduce the intensity of illumination. If the 
serum contains antibodies homologous for the cocci, 
the margins of the capsules will become refractile and 
visible, separated from the coccal bodies by the width 
of the capsules, and agglutination of some.of the 
capsulate cocci may be seen. With heterologous serum 
the capsules remain invisible and only the coccal 
bodies can be detected. | 


Tests for pneumococcal antigen 


Coagglutination test (COA) on cerebrospinal fluid 


The Phadebact Pneumococcus Test (Pharmacia), is 
_used to detect pneumococcus antigen in CSF. Kits are 
also available to detect the antigens of meningococcus, 
group B strepiococcus and type B Haemophilus 
influenzae in CSF. | 
The reagent is a suspension of killed Staphylococcus 
aureus coated with type-specific pneumococcal anti- 
bodies bound by their Fe structures to the protein 
A of the staphylococcal cell wall. When live or dead 
pneumococci or free SSS antigens in CSF are added, 
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they cause coagglutination of the staphylococci visible 
in a slide test. 

Methods for preparing the suspensions are de- 
scribed by Kronvall (1973), type-specific reagents by 
coating the cocci with a single type-specific serum 
and a species-specific ‘omni-reagent’ by coating with a 
mixture of sera to a wide range of capsule serotypes. 

Procedure. | 

1. Heat the specimen of CSF at 80°C for 5 min. 
Remove any red cells by low-speed centrifugation. 

2. Place one drop of each reagent on the separate 
sites on a marked test slide. 

3. Add one drop of the preheated CSF to each drop 
of reagent. 

4, Mix each arop with a separate disposable loop. 

5. Continue mixing by tilting the slide to and fro for 
1 min. 

6. Read the result immediately to avoid misinter- 
pretation of granularity caused by drying. 

7. Take as a positive result an agglutination in one 
of the reagents stronger and quicker than that in the 
others. Reactions with type-specific reagents are gen- 
erally seen within seconds, but those with the omni- 
reagent are weaker and slower, taking at least a minute 
to become visible. 


Absence of agglutination usually denotes absence 
of infection with the corresponding organism, but in a 
few cases where COA is negative, the organism may 
be grown in culture. : 


Typing pneumococci by COA 


The COA test may be used to type cultures of pneumo- 
cocci (Kronvall 1973). It gives results in complete 
agreement with the swelling test, but uses less anti- 
serum and, as not requiring microscopy, is quicker and 
easier to perform. 


1. Place two drops of the typing reagent on the 
centre of a microscope slide. 

2. Emulsify in them one or more colonies of the 
pneumococcus culture. 

3. Observe the slide with the naked eye for up to 
2 min while continually mixing. Agglutination, denoting 
a positive result, usually becomes clearly visible within 
seconds. Compare the reaction with a parallel test of 
the same culture in heterologous serum, which should 
give no, or only minimal, granularity. 


Latex agglutination test (LA) 


This test is now widely used and kits are available 
as Wellcogen Streptococcus pneumoniae trom Murex. 
lt is a rapid test for the qualitative detection of capsular 
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-antigen from Streptococcus pneumoniae present in 


CSF, urine, serum, pleural fluid, sputum and blood 
cultures. 

The Wellcogen reagent consists of polystyrene 
latex particles coated with antibodies purified from 
an omnivalent serum that reacts with all recognized 
serological types of pneumococci. These latex parti- 


cles agglutinate in the presence of sufficient arnounts° 


of homologous antigen. Because some body fluid 
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Neisseria, Moraxella, Acinetobacter 
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The medically important aerobic Gram-negative 
diplococci are members of the genus Neisseria and 
of the sub-genus of Moraxella, Moraxella (syn. 
Branhamella) catarrhalis, although the Gram-negative 
rods of Acinetobacter spp may sometimes appear 
as diplococci in stationary phase culture. 

The distinguishing features of these are shown in 
Table 14.1. The meningococcus, N. meningitidis, and 
the gonococcus, N. gonorrhoeae, are the important 
pathogens in the genus Neisseria, other Neisseria 
species are commonly found as commensals in the 
upper respiratory tract. N. meningitidis gives rise to 
septicaemia and meningitis with or without sepn- 
caemia; it is normally carried in the throat but may 
be found in other sites such as the genital tract, where 
its presence is not usually of pathological signifi- 
cance. N. gonorrhoeae causes gonorrhoea, a sexually 
transmitted infection of the genitourinary tract, but 
may occasionally be found in the throat. Sometimes 
systemic spread gives rise to disseminated gonococcal 
infection, characterized by arthritis with or without 
skin lesions. 

Moraxella catarrhahs is the only important member 
of the sub-genus Branhamella (Bovre 1984). This 
organism is normally an upper respiratory tract 
commensal but occasionally gives rise to respiratory 
infection, usually as an opportunist pathogen, //. 
catarrhalis was formerly classified in the genus Nezsse- 
ria but differs from Neisseria in DNA base content, 
fatty acid composition, and inability to produce acid 
from carbohydrates (Catlin 1990). 

Neisseria spp and M. catarrhalis are recognized in a 
clinical specimen by the appearance of oval Gram- 
negative diplococci with flattened or concave opposing 
edges and long axes parallel, either lying free in the 
specimen or, in the case of N. meningitidis and N. 
gonorrhoeae, often inside polymorphonuclear leuco- 
cytes. The colonies of neisseriae differ according to 
the species, but all are oxidase positive. Those of the 
pathogenic N. meningitidis and N. gonorrhoeae species 
are small and mucoid, whereas those of other species 


tend to be larger, may be smooth or rough and tend 

to be sticky so that colonies adhere to a wire loop. 

In general, gonococci and meningococci may be 

distinguished from other neisseriae by their ability 

to grow on appropriate selective media. However 

N. lactamica, which is commonly found in the throat _ 
and resembles N. meningitidis closely on. culture, 

grows well on the selective media, as does N. 

polysacchareae; some strains of M. catarrhals may 

also grow on the selective media. 

N. meningitidis and N. gonorrhoeae must be iden- 
tified accurately both for general medical and for 
medico-legal purposes; the biochemical reactions 
that distinguish the species of Neisseria from each 
other are shown in Table 14.1. Several commercial 
identification systems based on a variety of bio- 
chemical and immunological methods are available 
for the rapid identification of pathogenic Nezssena 
(Dillon et al 1988). Four of the most popular com- 
mercial systems are the API NH (bioMeérieux) and 
that of Rosco Diagnostica which use a combination 
of sugar utilization and chromogenic substrates, 
Gonochek II (Turner) which relies solely on chromo- 
genic substrates, and the Phadebact Monoclonal 
GC test (Boule) which is based on separate pools 
of monoclonal antibodies to gonococcal protein 
I and differentiates between gonococcal and non- 
gonococcal organisms only. The majority of iden- 
tification systems have limitations (Young & Reid 
1988) and it is prudent not to rely on a single test; 
isolates giving discrepant results should be for- 
warded to an appropriate reference laboratory. 
The AccuProbe culture confirmation test for N. 
gonorrhoeae (Gen Probe) which utilizes a DNA probe 
derived from rRNA is highly reliable in differen- 
tiating between gonococcal and non-gonococcal 
organisms (Young & Moyes 1993) and should prove 
useful in confirming the identity of gonococci in 
the reference laboratory. Tests that require the pre- 
paration of suspensions of suspected N. meningitidis 
must be done in a microbiological safety cabinet 
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(Ch. 3) and the suspensions must be made within 
the cabinet. 


Quality control 


Reliable diagnosis or exclusion of gonococcal or 
meningococcal infection depends upon high micro- 
biological standards. Procedures must be subjected 
to proper quality control and the efficiency of culture 
carefully monitored. The percentage of microscopy- 
positive specimens that fail to yield gonococci on 
selective medium (possibly because of antibiotic 
sensitivity) should be determined by correlating the 
results of microscopy and culture; a figure of 1—-2% 
is acceptable. 


NEISSERIA MENINGITIDIS 


N. meningitidis may be differentiated from com- 
mensal neisseriae and M. catarrhalis by its require- 
ment for enriched culture media, the beneficial effect 
of (if not absolute requirement for) added CO, in the 
atmosphere used for primary isolation, and growth 
within a narrow temperature range (Table 14.1). 
It is further differentiated from other species by its 
utilization of both glucose and maltose and, in capsu- 
lated strains, by agglutination with group-specific 
antiserum; these are the features of principal impor- 
tance in diagnostic work. 


Morphology and staining 


Oval Gram-negative: diplococci, with flattened or 
concave opposing edges and the long axes parallel; 
about 0.8 um in diameter; typically seen in large 
numbers inside polymorphonuclear leucocytes, 
Films from cultures show more rounded cocci and 
some pleomorphism with irregular staining. Capsules 
are not ordinarily evident; non-sporing; non-motile. 


Cultural characters 


Aecrobe, but primary cultures grow better in an 
atmosphere containing 5-10% CQ,. ‘Temperature 
range 25-42°C, optimum 35-36°C. Optimum pH 
7.0-7.4. Strains will grow on Mueller-Hinton me- 
dium without the addition of blood or serum but 
grow poorly if at all on most unenriched media. 
After incubation in 5-10% CO, in air for 24h at 
37°C colonies on blood agar are 1-2 mm in diameter, 
convex, grey and translucent. After 48h colonies 
are larger with an opaque raised centre and thin 


NEISSERIA, MORAXELLA, ACINETOBACTER. * 


transparent margins which may be crenated. No 
haemolysis on blood agar. Colonies are slightly larger 
on heated blood (chocolate) agar than on ordinary 
blood agar. 


Biochemical reactions 


Oxidase reaction: quickly positive when the reagent 
is flooded on to agar cultures. Utilize glucose and 
maltose but not lactose or sucrose. Occasional strains 
are found that utilize only glucose or maltose on pri- 
mary isolation; repeated subculture of these strains 
may be necessary before they utilize both sugars. 
Non-maltose-utilizing strains of N. meningitidis may 
be mistaken for gonococci. This could be of medico- 
legal importance but may be resolved by testing 
for gamma-glutamyl aminopeptidase. activity which 
is found in meningococci but not gonococci (see 
Table 14,1). If there is any doubt about the identity 
of the neisseria in this situation it should be for- 
warded to a reference laboratory for further examina- 
tion. An organism with the growth and biochemical 
characteristics of N. meningitidis and the serological 
characteristics of N. gonorrhoeae has been isolated 
from a vaginal swab (Hodge et al 1987). This under- 
lines the importance of seeking expert advice with 
atypical neisseriae. 


Sensitivity to physical and chemical 
agents 


Dies within a few days at room temperature but 
cultures may be maintained on Dorset’s egg medium 
or heated blood agar slopes in screw-capped bijou 
bottles for several weeks. Colonies emulsified in 
peptone water will survive at —70°C or in liquid nttro- 
gen for years, but freeze-drying is preferable for 
long-term storage (see also Microbank system de- 
scribed under N. gonorrhoeae below). Killed at 55°C 
in 5 min. Readily killed by disinfectants at their 
correct use-dilution. 


Antibiotic sensitivity 

N. meningitidis is sensitive to a wide variety of anti- 
biotics, of which benzylpenicillin, chloramphenicol 
and rifampicin are the most important; it 1s also 
sensitive to the more recent cephalosporins, e.g. 
cefuroxime and cefotaxime, and to 4-quinolones, 
e.g. ciprofloxacin. However strains with a raised 
MIC of penicillin (=> 1mg/litre) occur, as do strains 
resistant to rifampicin, both naturally or following 
rifampicin prophylaxis applied to contacts of cases of 
meningococcal infection. Some 10-20% of strains 
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are resistant to sulphonamides, and all strains are 
resistant to trimethoprim and colistin. 


Serogrouping 


The serogroups of meningococci of pathological 
importance whose polysaccharide antigen structure 
has been determined are: A, B; C, X, Y, Z, Z’ (29E) 
and W135. Further serogroups H, I, K and L have 
also been described but their pathological signifi- 
cance is not yet clear. A group D was described by 
Branham (1958) but no capsular polysaccharide 
specific for this group has yet been demonstrated. 
Meningococci of groups A and C are those princi- 
pally associated with epidemics; group B meningo- 
cocci are the common inter-epidemic strains but 
epidemics due to these organisms have been de- 
scribed in Scandinavia, Cuba and South America. 
Non-serogroupable strains are commonly found in 
carriers, but rarely in disease. 

Outer membrane protein and lipoprotein serotypes 
occur within groups A, B, C, Y and W135 and may 
be identified by reference laboratories for epidemio- 
logical purposes. Meningococci are typed on the 
basis of their Class 2 or 3 outer membrane proteins 
(OMP) and sub-typed by their class 1 OMP. A 
detailed identification of a meningococcus by group, 
type and subtype antigens, e.g. a group B meningo- 
coccus of type 15 with the protein subtype antigen 
P1.16 would be shown as B:15:P1.16 (Frasch et al 
1985). ‘Types 2, 15 and recently 4, have been parti- 
cularly associated with Group B meningococcal 
disease. Group, type and subtype are phenotypic 
characteristics; hence, for example, group B menin- 
gococci of types 4 or 15 may belong to the same 
genotype (Caugant et al 1991). The majority of 
group C meningococci are of type 2 (2a or 2b). 


Animal pathogenicity 


Intravenous inoculation of viable meningococci into 
rabbits may be fatal within 24 h but animal tests are 
not used for diagnosis. 
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LABORATORY DIAGNOSIS OF ts 
MENINGOCOCCAL INFECTION 


Specimens may include cerebrospinal fluid (CSF), 
blood for culture (which may come from a patient 
with meningitis, a haemorrhagic rash or pyrexia of 
uncertain origin), aspirate from skin lesions or pus 


from an infected joint. Throat or nasopharyngeal . 
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swabs should always be taken from suspected cases 
in case CSF or blood are not available or fail to yield 


growth on culture. In certain circumstances, genital 


swabs may be collected from suspected cartters. 
Swabs are plunged into transport medium (e.g. 
Stuart’s) for forwarding to the laboratory; all speci- 
mens where meningococcal infection is suspected 
must be submitted to the laboratory immediately. 


Cerebrospinal fluid 


1. Perform a cell count (see Ch. 4); the exudate 
in meningococcal meningitis is typically polymor- 
phonuclear. 

2. Centrifuge the remaining CSF. Make a smear 
of the centrifuged deposit and stain with Gram stain. 
Stain a second film with methylene blue to determine 
the cell type; occasionally, diplococci may be seen 


more easily with this stain. CSF from a typical case of 


meningococcal meningitis will show Gram-negative 
diplococct inside a limited proportion of the pus cells; 
many are extracellular. If fluorescein isothiocyanate- 
coupled antiserum is available, a smear of the de- 
posit may be examined for the direct identification 
of the meningococcal serogroup responsible for 
infection (Fallon 1983). 

3. Divide the supernatant CSF into two aliquots — 
one to be kept if necessary for biochemical examina- 
tion, the other to be examined for the presence of 
meningococcal polysaccharide antigen by counter- 
immunoelectrophoresis, latex agglutination* or 
coagglutination. 

4. Plate out the centrifuged deposit on both 
blood and heated blood agar and incubate at 37°C in 
5-10% CO, for 24 h. Add Robertson’s cooked meat 
broth to the remaining deposit, incubate overnight 
and subculture in the same way. Examine colonies 
appearing after incubation by Gram stain and oxidase 
reaction, 

5. Set up the rapid carbohydrate utilization test 
(RCUT)* or inoculate a set of Flynn & Waitkins 
sugar media®* for utilization reactions. In addition 
to glucose, maltose, lactose and sucrose, inoculate 
an ONPG tube; the ONPG medium base used is 
Mueller-Hinton broth. This Jatter test will identify 
strains of N. lactamica where lactose utilization on 
solid media may be slow. 

Forward cultures of organisms identified as menin- 
gococci by sugar utilization reactions to an appro- 
priate reference laboratory for determination of 
sulphonamide sensitivity, serogrouping and, where 
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* Refer to Methods at the end of this chapter. 
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appropriate for epidemiological purposes, serotyping 
(PHLS Meningococcal ..Reference Unit, Public 
Health Laboratory, Withington Hospital, Manches- 
ter M20 8LR; Dr L. E. Smart, Scottish Meningo- 
coccus/Pneumococcus Reference Laboratory, Ruchill 
Hospital, Bilsland Drive, Glasgow G20 9NB). 

6. Set up antibiotic sensitivity tests, Strains resist- 
ant to penicillin have not yet been described although 
for a small proportion of strains isolated in Spain 
(Sdez-Nieto et al 1992) the MIC is as high as 0.8 mg/ 
litre; this antibiotic should be tested along with 
cefotaxime, chloramphenicol and rifampicin. Appro- 
priate concentrations are benzylpenicillin 1.2 pg, 
(2 units)/disc, cefotaxime 10g, chloramphenicol 
10 ig, rifampicin 10 pg. Disc testing for sulphona- 
mide sensitivity is satisfactory provided a 25 ug 
sulphadiazine disc is used in a Stokes technique with 
a control sensitive meningococcus. Preferably, test 
by the agar dilution method using Mueller-Hinton 
agar as described by Fallon (1978). The inoculum 
should be a 1-in-50 dilution of a shaken overnight 
broth culture and a suitable range of concentrations 
of sulphadiazine is 0.1, 1, 10, 50 and 100 mg/litre. 
Strains resistant to 10 mg/I are resistant to sulphona- 
mide therapy; strains resistant to 1 mg/l may not be 
eradicated from the nasopharynx if sulphonamides 
are used for chemoprophylaxis. 

7. Serogrouping is performed by slide agglutina- 
tion with hyperimmune sera (Murex). Care must 
be taken to test a strain against antiserum to each 
serogroup as fine non-specific agglutination may 
occur which may be thought to be specific unless 
the reaction with all antisera has been checked, If 
difficulty is experienced in serogrouping, the culture 
may be plated on Mueller-Hinton agar containing 
about 5% (depending on the strength of the serum) 
group-specific antiserum. A halo of precipitate ap- 
pearing in the medium round the colonies after 
24—48 h incubation is a positive reaction (Craven 
& Frasch 1979). 


Blood cultures 

Subculture to blood agar and heated blood agar. 
Incubate cultures in 5-10% CQO, for 24h and 
examine oxidase-positive colonies of Gram-negative 
diplococci as above. 


Pus, aspirates and swabs 


Examine Gram-stained films and inoculate pus, 
aspirates and swabs on to selective heated blood 
agar* or Modified New York City (MNYC) medium” 


- ee == 


NEISSERIA, MORAXELLA, ACINETOBACTER > 


in addition to media normally used for the examination 
of pus from any source. 


Serological diagnosis 


Paired sera may be tested for the presence of 
complement-fixing antibodies (Ross & Stevenson 
1962). This test is helpful in cases where no 
organisms have been isolated or in obscure pyrexias, 
which may be due to chronic meningococcal septi- 
caemia. Specific antibodies to capsular polysaccha- 


‘ride may be demonstrated by a haemagglutination 


test (Edwards & Driscoll 1967). ELISA tests are 
being standardized internationally for the demon- 
stration of antibodies both as evidence of infection 
as well as of response to immunization or carriage. 


NEISSERIA GONORRHOEAE h 
Morphology and staining of N. gonorrhoeae are 
identical to those of N. meningitidis (see above). The 
main character that distinguishes the gonococcus 
from the meningococcus is the ability to produce 
acid from glucose but not maltose. 


Cultural characters 


A delicate organism with exacting nutritional and 
environmental requirements. Aerobe, but most 
strains have an absolute requirement for CO,. Opti- 
mum pH 7.0-7.4, Recommended culture media 
contain a rich nutrient base supplemented with 
blood, either partially lysed by heat (chocolate agar) 
or completely lysed by saponin; unlysed blood agar 
is not recommended for diagnostic cultures. Selec- 
tive media are valuable in isolating gonococci from 
heavily contaminated sites such as the rectum or 
pharynx. 

After incubation for 24h in a moist aerobic envi- 
ronment enriched with 5-10% CQO,, coionies on 
Modified New York City (MNYC) medium are 
small (c. 1] mm), grey and convex; after 48h the 
colonies are larger (1.5-2.5 mm), sometimes with a 
crenated margin and an opaque raised centre. Con- 
siderabie variation in size occurs with gonococcal 
colonies and on most culture media the colony 
outline is irregular, unlike the circular colonies of 
N. meningitidis. On Thayer—Martin medium growth 
is slower; although colonies are similar to those on 
MNYC medium they are usually smaller. 

Naturally occurring variants with specific require- 
ments for particular amino acids, bases or vitamins 
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may be detected; this has been exploited (auxotyping) 
for epidemiological tracing (Catlin 1973), 


Biochemical reactions 


The gonococcus is oxidase positive and utilizes 
glucose but not maltose, sucrose, lactose or fructose 
(see Table 14.1). The rapid carbohydrate utilization 
test (RCUT; Young 1978a) measures preformed 
enzymes and provides a quicker and more reliable 
identification than conventional growth-dependent 
sugar tests using solid or semi-solid media (Tapsall 
& Cheng 1981). 


Sensitivity to physical and chemical 
agents 


Readily killed by drying, soap and water, and many 
other cleansing or antiseptic agents at their correct 
use-dilution. Organisrms may remain viable for a 
day or so in pus contaminating linen or other fabrics. 
Cultured gonococci die in a few days at room tem- 
perature. Survival can be ensured for several months 
by harvesting an overnight plate culture into 1 ml! of 
tryptone soya broth containing 6% lactose and freez- 
ing at —-20 or —70°C. Freeze-drying is the most reli- 
able method for long-term storage of gonococci but 
storage at -70°C or in liquid nitrogen may be more 
convenient for intermediate storage. The commercial 
Microbank system (Pro-Lab) is a simplified and reli- 
able method of storing at —70°C; harvest organisms 
into a cryopreservative fluid, add to a vial containing 
20 small porous beads, remove excess fluid and then 
freeze. 


Antibiotic sensitivity 


The gonococcus is usually sensitive to many anti- 
biotics including penicillin, cefuroxime, cefotaxime, 
ceftriaxone, ciprofloxacin, spectinomycin, cotrimox- 
azole, tetracycline, erythromycin and streptomycin. 
However, as sensitivity of isolates may vary geo- 
graphically it is important to base antibiotic policies 
on the sensitivity of local isolates. 

A definite progression towards decreaséd sen- 
sitivity to various antibiotics has occurred over the 
past three or four decades and has been reviewed 
elsewhere (Easmon 1985). Resistance in gonococci 
may be due either to the alteration of the cell 
envelope by multiple chromosomal mutations or to 
R plasmids. Resistance to several antibiotics has 
reached clinically significant levels in a proportion 
of isolates. Penicillin and tetracycline resistance is 


now common in many parts of the world while re-- 
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sistance to spectinomycin and the newer quinolones 
has also been reported (Easmon 1990). A high preva- 
lence of ciprofloxacin-resistant strains has been noted 
in Japan where fluoro-quinolones have been widely 
used as first-line therapy for gonorrhoea for some 
years (Tanaka et al 1994). The prevalence of re- 
sistant strains shows marked geographical variation 


with the greatest resistance problems associated with | 
parts of Africa and the Far East. The main types of . 


resistance are as follows. 

Chromosomally resistant Neisseria gonorrhoeae 
(CMRNG). Mutations at a series of loci on the 
chromosome result in small additive increases in 
penicillin resistance. Mutations at certain loci result 
in increased resistance not only to penicillin but to 
other antibiotics such as cephalosporins, erythromycin, 
tetracycline, spectinomycin and aminoglycosides. 
CMRNG have penicillin MICs >= 1.0 mg/l: in con- 
trast, fully sensitive wild strains of gonococci have 
penicillm MICs of less than 0.06 mg/l. CMRNG 
are widespread in the United States (Rice et al 1986) 
and accounted for approximately 10% of non- 
plasmid-mediated resistant strains surveyed in the 
mid 1980s at St Mary’s Hospital, London (Ison & 
Easmon 1991). 

Pemceillinase-producing Neisseria gonorrhoeae (PPNG). 
PPNG were first reported in 1976 and were epi- 
demiologically linked with West Africa (strains with 
a 3.2 MDa plasmid) and the Far East (strains with 
a 4.4 MDa plasmid); initially, about half of the 
strains from the Far East also harboured a 24.5 MDa 
transfer plasmid. The links between geographical 
location and plasmid pattern no longer hold true: 
strains carrying the 3.2 MDa plasmid and the 
24.5 MDa plasmid occur in various areas. Several 
other plasmids are involved, including 2.9 MDa, 
3.05 MDa and 4.0 MDa plasmids but these remain 
relatively uncommon compared to the 3.2 and 
4.4MDa plasmids. PPNG account for approx- 
imately 2—5% of strains in the UK but may reach 
levels of approximately 50% in some developing 


countries. All plasmids control the production of - 


the same TEM-1 f-lactamase, the smaller plasmids 
being deletion mutants of the 4.4 MDa plasmid. 

Tetracycline-resistant Neisseria gonorrhoeae (TRNG). 
Tetracycline resistance in gonococci was reviewed by 
Heritage & Hawkey (1988). Strains with plasmid- 
mediated high level resistance to tetracycline (MIC 
= 16 mg/l) were first reported in the United States 
in 1985. Similar strains have been found in the 
UK, the Netherlands and parts of Africa. The tetra- 
cycline resistance plasmid is 25.2 MDa, self trans- 
missible and is found in both PPNG and non-PPNG 
strains. 





Mutations also occur that increase the permeability 
of the membrane, making isolates hypersensitive to 
certain antibiotics; hypersensitivity may include van- 
comycin (Exner et al 1982) and therefore influence 
choice of selective media. 


Epidemiological typing 


Auxotyping and serotyping are now recognized as 
the standard typing methods for gonococci: the de- 
velopment of gonococcal typing and the epidemio- 
logical significance of current typing protocols have 
been reviewed elsewhere (Sarafian & Knapp 1989). 

Auxotyping. Auxotyping characterizes gonococci 
according to their nutritional requirements deter- 
mined on a set of defined media, each medium 
lacking a specific nutrient. The main nutrients tested 
are arginine, proline, hypoxanthine and uracil; gono- 
cocci that have no requirements are designated non- 
requiring (NR) or prototrophic (Proto), while those 
that require arginine are designated (Arg), and those 
requiring proline (Pro), etc. Isolates with multiple 
requirements such as arginine, hypoxanthine and 
uracil (AHU) and proline, arginine (citrulline) and 
uracil (PAU, or PCU) are also found. 

Serotyping. Serotyping charactenzes gonococci 
according to their reaction pattern (serovar) when 
tested against a panel of monoclonal antibodies 
reactive with epitopes on protein I (Pr I). A panel of 
six Pr [A and six Pr IB reagents is normally used and 
can discriminate up to 25 IA serovars (designated 
IA-1, IA-2, etc.) and 32 IB serovars (designated 
IB-1, [B-2, etc.). - 

Auxotype/serovar (A/S) Classification. Dual classi- 
fication on the basis of auxotyping and serovar 
analysis provides greater discrimination than either 
method alone and has been widely used in epidemio- 
logical studies. A total of 107 different A/S classes 
were initially identified among a world-wide collec- 
tion of 1400 gonococcal isolates (Knapp et al 1984a). 
‘The A/S classification systern has been used to study 
the epidemiology of gonococcal infection including 
antibiotic-resistant strains, and geographical and 
temporal variation in serovars, as well as correlation 
between certain serovars and homosexually acquired 
infection. In the case of PPNG, A/S can also be 
combined with analysis of piasmid profiles. As a 
general rule, IB serovars tend to be more resistant 
than IA serovars and also tend to be associated with 
homosexually acquired infection. Certain IB serovars 
tend to show a stronger correlation than others, e.g. 
CMRNG are often serovar IB 5/7 (Ison & Easmon 
1991); NR/IB-6 correlated strongly with homosexual 
transmission, although temporal changes may alter 
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the situation (Young et al 1991, Moyes & Young 
1993); spectinomycin-resistant isolates in the USA 
in 1985-86 were mainly Pro/IB-1; approximately 
50% of TRNG isolates studied initially also belonged 
to Pro/IB-1 but TRNG are now found in at least 
23 A/S classes showing widespread dissemination 
of the resistance plasmid (Sarafian & Knapp 1989). 


LABORATORY DIAGNOSIS OF _ 
GONORRHOEA 


The main task of the bacteriologist is to determine 
whether or not N. gonorrhoeae 1s present in a speci- 
men and, if present, whether infection with the 
isolate concerned is likely to be cured by standard 
treatment regimens. Since the management of 
gonorrhoea includes the tracing of infected contacts, 
laboratory diagnosis is best carried out in association 
with a special department of genitourinary medicine. 

The greater the number of sites examined the 
better will be the chance of detecting gonococcal 
infection. Details of specimens required for bacterio- 
logical diagnosis are given by Robertson et al (1988). 
In men, urethral samples usually suffice (with rectal 
cultures in homosexual males), but in women ure- 
thral, cervical and rectal specimens should always be 
examined. Although repeated sampling of multiple 
sites is ideal, a single well taken endocervical swab 
will detect approximately 90% of gonococcal infec- 
tions in women. A high vagina! swab is not suitable 
and, if this is the only specimen taken, | in3 infected 
women is likely to be missed. 

Throat infection also occurs and should be sought 
where appropriate. In suspected disseminated gono- 
coccal infection (DGI), specimmens may include 
blood, swabs of skin lesions, or pus aspirated from 
a joint. Occasionally, conjunctival material is exam- 
ined, particularly in neonatal ophthalmia. Any urine 
specimen showing Gram-negative diplococci in a 
Gram stain should be cultured on an appropriate 
selective medium. | 

The gonococcus is very fastidious and care ‘ts 
needed in the collection of specimens and their 
transport to the laboratory. Best results are achieved 
by the direct moculation of culture plates with 
patients’ secretions, followed by immediate incuba- 
tion at 36-—37°C in a moist atmosphere containing 
5-10% CO,. When direct plating and immediate 
incubation is impracticable several transport and 
culture systems are available. These consist of a 
selective medium, usually present in a small chamber 
containing CO, or a CQO,-generating system, é.g. 
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Transgrow or Jembec (Martin & Jackson 1975). The 
media can be inoculated directly from the patient 
and transported to the laboratory either before or 


after incubation. Such systems are expensive and it 


is more usual to send a swab in Amies transport 
medium (see Ch. 5) in which case a plain swab is 
adequate. Dry swabs should not be sent as the 
gonococcus.is very susceptible to drying. 

The direct detection of antigen in patient secre- 
tions has been used in an attempt to overcome prob- 
lems of transport. The Gonozyme test (Abbott) uses 
a polycional antibody to detect gonococcal antigen 
by an enzyme immunoassay. Unfortunately the test 
lacks specificity and consequently has a poor positive 
predictive value in populations where the prevalence 
of gonorrhoea is low. Developments in nucleic acid 
technology should lead to more sensitive and specific 
assays. Currently under evaluation are: the Gen 
Probe PACE 2 assay system which uses a single- 
stranded DNA probe labelled with an acridinium 
ester that is complementary to gonococcal rRNA; 
and the PCR-based AMPLICOR diagnostic test kit 
(Roche). 

As a routine, the laboratory diagnosis of gonor- 
rhoea proceeds as follows. 


1, Examine Gram-stained smears of urethral dis- 
charge from men, and urethral and cervical secre- 
tions from women. The observation of characteristic 
kidney-shaped Gram-negative diplococci lying within 
polymorphonuclear leucocytes with a few extra- 
cellular organisms is typical of gonococcal infection 
and the smear is reported as positive. If Gram- 
negative diplococci are seen only extracellularly, 
the result of the smear examination is equivocal; a 
diagnosis should not be made on this basis. If no 
Gram-negative diplococci are seen, report the smear 
as negative. 

Approximately 95% of infected men and 55-60% 
of infected women will yield a positive smear; if 
the smear is examined while the patient is at the 
clinic, immediate treatment can be given. 

2. Plate out the specimen on selective culture 
media and, in the case of specimens from normally 
sterile sites, on the same medium Jacking antibiotics; 
incubate immediately in a moist CQO,-enriched 
aerobic atmosphere at 37°C. 

The original selective medium of Thayer and 
Martin (TM medium) contains the antibiotics van- 
comycin, colistin and nystatin. Although widely 
used in many laboratories, TM medium has been 
criticized because 3—10% of gonococcal strains are 
inhibited by vancomycin (Murret et al 1981). A 
modified TM medium (Martin et al 1974) gives 
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superior results; however, MNYC medium* is pre- 
ferred because it gives better growth and the use of 
lincomycin as selective agent avoids the problem of 
vancomycin sensitivity. 7 | 

3. Examine plates after 24h incubation and test 
suspect colonies by touching with a cotton bud 
soaked in oxidase reagent: oxidase-positive bacteria 
turn the contact area of the bud purple within 5-15 
seconds. If oxidase-positive, Gram stain an identical 
colony. Incubation of primary isolation plates is 
continued for 48 h and cultures are re-examined by 
the above procedures before any specimen can be 
reported negative. 

A presumptive diagnosis of gonorrhoea made on 
the basis of oxidase-positive Gram-negative diploco- 
cci growing on selective medium is approximately 
99% accurate for specimens taken from the male 
urethra and female urethra, cervix or rectum. A pre- 
sumptive diagnosis of gonorrhoea is much less reli- 
able in the case of rectal cultures from homosexual 
males: from 1978 to 1985, 9-17% of rectal Gram- 
negative diplococci from men were meningococci 
(Young & Reid 1988). Particular attention must 
be paid to throat cultures, where gonococcal and 
meningococcal colonies may coexist; Gram-negative 
diplococci isolated from the throat are most likely 
to be meningococci. 

4. If there is sufficient growth on the primary 
isolation plate, set up the rapid carbohydrate utiliza- 
tion test (RCUT),* including a tube to detect 
§-lactamase production. Otherwise subculture on 
antibiotic-free medium and incubate overnight to 
obtain sufficient material for the test. 

5. The Phadebact Monoclonal GC test (Boule) 
which uses monoclonal antibodies reactive with 
epitopes on Pri may be used in place of the RCUT 
(Young & Moyes 1989) for identification of an iso- 
late. These reagents, which are 100% specific, do 
not cross-react with N. Jactamica or meningococci 
and, provided that the test is properly controlled, a 
positive reaction is a reliable indicator of gonococcal 
infection at any site. Although the sensitivity is very 
high (99.7%) it is prudent to confirm the identity of 
any non-reactive genital isolate by RCUT. Biochemi- 
cal confirmation is also recommended whenever 
medico-legal proceedings may be involved. 

6. Inoculate a suitable non-selective medium (e.g. 
the isolation medium lacking antibiotics) with the 
growth from several colonies and place a 6 [ig peni- 
cillin disc on the well. If the zone of inhibition is 
less than 20 mm after overnight incubation, test for 
B-lactamase by the chromogenic cephalosporin 
method (Ch. 8). Filter paper acidometnec (Sng et al 
1981) and starch paper iodometric (Odugbemi et al 





1977) methods are also described. A 10 [ig tetra- 
cycline disc can be used to screen for high-level tetra- 
cycline resistance. Tetracycline-resistant gonococci 
show no zone of inhibition. 

Since the majority of patients with gonococcal 
infection will have been treated on the basis of a 
positive smear, antibiotic tests other than those to 
detect B-lactamase are of little help in the initial man- 
agement of a patient. However, they are important in 
planning rational therapy for use in the geographical 
area concerned. As a result of the decréase in the 
prevalence of gonorrhoea it is now desirable and 
practicable to test all isolates. Prepare a turbid sus- 
pension of organisms in peptone water for use as 
inoculum in the agar dilution or disc diffusion sen- 
sitivity test. Diffusion tests using discs of several 
strengths can be made to give acceptable results 
but an agar dilution method is preferable (Jephcott 
1981). The Adatab system, available commercially 
(Mast), provides tablets containing suitable quantities 
of a wide variety of antibiotics. 

7. In suspected disseminated gonococcal infec- 
tion, set up blood cultures with a biphasic medium 
(Jephcott 1981) and incubate in a CO, incubator 
with standard closures replaced by cotton-wool 
plugs. Immunofluorescence staining may be of value 
in examining exudate from skin lesions (Tronca 
et al 1974). Culture on non-selective media may be 
advisable. 


Reference Facilities 


Consultation and liaison with a recognized reference 
jaboratory ts important. In the UK. the addresses are 
as follows. Oe | 

Scotland: Dr H Young, Scottish Neisseria gonorrhoeae 
Reference Laboratory, Department of Medical Micro- 
biology, Edinburgh University Medical School, 
Teviot Place, Edinburgh EH8 9AG. All gonococci 
isolated in Scotland should be sent to this laboratory 
for MIC testing and epidemiological typing; plasmid 
analysis is also performed on PPNG and TRNG. 

England and Wales: Dr A E Jephcott/Dr A ‘Turner, 
Gonococcus Reference Unit, Public Health Labora- 
tory, Bristol! Royal Infirmary, Marlborough Street, 
Bristol BS2 8HW. Owing to the larger numbers 
involved, this laboratory normally examines only 
antibiotic-resistant strains, isolates from medico- 
legal cases, and isolates with identification problems. 


Serological diagnosis 


The low sensitivity and specificity of existing sero- 
logical tests, and the persistence of antibody due to 
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past infection, limit their value in clinical practice. 
Serological tests are not suitable for screening for 
gonococcal infection and should not be used in this 
way to diagnose or exclude gonorrhoea. 


Atypical gonococci 


Neisseria gonorrhoeae ssp kochti. Mazloum et al 
(1986) suggested that an unusual neisseria isolated 
from conjunctival cultures in rural Egypt and origi- 
nally described by Robert Koch as an atypical gono- 
coccus merits subspecies status. These isolates do 
not react with the monoclonal antibodies currently 
used in the serological classification of gonococci. 


COMMENSAL NEISSERIAE 

These organisms occur on various mucous surfaces 
of the body; they are regularly found in the throat, 
nose and mouth and, less frequently, on the genital 
mucosae. When inflammatory or other pathological 
conditions affect these mucous membranes, Gram- 
negative diplococci may constitute a prominent 
feature of the bacterial flora and may possibly act 
as secondary infecting agents in such conditions. The 
commensal neisseriae are much less wel] character- 
ized than the important human pathogens described 
above. | 

Neisseria lactamica. Carriage of this organism 
occurs more frequently in infants and young children 
than in adults. Morphology and staining is similar 
to N. meningitidis but it differs in its relative lack of 
virulence and ability to utilize lactose. It grows readily 
on selective media and some strains cross-react with 
antisera raised against gonococci and meningococci, 
Whenever Gram-negative diplococci are isolated 
from the throat, biochemical tests are required to 
provide accurate differentiation between N. lactamica 
and the meningococcus and gonococcus (see ‘Table 
14.1). 

Neisseria pharyngis. The classical nasopharyngeal 
commensals, N. subflava, N. flava, N. perflava and 
N. sicca are included in the umbrella species N. 
pharyngis; their main characters are given in Table 
14.1. Most of these nasopharyngeal commensals 
produce moist pigmented colonies and utlize glucose, 
maltose, fructose and sucrose when tested by the 
RCUT. Aithough N. sicca utilizes the same sugars, 
colonies are dry, tough, adherent to the medium and 
opaque. 

Neisseria polysacchareae (which resembles the 
meningococcus in appearance) grows on selective 
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media, utilizes glucose and maltose (Riou et al 1983), 
and is found in the nasopharynx of healthy carriers 
‘(Boquete et al 1986). Unlike N. meningitidis, it 
produces polysaccharide when grown on medium 
containing 5% sucrose and lacks gamma-glutamyl 
aminopeptidase activity. 

Neisseria cinerea has been isolated as a commensal, 
frequently from oropharynx and less commonly 
from genital sites (Knapp et al 1984b). Occasionally 
it is isolated on selective medium, when it resembles 
N. gonorrhoeae. Although considered to be asaccharo- 
lytic it may utilize glucose in certain biochemical 
test systems (Dossett et al 1985). N. cinerea is non- 
reactive in the coagglutination test for the gono- 
coccus. Lack of DNase helps to differentiate 1t from 
M. catarrhals. 

Netsseria flavescens. This organism was described 
in 1930 as the causative pathogen in a group of cases 
of meningitis in America but has not with certainty 
been isolated since. It resembled the meningococcus 
in morphology but on blood agar produced golden- 
yellow colonies. Initially the isolates did not utilize 
carbohydrates but later. developed the ability to 
produce acid from glucose, maltose and sucrose. It 
may be biologically related to N. pharyngis. 

Neisseria mucosa differs from other members of the 
group in being definitely capsulate and. producing 
mucoid colonies. It has been isolated only sporadi- 
cally from cases of meningitis, endocarditis and also 
opportunistic infections (Gini 1987). Its carbo- 
hydrate utilization reactions are similar to those 
of N. sicca but it reduces nitrates and, like N. 
polysacchareae, it synthesizes polysaccharide. ‘here 
is much variation ir. the characters of the organisms 
described under this name (Brodie et al 1971, 
Johnson 1983). 


Rod-shaped Neisseria species 


Two further rod-shaped members of the genus, both 
pathogenic for man, have recently been described. 
Both are Gram-negative, non-motile, oxidase-posi- 
tive, aerobic bacteria and have been speciated on 
the basis of biochemical and DNA studies. 

Neisseria elongata subspecies mtroreducens, formerly 
known as CDC group M-6 (Grant et al 1990), 1s 
most commonly associated with endocarditis, bacter- 
aemia and osteomyelitis (Wong & Janda 1992) but 
may be present in other sites such as wounds, 
peritoneal fluid and the respiratory tract. In culture 
some strains utilize glucose weakly but all reduce 
nitrate, grow poorly at 22°C and are catalase positive. 

Neisseria weaveri sp nov is a Gram-negative, non- 
motile, oxidase- and catalase-positive aerobic bacte- 
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rium, known as CDC group M-5, associated with 
dog bite wounds (Anderson et al 1993). DNA 
relatedness and 16S rRNA sequence studies show 
greatest homology to N. animals, N. flavescens, 
N. canis and N. elongata. 
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MORAXELLA 


The genus Moraxella includes Moraxella lacunata 
which causes a form of purulent conjunctivitis classi- 
cally presenting as an angular blepharoconjunc- 


tivitis. The moraxellas occur as components of the 


normal flora of the upper respiratory tract, the con- 
junctiva, the skin and the genital tract. The organism 
formerly known as Branhamella catarrhalis has 
been reclassified as Moraxella catarrhalis (see below). 
Moraxellas may be involved in opportunist infections 
in compromised patients. 

The moraxellas are stout Gram-negative cocci 
or short stout rods; they typically occur in pairs 
and may simulate gonococci., They are strict aerobes, 
non-capsulate, non-motile. M. /Jacunata and M. 
atlantae require serum for growth but some other 
species are less demanding. Loeffler medium is pitted 
by colonies of M. Jacunata and the variant M. 
liquefaciens. M. lacunata cannot grow on MacConkey 
agar but some other species can. The moraxellas 
are relatively inactive in biochemical tests. ‘They are 
oxidase positive and usually catalase positive. They 
do not ferment sugars and do not produce indole 
or H,,S. M. lacunata produces a gelatinase. Sensitivity 
to penicillin has been regarded by some workers 
as a feature of the moraxellas that distinguishes 
them from acinetobacters. 
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MORAXELLA CATARRHALIS 


The characters of Moraxella (syn Branhamella) 
catarrhalis that are useful in identification include 
oxidase positivity, inability to produce acid from 
sugars, production of DNase, hydrolysis of tributyrin 
and ability to grow on medium lacking blood. M. 
catarrhalis is antigenically distinct from commensal 
neisseriae; there are no recognized serogroups, but 
a method of differentiating strains for epidemio- 
logical purposes has been described (Peiris & Heald 
1992). 


Morphology and staining 


Oval Gram-negative cocci about 0.8 [tm in diameter. 
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Sometimes organisms are single, but more often 
in pairs with adjacent sides flattened; occasionally 
found in groups of four as a result of characteristic 
division in two successive planes at right angles to 
one another. On occasion they may be found inside 
polymorphonuclear leucocytes. 


Cultural characters 


Aerobe with optimum temperature about 36°C but 
growth of many strains occurs at 22°C. Although 
CO, may enhance’ growth there is no absolute re- 
quirement. Most strains grow on nutrient agar. After 
incubation for 24h, colonies on blood or heated 
blood agar are 1-2 mm in diameter, non-haemolytic, 
often friable, white or greyish, convex with an entire 
margin Jater becoming irregular. After 48 h colonies 
are larger, more elevated with a raised opaque centre. 


Most strains do not grow on media selective for 


pathogenic neisseriae. 


Biochemical reactions . 


Oxidase positive; does not produce acid from glu- 
cose, maltose, sucrose, lactose or fructose; reduces 
nitrate to nitrite; hydrolyses tributyrin (see Table 
14.1). . 


Sensitivity to physical and chemical 
agents 


Appears to be more resistant than the meningococcus 
or gonococcus. Cultures may remain viable for 
several months at 20°C if prevented from drying. 
May survive in sputum for 3-4 weeks. 

Susceptible to a wide range of antibiotics but 
many strains produce B-lactamase and are resistant 
to penicillin and ampicillin. Sensitivity tests can 


_be done by disc or agar dilution methods as for 


meningococc! and gonococci. 


LABORATORY DIAGNOSIS OF 
MORAXELLA CATARRHALIS 


M. catarrhalis is normally considered to be a harm- 


less commensal of the upper respiratory tract and 
is most often encountered when examining throat 
swabs and specimens of sputum. The finding of a 
few colonies of M. catarrhalis in a mixed culture 
containing other upper respiratory tract commensal 
organisms is probably of httle or no significance. 
However, in patients with compromised lung func- 
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tion, VM. catarrhalis may be a pathogen of the lower 
respiratory tract. In these patients a relatively pure 
growth of M. catarrhalis is often obtained from 
sputum and other specimens such as transtracheal 
aspirates. 

Specimens should be cultured on blood agar and 
a selective medium. After overnight incubation in 
5-10% CQ, in air, cultures are examined by the 
oxidase test and, if positive, Gram stained. Oxidase- 
positive Gram-negative diplococci are then tested 
by the RCUT for their ability to utilize sugars and to 
produce fi-lactamase. If the isolate grows well on 
selective medium it should also be shown to be 
immunologically distinct from N. gonorrhoeae and 
N. meningitidis by the tests described previously. It 
has been reported (Doern & Morse 1980) that clini- 
cally significant isolates of M. catarrhahs grow well 
on modified TM medium, produce f-lactamase and 
do not grow on nutrient agar at 22°C. The extent of 
the correlation between pathogenicity, B-lactamase 
production and ability to grow on selective media 
remains to be elucidated (see Catlin 1990). 


OLIGELLA 


Oligella has recently been delineated as a new genus 
separate from Moraxella on the basis of DNA:rRNA 
hybridization and serological data (Rossau et al 
1987). Oligella urethrahs, the type species, formerly 
Moraxella urethralis, is a rare cause of septic arthritis 
but its importance lies in possible mis-identification 
as N. gonorrhoeae as it is anon-motile, Gram-negative 
diplococcus, both oxidase and catalase positive 
which will grow on Thayer-Martin medium. How- 
ever, Oligelia will grow on MacConkey agar (Mesnard 
et al 1992). 
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These are Gram-negative rods and the genus con- 
tains three species (K. kingae, K. indologenes and K. 
denitrificans) that differ from Moraxella in being 
saccharolytic and catalase negative. They are of low 
pathogenicity but, as they grow on Thayer Martin 
medium and are oxidase positive, they could be 
mistaken for pathogenic neisseriae. 

Kingella species are included in the so-called 
HACEK group of oral bacteria (Haemophilus spp, 
Actinobacillus actinomycetemconntans, Cardiobacterium 
hominis, E1kenella corrodens and Kingeila spp). These 


293 


me a ee —- mmr rn rc a i ae lr liom edie 


{4 _ PRACTICAL MEDICAL MICROBIOLOGY 


organisms are known to colonize endovascular tissue 
and produce vegetations on heart valves. 


ACINETOBACTER 
‘This genus contains strictly aerobic short, stout, often 
capsulate, non-motile Gram-negative (or Gram vari- 
able) bacilli or coccobacilli (often diplococco-bacilli) 
that grow well on simple media. They are usually 
free-living saprophytes in soil and water. The genus 
contains only one species, Acinetobacter calcoaceticus, 
which embraces two variants: A. calcoaceticus var. 
anitratus produces acid oxidatively from glucose 
whereas A. calcoaceticus var. lwofftt does not. This 
terminology supersedes earlier terms such as Herellea 
vaginicola and A. anitratum which correspond to 
the amitratus variant, and Mima polymorpha and 
Moraxella lwoffi which correspond to the dwoffi 
variant. In the past, Achromobacter species names 
were also assigned tc these variants. 

Acinetobacter organisms occur frequently as com- 
ponents of the commensal flora of man and animals 
and are therefore regular contaminants of the hospi- 
tal environment. ‘They are increasingly recognized 
as Opportunist pathogens associated with infections 
that range from bronchopneumonia to septicaemia in 
compromised patients. Predisposing factors include 
the presence of a prosthesis, endotracheal intubation, 
intravenous catheters, and prior antibiotic therapy 
in a seriously ill patient in hospital. 

A. calcoaceticus is oxidase negative, catalase posi- 
trve, and indole regative. Some strains produce 
urease. Acinetobacter organisms do not reduce 
nitrates and do not ferment sugars. The anitratus 
variant produces acid from glucose and other sugars 
oxidatively but the /woffi variant does not. Colonies 
are white or cream coloured, smooth, circular with an 
entire edge, sometimes raised and opaque, and may 
show surface spreading. Some strains are haemolytic 
on blood agar. Some strains liquefy gelatin slowly. 
All strains are penicillin resistant. Hospital strains of 
Acinetobacter are often resistant to many other anti- 
biotics. Most strains are resistant to sulphonamides, 
penicillins including ampicillin, the cephalosporins, 
erythromycin, the tetracyclines and chlorampheni- 
col. They are often resistant to gentamicin and 
other aminoglycosides (see Bergogne-Berezin & Joly- 
Guillou 1985). It is essential to guide antimicrobial 
Management by antimicrobial sensitivity tests. 

Hospital strains can be traced by a combination 
of biotyping, antibiograms, serotyping, bacteriocin 
typing and immunofluorescence tests, but these 
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approaches to tracing have limitations at present (see 
Stone & Das 1986). 


METHODS 


Modified New York City (MNYC) medium 


(Young 1978b) | 


Preparation of yeast siaivaeia Mix 908 g baker’s 
yeast to a smooth paste with 2.5 litres distilled water. 
Autoclave at 110°C for 10 min and dialyse against 2 
litres distilled water for 48h at 4°C. Dispense the 
dialysate (material outside sac) into 25ml amounts 
and autoclave at 121°C for 15 min. Store at —20°C, 


Ingredients 

GC Medium Base (Difco) 36g 
Yeast dialysate 25 ml 
Human or horse blood (100 ml), 

lysed with 5 ml of 10% saponin 105 ml 
Glucose (10%) sterilized at 115°C 

for 10 min 10 ml 
Colistin (6 mg/litre) 1m 
Lincomycin (1 mg/)) 1 ml 
Trimethoprim (5 mg/l) 1 ml 
Amphotericin B (1 mg/l) 1ml 


Method. Dissolve the GC agar base in 856ml 
distilled water and autoclave at 121°C for 15 min. Allow 
to cool and hold at 50°C. Add lysed blood, glucose, 
yeast dialysate and the antibiotics. Mix and pour 
plates. 

Set up quality control cultures by inoculating 
plates from each batch of medium with the following 
cultures: N. gonorrhoeae (a recent clinical . isolate); 
N. meningitidis; N. pharyngis; Staphylococcus aureus; 
Escherichia .colr, Proteus mirabilis; Candida albicans. 
Incubate plates in a CO, incubator as for gonococcal 
cultures. Release a batch of plates for routine use only 
if the medium supports good growth of the pathogenic 
neisseriae while inhibiting completely the growth of 
N. pharyngis and the other test organisms. 

Products for the preparation of MNYC medium are 
available commercially (GC Agar Base, CM367; Yeast 
Autolysate Supplement, SR105; LCAT Antibiotic 
Supplement, SR95: Oxoid, Unipath). 


Selective heated blood agar 


Heated blood (chocolate) agar may be made selec- 
tive for the pathogenic neisseriae by the addition of 
vancomycin 3 mg/litre, colistin 7.5 mg/l and nystatin 
12500 units/I (or use Oxoid VCN Antibiotic Supple- 
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ment, SR101). This medium facilitates the isolation of 
pathogenic neisseriae in mixed cultures; appearances 
are the same as on non-selective heated blood agar. 


Rapid carbohydrate utilization test 
(RCUT) and penicillinase test (Young 
1978a) 


In the RCUT, preformed enzyme is measured by 
adding a suspension of the overnight growth of the 
test organism to a buffered (non-nutrient) solution 
containing the sugar to be tested and a pH indicator. 
B-lactamase can be detected by substituting ampicillin 
for sugar. Acid production resulting from sugar utiliza- 
tion or from the splitting of ampicillin to penicilloic acid 
is detected by a colour change of the pH indicator from 
red to yellow. 

Buffer—salt solution (BSS). Prepare by mixing the 
following solutions: 40 ml 0.1 mol/litre KZHPO,; 12 ml 
0.1 mol/l KH,PO,; 100 ml 8% (w/v) KCl; 10 ml 1% 
(w/v) aqueous phenol red; and 838 ml sterile distilled 
water. Check pH and if necessary adjust to 7.10—/.15. 
Dispense in 20 ml amounts in screw-cap bottles and 
store at -20°C, 

Sugar solutions. Prepare 100ml of 10% (w/v) 
solutions in distilled water of glucose, maltose, sucrose, 
fructose and lactose; filter sterilize; dispense in 4m! 
amounts. Note: Some batches of maltose contain 
excessive amounts of glucose and give false-positive 
results. 

Ampicillin solution. Dissolve the contents of a 
500 mg vial of sodium ampicillin in 2 ml BSS to give 
a concentration of 250 mg/ml. Both sugar and am- 
picillin solutions can be used to prepare microtitre 
trays immediately; otherwise store at —20°C. 

Preparation of microtitre trays. Add 100 ul of BSS 
to each well in colurnns 1, 3, 5, 7, 9 and 17 of a micro- 
titre tray. Add 25 pl of glucose to each well in column 1, 
25 ul maltose to column 3, 25 4! sucrose to column 5, 
25 uw! lactose to column 7, 25 ul fructose to column 9, 
and 25 ul ampicillin to column 11. Store the trays in 
sealed polythene bags at —20°C. 

Method. Four controls —- a PPNG, N. meningitidis, 
N. lactamica, and N. perflava — should be tested daily. 


1. Remove a microtitre tray from the freezer and 
allow to thaw. 

2, Add 400 | of RCUT buffer to a plastic tube for 
each test. 

3. With a dry cotton bud, remove sufficient growth 
from a 16—-24h culture to make a heavy suspension 
of the test organism. This procedure should be carried 
out in a safety cabinet to give protection from splashing 
ancl aerosols. , 
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4, Add 25 ul of the test suspension to each of the 
six wells (glucose, maltose, sucrose, lactose, fructose 
and ampicillin) in a row across the plate; tap to mix and 
place in 37°C water-bath. As a row of the microtitre 
plate is required for each test, up to four test isolates 
can be tested on each tray along with the four control 
organisms. 

5. After 3h examine for sugar utilization, or break- 
down of ampicillin, as evidenced by a colour change 
from red to yellow (or yellow/orange); record a colour 
change as positive and no change as negative. 


Serum-free agar sugars (Flynn & Waitkins 
1972) 


Supplement. Solution A: dissolve 1g of --gluta- 
mine in 90 ml distilled water. Solution B: dissolve ferric 
nitrate 0.05g in 10 mI distilled water. Prepare the 
supplement by adding 90 ml of solution A to 10 mi of 
solution B. | 

Sugars. 10% solutions of glucose, sucrose or 
maltose, sterilized by filtration. 

Method. Boil 36 g of GC Medium Base (Difco) in 
970 ml! distilled water and when clear add 20 ml of 
the supplement and 10 ml of phenol red (0.2% stock 
solution). Adjust to pH 7.6 with NaOH (1 mol/litre), 
and distribute in 90 ml volumes in screw-cap botiles. 
Autoclave at 121°C for 10 min. Cool to 50°C, Add 10 mi 
of the appropriate sugar solution (aseptically) to 90 mi 
of medium to give a final concentration of 1% sugar. 
Dispense 3ml amounts into sterile Smi screw-cap 
bottles and allow to set as slopes. 

For use, slopes should be inoculated heavily and 
incubated at 37°C in an atmosphere containing 
5-10% CO,, the screw caps of the containers being 
loosened. A positive result (colour change to yellow) 
should be obtained after overnight incubation, although 
cultures should routinely be kept for 48h. With very 
small inocula a longer period of incubation may be 
necessary. 


Coagglutination test 


This is a rapid 40min) coagglutination slide test 
which uses protein-A-containing staphylococci with 
murine monocional antibodies bound by the Fe portion 
to the protein A. The test uses two reagents, WI and 
WII/II|, Composed of separate pools of monoclonal 
antibodies reactive with PriA and PriB respectively. 
When a test sample containing gonococci, usually a 
primary culture of an isolate, is mixed with the reagents, 
the specific monoclonal antibodies react with the 
appropriate Pri antigen. A coagglutination lattice Is 
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formed which is visible to the naked eye. Kits are 
available from Boule Diagnostics. The test should be 
performed, according to the manufacturer's instruc- 
tions, with a light suspension of the organism boiled 
in 0.9% saline. The unit volume of reagents may be 
reduced to 15 1! for economy. 7 

Polysaccharide antigen of N. meningitidis Groups 
A, B, C, Y and W135 can be detected in CSF (treated 
to remove non-specific reactions) by coagglutination 
with a kit available from Boule. 
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Latex agglutination 


The polysaccharide antigens of meningococci can 
be detected in CSF, urine (concentrated if necessary) _ 
or serum, by agglutination of antibody-coated latex 
particles. Body fluids must be heated or centrifuged 
to remove non-specific reactive material. The group B 
reagent will cross-react with Escherichia coli K1 anti- 
gen which may be found in neonatal meningitis. Kits 
are available from Murex. 
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The genus Gorynebacterum includes important 
human and animal pathogens, plant pathogens and 
saprophytes (see Barksdale 1970, 1981, Coyle et al 
1985). Corynebacteria are closely related to myco- 
bacteria and nocardiae. They are Gram-positive 
non-sporing rods, sometimes club-shaped, contain- 
ing volutin granules, non-motile, non-capsulate and 
non-acid-fast, aerobic, or facultatively anaerobic, 
catalase positive and oxidase negative. Human 
and animal pathogenic corynebacteria include C. 
diphtheriae, C. ulcerans and C. pseudotuberculosis. The 
terms ‘diphtheroid’ and ‘coryneform’ have been 
used to describe other corynebacteria that do not 
commonly cause human infection and were con- 
sidered less significant. These organisms, including 
the JK group, have been shown to be pathogenic in 
immunosuppressed patients and may be responsible 


_ for colonization of artificial implants. 


C. diphtheriae, the type species, is the principal 
human pathogen and ows its notoriety to the waves 
of epidemics of diphtheria that swept through the 
Middle East, Europe and America, denuding towns 
and villages of their children and young people in 
the last century. Bretonneau, a French army surgeon, 
described in 1821 the unique clinical characteristics 
of the disease and used the term “diphtérie’ to signify 
the Jeathery membrane that occurs in the orophar- 
ynx, or sometimes the nasopharynx, and which is the 
hallmark of the disease. Occasionally, the organism 
is implicated in wound and chronic skin infections. 
C. diphtheriae owes its pathogenicity to the produc- 
tion of a potent exotoxin active on a range of tissues, 
including heart muscle and peripheral nerves. 


CORYNEBACTERIUM DIPHTHERIAE 
Morphology and staining 


Diphtheria bacilli are pleomorphic, generally slender, 
non-capsulate, non-sporing Gram-positive rods. 
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Their morphology varies, even within one strain, 
depending on the age of the culture, the culture 
medium and the degree of subculturing. Older cul- 
tures and some young cultures grown on freshly 
prepared Loeffler slopes show pleomorphism with a 
club-shaped appearance (hence corynebacteria). The 
bacilli typically contain granules of polyphosphate 
(volutin), often at the poles. Stained Gram-positive 
organisms are easily decolourized, but the granules 
remain stained. With polychrome methylene blue 
these volutin granules appear reddish-purple against 
the lightly stained cytoplasm and are referred to 
as metachromatic granules. In stained smears, the 
bacilli tend to lie in obtuse-angled pairs, forming 
groups that are like Chinese letters. Since morphol- 
ogy and granule formation are influenced by the . 
age of the culture and the medium, and some strains 
(e.g. intermedius) do not readily form granules, mor- 
phological appearances provide, at best, only a clue 
to diagnosis. 


Cultural characters 


C. diphtheriae is an aerobe and facultative anaerobe; 
the optimum temperature for growth is 37°C but 
the organism grows readily at temperatures above 
15°C. Growth occurs best on media containing 
blood (fresh, heated or lysed), or serum (Loeffler’s 
medium). The presence of serum has created diffi- 
culties in immunodiffusion tests and biochemical 
tests, and a serum-substituted medium has been 
shown to support growth adequately. Potasstum 
tellurite (0.03-0.04%) inhibits the growth of most 
oral commensals and retards the growth of others 
such as Candida albicans and Staphylococcus aureus 
but has little effect on diphtheria bacilli which pro- 
duce a black deposit of tellurium to give grey/black, 
shiny or dull black colonies on the medium. This 
salt can be added to blood agar (tellurite blood agar) 
or any other medium (e.g. serum-substituted agar) to 
make them selective for diphtheria bacilli, and related 


29S 


a 2 =a 


15 


PRACTICAL MEDICAL MICROBIOLOGY 


——_— rr st 


—_—— ee ee eee 





corynebacteria. The addition of cystine to a tellurite- 
containing medium (Tinsdale’s medium) has greatly 
helped the isolation of diphthena bacilli. McLeod 
and Anderson described three different biotypes: 
gravis — relatively large (2.5 mm) colonies, grey-black, 
radially striate (daisy head), which are hard and 
brittle; sms — smaller convex grey-black soft colo- 
nies, 1-2 mm in diameter; intermedius — the smallest, 
0.5 mm, grey-black, remarkably uniform colonies. 
Mitts strains and some gravis strains, but not z1er- 
medius, form small zones of haemolysis around and 
under the colonies. 


Biochemical reactions 


- These are summarized in Table 15.1. C. diphtheriae 


produces acid from glucose and maltose but not 
lactose, mannitol, trehalose or sucrose. Gravis strains 
utilize glycogen and starch, while mitts and imter- 
medius do not. Toxigenic sucrose-fermenting strains 
have been described. C. ulcerans fermments trehalose 
and liquefies gelatin, which distinguishes it from 


other diphtheria bacilli. C. pseudodiphtheriticum is 


recognized by its relative inactivity. Fermentation 
tests are usually done by culture for 24h at 37°C 
in serum peptone water medium. The presence of 
a saccharolytic enzyme in the serum often results in 
false-positive readings. Since the medium is cloudy 
it is difficult to distinguish a negative result from 
no growth. A serum-free medium prepared and used 


Table 15: + --Biochemical reactions of (some coryhebat ét ae 

ee tar. some’ bal Bostivesne eae en 
cid‘production fo s in:Hiss's- m 

ool. wore days) Gelat iguet fe saat 











Organism Acid svexhiations i ts 










C. diphtheriae 


gravis + + - - 

intermedius + + 7 — 

mitis® + + —/+ jon 
C. ulcerans + + = + 
A. haemolyticum® + + +/— +/- 
A. pyogenes + + +/- +/— 
C, pseudotuberculosis + + +/- — 
C. pseudodiphtheriticum® - ~ -_ - 
C. xerosis + + 1 - 
JK group + +/- - +/— 
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in Pisu's medium (Saragea et al 1979). 
° Rare strains of C. diphtheriae mitis ferment sucrose. 


* Previously C. hofmannii. 
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Glucose .Maltose Sucrose Trehalose Starch 
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‘ aS production from cystine is observed in the formation of a brown halo around colonies on n Toes medium or along a slab culture 


© Only Arcanobacterium haemolyticum and A: pyogenes are catalase negative. 


in the reference laboratory in Sheffield and Cardiff 
for 25 years has proved a satisfactory replacernent 
which overcomes the two major difficulties with 
Hiss’s serum peptone water medium (see below), 


Viability 
The bacillus is readily killed by moist heat, e.g. in 


10min at 60°C, and by the commonly used dis-° 


infectants. It dies rapidly in 0.85% NaCl solution, 


but remains alive for weeks in dust and on fomites 


when dry and protected from sunlight. 


Typing of diphtheria bacilli 


For epidemiological purposes, the classification of 
an isolate into one of the three biotypes is not ade- 
quate. Serotyping, bacteriophage typing and bac- 
teriocin typing have been attempted, but each has 
encountered the insurmountable problem of inter- 
national disagreement among researchers. 
Diphtheria bacilli possess three distinct antigens: 
(1) a deep-seated antigen found in all corynebacterial 
species as well as in Mycobacterium tuberculosis, (2) a 
heat-labile protein (K antigen), and (3) a heat-stable 
polysaccharide (O antigen). Numerous attempts to 
type diphtheria bacilli serologically have been made, 
but there is no internationally agreed antigenic typing 
scheme. Most have shown that gravis, intermedius, 
and mitis varieties differ serologically and the mitts 


group has a greater variety of serological types. 
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The susceptibility of C. diphthenae to bacteno- 
phage strains has been most comprehensively studied 
in Romania; 22 phages were used to type the gravis 
strains into 14 types, the intermedius into 3 and the 
mitis into 4. Over 50% of the British strains were 
not typable by this method. Two-thirds of the 
Canadian strains typed by this method fell into 
42 phage types. As the incidence of mus isolates 1s 
increasing, this method of typing needs major 
changes before it may be an effective epidemiological 
tool. 

The production of bacteriocins by diphtheria 
bacilli has also been used to distinguish strains, 
Australian workers described 10 patterns of activity 
among their isolates, using 9 indicator strains. In 
the UK and later in Romania, both bacteriocin pro- 
duction and sensitivity to bacteriocins produced by 
indicator strains were used for typing but the types 
have proved unstable. It is unlikely that this method 


_of typing will be of epidemiological use. 


Antibiotic sensitivity 


Diphtheria bacilli, and also C. ulcerans, are sensitive 
to most antibiotics, including penicillin and erythro- 
mycin. These two antibiotics are used for the treat- 
ment of patients as well as chronic carriers, Within 
half an hour of the parenteral administration of 
penicillin, the production of toxin by the bacilli is 
stopped and the organisms begin to be killed. (Note: 
Of course, antitoxin is of primary importance In 
the treatment of diphtheria - see below). Although 
erythromycin is a very effective antidiphtheria drug 
and is used in patients sensitive to penicillin, a few 
resistant strains (less than 1%) occur. 


Toxigenicity 


Rabbit, guinea-pig and human cells are susceptible 
to the action of diphtheria toxin. Mice and rats are 
highly resistant. A single molecule of this toxin would 
kill a cell within hours. Although the toxin consists 
of two fragments A and B, neither is toxic on its 
own. Fragment B is concerned with cell-wall receptor 
binding while fragment A is the active component 
responsible for the inhibition of protein synthesis 
and the necrotic lesions that are typical of diphtheria 
(see Pappenheimer 1984). 

All toxigenic strains of C. diphtheriae are lysogenic 
for a tox’ phage whose genome determines the ability 
of the bacillus to produce toxin under appropriate 
growth conditions. Toxin production im vitro is 
influenced by various factors, including the pH of 
the medium and its constituents; it is enhanced when 


the available iron is depleted. In practice, in-vivo 
toxigenicity tests are usually done on bacterial sus- 
pensions obtained by suspending an 18-24 h Loeffler 
slope culture in 1—4 ml of broth (not saline). 

In immunized communities, the ratio of non- 
toxigenic strains is rising and diphtheria is rarely 
seen. Accordingly, it is important that any new isolate 
of C. diphtheriae should be tested for toxigenicity. 
Simple and reliable subcutaneous toxigenicity tests 
in rabbits or larger guinea-pigs were used in the 
past, at a time when laboratories had many isolates 
each day. Later, small (250-500 g) guinea-pigs were 
challenged subcutaneously with 1 ml suspensions 
of fresh 18h culture. Another young guinea-pig 
that had previously received diphtheria antitoxin 
(500-1000 units) was used as contro]. If the organ- 
ism was toxigenic, the test guinea-pig would die 
within 18—96h. Post-mortem examination would 
show haemorrhage at the site of injection and in- 
jected blood vessels, with typically haemorrhagic 
adrenal necrosis. Both guinea-pigs would die if the 
test organism was C. ulcerans. The intradermal toxi- 
genicity test is more appropriate for C. udcerans (tre- 
halose and urease positive). Guinea-pig toxigenicity 
tests (see Ch. 22 of the 13th edition of this book) 
remain the final arbiter, but not all laboratories 
have access to this facility. Although rabbit, monkey 
kidney cell and human cell cultures have been suc- 
cessfully used for toxigenicity tests, the in-vitro im- 
munodiffusion toxigenicity test is the only practical 
approach for most laboratories.* It requires regular 
examination and maintenance of the positive and 
negative control organisms and of the components of 
the medium used, and great care in its performance. 


Antitoxin 


Diphtheria antitoxin is not used prophylactically, 
but it is given intramuscularly or intravenously 
(depending upon the urgency of the situation) to 
suspected cases of diphtheria without waiting for 
bacteriological confirmation. A trial dose should be 
given to check for hypersensitivity, Unimmunized 
contacts of a patient with diphtheria should be given 
a prophylactic course of erythromycin in addition 
to active immunization (or a reinforcing booster) 
according to their immune status (see Department 
of Health 1992). 


Schick test 


This intradermal test provides a rough index of a 


2h 


*See Metiiods at the end of this chapter. 
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subject’s immunity to diphtheria. At present, it is 
not ‘widely used in Britain. A standard test dose of 
0.2 ml of a highly diluted stabilized preparation of 
diphthena toxin is injected into the skin of the flexor 
surface of the left forearm. A control injection in 
the right forearm contains a heat-inactivated dose. 
Reactions are read as follows: 


Schick negative: No reaction on either arm signifies 
that the person is ummune. 


Schick positive: If the test dose is not neutralized, an 
area of erythema develops after 1-2 days, reaching 
a maximum diameter of 1-5 cm about the fourth 
day. The control site should show no reaction. The 
subject is not immune and should be immunized. 


Pseudo and negative: In a Schick-negative (immune) 
subject, there may be a pseudo (hypersensitive) reac- 
tion seen as an area of redness appearing within 
6-12 h on both arms. It is less intense than a posi- 
tive reaction and usually disappears in 1—3 days. The 
subject is immune. 


Pseudo and positive: If a pseudo-reaction occurs in a 
Schick-positive person, there is a combined reaction 
at the test site, with a more pronounced and more 
persistent reaction than that caused by the heated 
contro] material on the other arm. These cornbined 
reactors usually have some immunity to diphtheria 
and should not receive a further full course of 
vaccine. Their immunity may be reinforced by a 
single injection of (low-dose) diphtheria vaccine 
for adults. 


Laboratory diagnosis of diphtheria 


The primary question of laboratory strategy to be 
settled is whether swabs from all patients with sore 
throats should be examined routinely for diphtheria 
bacilli as well as for Streptococcus pyogenes and other 
throat pathogens or whether examination for the 
bacilli should be selectively confined to cases in 
which there is a clinical or epidemiological indi- 
cation of the likelihood of diphtheritic infection. 
Throat swabs will generally be cultured aerobically 
on blood agar for the common throat pathogens, 
and a thorough examination for diphtheria bacilli will 
incur the additional labour of preparing and reading 
cultures on at least two further media, e.g. Loeffler’s 
serum and a tellurite blood agar medium such as 
Hoyle’s. If possible, these latter methods should 
always be applied in communities where diphtheria 
is prevalent, but in immunized communities, such 
as Britain today, where diphtheria is extremely rare, 
it is justifiable to confine examination for the bacilli 
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to cases in which there is an indication of possible 
infection. ‘The indicative criteria should be clearly 
determined, and then made known, e.g. in the 
laboratory bénch manual, to all the laboratory staff 
concerned. They might specify (1) cases in which 
the clinician requests examination for diphtheria or 
mentions the possibility of the disease, (2) cases in 
which the clinical data on the request form include a 


mention of membrane in the throat, obstructed 


breathing, extreme toxicity, ‘bull neck’ or paralysis, 
e.g. difficulty in walking, talking or eating, and (3) 
cases in a family or community in which diphtheria 
has recently been diagnosed. 

An intermediate laboratory policy for communities 
where diphtheria is infrequent but mot very rare, 
would be to examine all throat swabs for the bacilli by 
the limited method of seeding them on just a quarter 
of a plate of tellurite blood agar such as Tinsdale’s 
(see below), and perform the full examination only 
in indicated cases. 


Specimens 


In suspected cases, whether of faucial or nasa! diph- 
theria, swabs should be taken both from the throat 
and from the nose, and preferably two swabs from 
the site most affected. Swabs should also be taken 
from skin lesions and wounds where diphtheritic 
infection is suspected, and both throat and nose 
swabs should be taken from suspected carriers. 

Note: Laboratory-acquired diphtheria has, been 
reported. — 


Isolation and identification 


Itis best to proceed at once to culture from the swabs. 
Some workers attempt to get an earlier indication 
of the infection by microscopical examination of a 
smear made directly from the swab, but this proce- 
dure is rarely helpful, for C. diphthenae does not 


form much volutin when growing in the throat and- 


usually cannot be distinguished in the direct film 
from commensal diphtheroids, such as C. xerosts, 
which have a similar morphology and may produce 
a few volutin granules. Preliminary culture on 
Loeffler’s serum or blood agar is required to induce 
the characteristic production of abundant granules 
in C. diphtheriae. 

The swab should be rubbed over the surface of a 
wet slope of Loeffler’s serum* and then be plated on 
blood agar and either Hoyle’s or Tinsdale’s tellurite 
blood agar.* The cultures should be incubated 
aerobically at 37°C. 
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1. Loeffler culture 


After incubation for 6 h or overnight, make a smear 
of growth from all parts of the slope mixed in the 
condensation water, stain by the Albert-Laybourn 
method (Ch. 45) and look for the presence of slender 
green-stained bacilli containing the purple-black 
granules characteristic of C. diphtheriae. These bacilli 
will be mixed with various types of commensal 
bacteria from the throat or nose. If the finding 1s 
positive, at once warn the clinician of the possibility 
that the patient has diphtheria and tell him that 
confirmation by culture should be available in a day 
or two. Plate out the positive Loeffler culture on 
tellurite blood agar in case the primary culture on 
this medium fails to grow. 


2: Tellurite blood agar culture 


Inspect the plate after overnight incubation and then 
again after incubation for a further day. Growth is 
often poor at 24h and the characteristic colonies 
are generally seen only after 48h. On Hoyle’s 
medium a dark, slate-grey colour and matt surface 
of the colonies is indicative of C. diphtheriae, and 
on Tinsdale’s medium the presence of dark brown 
haloes around grey-black colonies is indicative of 
C. diphtheriae or C. ulcerans. 

Prepare and examine a Gram film of a representa- 
tive colony to confirm that it consists of corynebac- 
teria. Then subculture three isolated characteristic 
colonies on to separate slopes of Loeffler’s serum to 
provide inocula next day for identification tests. 
Also attempt earlier identification by inoculating 
a suspension of a well isolated colony into sugar 
fermentation media. It may be possible to determine 
the biotype of C. diphtheriae from the form of the 
colonies on the primary plate. 


3. Blood agar culture 


At 24h look for pearly grey-white colonies with a 
slightly matt or granular surface and a form resem- 
bling that of one of the C. diphthernae biotypes on 
tellurite blood agar. Look also for zones of haemolysis 
characteristic of mitts and some gravis strains. Keep 
the blood agar plate so that if diphtheria-like colonies 
are not seen on the tellurite blood agar at 48h, 
colonies from the plain blood agar can be picked 
for identification. When diphtheria-like colonies are 
seen on the plain, but not the tellurite blood agar, the 
possibility that they are Arcanobacterum haemolyticum 
should be considered, for the growth of this organism 
is inhibited by 0.03% tellurite. A. haemolyticum may 


a 


take 48h to produce haemolysis on a blood agar 
plate made with human blood. 


4. Identification tests 


Film the Loeffler slope subcultures to check their 
coryneform morphology and plate them on blood 
agar to check their purity. Then inoculate from 
them into sugar fermentation media* and set up 
an in-vitro toxigenicity test.* The identification 
tests must be adequately controlled. Thus, parallel 
fermentation tests should be made with known 
sucrose-fermenting and non-fermenting and starch 
fermenting and .non-fermenting strains of C. 
diphtheriae and a non-fermentative strain of C. 
pseudodiphtheriticum. | 


5. Rapid presumptive test 


The following method allows presumptive identi- 
fication of a toxigenic strain of C. diphthenae within 
2—3 days. 

Prepare a potassium tellurite serum-free agar plate. 
Before use, pour 500 units of diphtheria antitoxin 
on the surface and aliow to dry. Seed the plate with a 
swab from a suspected case of diphtheria. Incubate 
and examine the plate daily. Colonies of toxigenic 
strains appear black with a surrounding halo when 
examined in indirect light against a dark back- 
ground, It is important to confirm the finding by the 
conventional tests described above. 


OTHER CORYNEBACTE 
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Other corynebacteria occasionally causing disease in 
man are C. ulcerans, Arcanobactertum haemolyticum, 
C. pseudotuberculosis (C. ovis) and the JK group of 
organisms (Lipsky et al 1982). C. pseudodiphtheniticum 
and C. xerosis are commonly present in man as 
commensals of the mouth, throat, nose, skin and 
conjunctiva, but there have been very few reports 
of cases, even in compromised hosts, in which they 
may have had a pathogenic role. 


Corynebacterium ulcerans 


Some taxonomists do not consider C. ulcerans as a 
species; it is similar to C, diphtheriae gravis but differs 
from it by fermenting trehalose, by liquefying gelatin 
and by being unable to reduce nitrate. It commonly 
produces diphtheria toxin as well as the separate 
toxin produced by C. pseudotuberculosts. Straims that 
produce only one of the two toxins have been 
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reported. C. ulcerans causes mastitis in cattle and 
has been responsible for outbreaks of ulcerative or 
exudative throat infections in man. Although most 
of the infections have been mild, serious illness 
resembling diphtheria with cardiac and neurological 
complications has been recorded. 

This organism grows well on all media used for 
the isolauon of diphtheria bacilli, and produces the 
bruwn halo round its smooth black colonies on 
Tinsdale’s medium and a small zone of haemolysis 
on blood agar. 


Arcanobacterium haemolyticum 


This organism has been reclassified as a fermentative 
actinomycete (see Ch. 19). It is similar to the animal 
pathogen, A. pyogenes, and js accepted as an occa- 
sional human pathogen causing pharyngitis, some- 
times associated with cervical adenitis and often 
with a scarlatiniform rash. The condition may be 
mistaken for streptococcal or diphtheritic pharyn- 
gitis, but the disease is usually mild and resolves 
without treatment. Outbreaks have been reported in 
the USA, Europe and in Britain. A. haemolyncum 
has also been isolated from chronic skin ulcers and 
occasionally from other lesions such as brain abscess 
and osteomyelitis. 

Isolations of A. haemolyticum will be commoner 
when it is more widely appreciated that it will not 
grow on tellurite-containing media. On blood agar 
containing human blood it forms colonies like strep- 
tococci surrounded by wide zones of {i-haemolysis, 
but on horse blood agar it shows no haemolysis at 
24 h and only narrow zones at 48 h. It produces acid 
from glucose, maltose and, usually, lactose, sucrose 
and starch, and liquefies gelatin slowly. It is sensitive 
to penicillin and erythromycin. 


Corynebacterium pseudotuberculosis 


This organism, formerly known as C. ovis, 1s patho- 
genic to animals, especially sheep, causing caseous 
lymphadenitis. It rarely infects man, Although the 
organism closely resembles C. diphtheriae, it differs 
by being pyogenic and invading tissues. Its cell wall 
structure closely resembles that of C. diphtheriae. It 
produces a toxin that is a smaller protein than that 
of diphtheria toxin and it has a different site of 
activity. Experimentally it has been lysogenized with 
diphtheria phage tox” and has produced diphtheria 
toxin. Intradermal injection of a suspension of C. 
pseudotuberculoss causes erythema, oedema and necrosis 
at the site of injection, similar to the action of C. 
ulcerans. 
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The JK group of corynebacteria 


Within the last decade or so a group of corynebacteria 
with a -special-capacity-for causing -opportunistic 
infections in man has been recognized (see Allen & 
Green 1986). Most of the infections are acquired 
in hospital by immunocompromised patients with 
granulocytopenia associated with leukaemia or by 
patients who have undergone cardiac surgery. About 
10% of patients with bone marrow transplants suffer 
infections with these corynebacteria. The organisms 
are part of the normal commensal flora of the skin, 
particularly in the inguinal region, axilla and anus, 
and their carriage has been demonstrated in many 
hospital patients. 

The JK corynebacteria grow on sheep blood agar 
to form very small, smooth white colonies of Gram- 
positive coccobacilli or longer bacilli. ‘They are relat- 
ively inert in biochemical reactions, but in serum 
media can ferment glucose and maltose slowly; they 
are catalase positive and urease negative. Vanco- 
mycin is the only antibiotic to which all strains are 
sensitive, but a few strains are also sensitive to 
erythromycin and tetracycline. 


Laboratory diagnosis of conditions 
caused by non-diphtheria corynebacteria 


The organisms may be isolated from a culture of 
the patient’s blood or a swab from a septic lesion. 
They grow best on blood agar or other medium con- 
taining blood or serum. Incubation at 37°C may re- 
quire to be continued for 48 h before adequate growth 
is present. Examination of a Gram smear will reveal 
the coryneform morphology, and biochemical! tests 
the relative inertness. Sensitivity tests should be done 
for the commonly used antibiotics and vancomycin. 

A problem confronts the microbiologist who iso- 
lates such a non-diphtheritic corynebacterium and 
the physician receiving the report. In the past these 
organisms would have been considered harmless 
contaminants from the skin, but as it is now accepted 
that they can cause opportunistic infections, their 
finding cannot be dismissed so easily. It is essential 
to determine the clinical history of the patient and 
factors affecting the immune system. If 1t appears 
that the patient may be immunodeficient or that 
resistance is otherwise compromised, the organism’s 
antibiotic sensitivities must be reported to the 
physician to decide whether therapy should be given. 


Corynebacterium pseudodiphtheriticum 
(C. hofmannii) 


This organism 1s a common commensal! of the throat. 
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It does not produce a toxin and hardly ever, if at 
all, acts as even an opportunistic pathogen. [n films it 
appears as strongly Gram-positive short stout rods or 
coccobacilli arranged mainly in palisade formation. 
With methylene blue, an unstained middle area gives 
it the appearance of a diplococcus and with Albert’s 
stain no volutin is seen. It grows aerobically on ordi- 
nary media without serum or blood, forming large 
smooth creamy white colonies, and on tellurite media 
it forms smooth, greyish white opaque colonies. It 
is relatively inert biochemically, failing to ferment 
glucose and other carbohydrates, but it hydrolyses 
urea, 


Corynebacterium xerosis 


This organism is a commensal in the conjunctival _ 


sac and was originally wrongly thought to be the 
cause of xerosis conjunctivae. It is also found as a 
commensal in the ear, on the skin, and occasionally 
in the throat, and probably is never pathogenic. 
Morphologically it resembles C. diphtheriae, though 
it is more strongly Gram-positive and shows fewer 
volutin granules. It grows to form small colonies 
on nutrient agar. On tellurite blood agar it forms 
small black colonies with a glossy surface which 
distinguishes them from the similarly sized colonies 
of the intermedius type of C. diphtheriae, which have 
a matt, granular surface. On Tinsdale’s medium it 
forms dark colonies but without a brown halo. It is 
further distinguished from C. diphtheriae by tts ability 
to ferment sucrose as well as glucose and maltose and 
by its lack of toxicity in laboratory animals. 


Propionibacterium acnes 


This organism was formerly classified as a coryne- 
bacterium. It is part of the normal flora of the skin, 
where it breaks down sebum, and is found in acne 
pustules, but probably without any essential patho- 
genic role. It is sometimes associated with endocarditis 
or shunt-associated meningitis. Unlike corynebactena, 
it is microaerophilic and forms propionic acid as a by- 
product of carbohydrate fermentation (see Table 30.3). 


METHODS 


Loeffler’s serum slopes 
Serum of ox, sheep or horse 300 mi 
Nutrient broth, pH 7.6 100 ml 
Glucose 1g 


1. Sterilize the serum by Seitz filtration. 


2. Dissolve the glucose in the broth and sterilize 
by autoclaving at 115°C for 20 min. 

3. Add the glucose broth to the serum with sterile 
precautions, mix thoroughly and distribute 2.5 ml 
amounts into sterile, screw-capped 6 ml bottles. Apply 
the caps tightly. 

4. For inspissation, lay the bottles on their sides on 
a tray, sloped slightly to-prevent the medium running 
up to the cap. Place the tray in a hot air oven. Raise 
the temperature slowly to 80°C and maintain it at 
80°C for 2h, when the serum will be coagulated to a 
yellow-white solid. 

5. Allow the slopes to cool. They should have a moist 
surface and a small amount of condensation water at 
their foot. Properly capped against drying, they can be 
stored for long periods. 


Hoyle’s tellurite lysed-blood agar 


Agar base 
Meat extract (Oxoid Lab-Lemco) 10g 
Proteose peptone (Difco) | 109g 
Sodium chloride, NaCl 5g 
Agar powder 15g 
Water 1 litre 


Dissolve the ingredients, adjust to pH 7.8, distribute 
in 100m! amounts in screw-capped bottles and 
autoclave at 121°C for 15 min. | 

Lysed horse blood. Obtain sterile horse biood. 
Lyse it by freezing and thawing four times and store 
in the cold, preferably frozen. Alternatively, lyse. it with 
saponin as. follows: 


1. Make a 10% solution of white saponin in water 
and sterilize it by autoclaving at 115°C for 15 min. 

2. Incubate the blood at 37°C for 15 min. Then add 
0.5 ml saponin solution to each 10 ml! blood. Invert the 
bottle gently several times to mix without the formation 
of bubbles. Reincubate for a further 15 min. The lysed 
blood will have an ‘inky’ black appearance. It will keep 
for several months at 4°C. 


Tellurite solution 


Potassium tellurite, K.TeO.; 0.79 
Water 20 ml 


Dissolve, autoclave at 115°C for 15 min and store 
in a tightly stoppered bottle in the dark. 


Complete medium 


Agar base 200 ml 
Lysed blood 10 ml 
Tellurite solution 2 ml! 


305 


| __ PRACTICAL MEDICAL MICROBIOLOGY _ 


Melt the agar, cool it to 55°C, add the blood and 
tellurite, mix well without bubble formation and pour 
15-20 m! amounts into sterile Petri dishes. After 


setting, dry off surface moisture. 


Tinsdale’s medium 


Billings’ modification of this cystine-thiosulphate-tellurite 
serum agar as described by Jellard (1971) is given. 
In the modification of Meitert & Saragea (1967, see 
Saragea et al 1979) Lab-Lemco meat extract is sub- 
stituted for half the peptone and a small amount of 
defibrinated sheep blood is added. 


Agar base | 
Proteose peptone (Difco) ' 20g 
Sodium chloride, NaCl 59g 
Agar powder 19g 
Water 1 litre 


Dissolve the ingredients, adjust to pH 7.4 and auto- 
clave at 121°C for 15 min. 

Enrichment. To 200 ml of melted agar base, cooled 
to 55°C, add aseptically, strictly in the following order, 
and mixing thoroughly after each ingredient: 


1. Ox serum, Seitz filtered 20 mi 
2. Sodium hydroxide, NaOH, 0.1 mol/litre 12m! 
3. t-cystine, 0.4% in hydrochloric acid, 

HCl, 0.1 mol/litre 12 ml 


4. Potassium tellurite, K,TeQ,, 1% 

in sterile water , 6 ml 
5. Sodium thiosulphate (anhydrous), 

Na.S.O,, freshly made 2.5% solution 


in sterile water 3.4 mi 


Preferably, solutions 2 to 5 should be first pasteurized 
at 60°C for 30 min. All should be stored at 4°C. As some 
batches of t-cystine are inhibitory to C. diphthenae, 
each new batch should be tested before use. 

Immediately after addition of the enrichments, 20 ml 
amounts of the melted medium should be poured into 
Petri dishes. The complete medium should be trans- 
parent and light yellow in colour. As it is not stable, 
the plates should be kept at 4°C and used within 
4 days. Surface moisture should be dried off plates in 
the incubator, with their lids half open, for 10 min just 
before inoculation. 

Commercial Tinsdale base and dried enrichment 
mixture are available (Difco). 


Hiss’s serum sugar media 


These media are used to test the fermentation 
reactions of nutritionally exacting bacteria such as 
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diphtheria bacilli and streptococci. Hiss's serum water 
consists of 25% serum in distilled water adjusted to 
PH 7.5, and for the tests 1% of carbohydrate and an 
indicator dye are added. Most workers, however, prefer 
to substitute dilute peptone water for the distilled water, 
as in the following formula. 


Calf or rabbit (not horse) serum 200 mi 
Peptone (0.5%) water, pH 7.6 800 ml 
Test carbohydrate 10g 
Indicator solution, as below. . 


Indicator. The indicator generally recommended 
is Andrade’s 0.5% acid fuchsin neutralized to a yellow 
colour with just sufficient NaOH solution 1 mol/litre. 
10 ml of this indicator is added to 1 litre of medium. It 
turns dark pink if acid is produced. 

Alternatively, 50m! of 0.2% phenol red solution 
(turns yellow at pH 6.8 and lower) or 12.5 ml of 0.2% 
bromothymol blue solution (yellow at pH 6.0 and lower) 
may be added per litre. 

Sterilization. Preferably, sterilize the complete 
medium by filtration and distribute it aseptically in 
2.5 ml amounts in sterile screw-capped 6 ml! bottles. 

Alternatively, if heat is used, care must be taken 
not to hydrolyse the test carbohydrate by overheating. 
Distribute the medium without carbohydrate in 2.5 ml 
amounts in screw-capped 6 ml bottles, apply the caps 
tightly and steam the batch at 100°C for 20 min on 
each of 3 successive days. Prepare 10% solutions 
of the test carbohydrates, sterilize them by filtration or 
steaming at’ 100°C for 60 min, and then with sterile 
precautions add them in 0.25 ml amounts to the bottles 
of 2.5 ml medium. 

Starch medium. On standing in solution even in 
the cold, starch gradually becomes hydrolysed to 
glucose, which is fermented by all biotypes of C. 
diphtheriae. |t is essential therefore to make up the 
starch solution only when required and add it to the 
serum water medium immediately before the test. To 
prepare 20-30 bottles of starch medium, proceed as 
follows. Weigh out 0.15 g of soluble starch and place 
it in a sterile ‘universal container. Add 5 ml of distilled 
water, screw on the cap and shake vigorously. Heat 
at 100°C for about 5 min, shaking at intervals to pro- 
duce a homogeneous solution. Cool and then add 
0.15 ml with a sterile pipette to each bottle of 2.5 ml 
serum medium. Use for tests within a few days. 


Serum-free sugar medium 
Proteose peptone (Difco No. 3) 209 


Sodium chloride, NaCl 4.89 
Casamino acid 3.09 
Tween 80 3 ml 


7“ 


CORYNEBACTERIUM _ 15 


Glycerol 1.2 ml 
Distilled water ‘4.2 litres 


1. Dissolve the ingredients, adjust pH to 7.8 and 
sterilize at 121°C for 20 min. 

2. Add 1g of filter-sterilized carbohydrate (glucose, 
maltose, etc.) and 1 ml of Andrade’s indicator to 100 ml 
of the above and distribute in 2.5 ml volumes. 


Urease test 


inoculate solid culture material heavily on to a slope 
of Christensen’s medium (Ch: 7), incubate for 24h 
and look for the development of a purple-pink colour 
indicating urease activity. 


in-vitro toxigenicity test 


This test (Ouchterlony—Elek or Elek or immunodiffusion 
test) was first described by Ouchterlony in 1941. He 
cut a rectangular ditch in a serum agar plate and filled 
it with diphtheria antiserum. He then streaked strains 
of diphtheria bacilli, including a known toxigenic and 
a non-toxigenic test strain, across the plate at right 
angles to the ditch. Antitoxin diffuses into the medium 
and encounters toxin produced by the growing 
diphtheria bacilli. ‘Moustache-like’ lines of precipitate 
appear which fuse with those from the known toxigenic 
test strains (line of identity). Elek (1949) modified 
Ouchterlony’s method by replacing the rectangular 
ditch with strips of sterile filter paper soaked in 
diphtheria antitoxin (500-1000 units). He compared 
this method with in-vivo toxigenicity tests in rabbits 
and guinea-pigs and demonsirated a high degree of 
comparability (92%). Since then many reports of false 
negative (no line of precipitate for a toxigenic strain) 
and false positive (line of precipitate for a non-toxigenic 
strain) have been made. A number of variations of the 
above technique have been described. Any laboratory 
planning to carry out in-vitro toxigenicity tests should 
regularly check the contro! organisms, the antitoxin 
and the ingredients. Bickham & Jones (1972) modified 
Elek's method and claimed satisfactory results. Anti- 
toxin is used at the lower concentration of 100 units. 
These workers found rabbit, monkey, human, horse 
or sheep serum satisfactory for use in the medium as 
long as the toxigenic control strain produced a strong 
iine of precipitate within 48 h. They used rabbit serum. 


Test medium 


Add 20g proteose peptone (Difco), 3.0g maltose, 
0.7 ml lactic acid, and 1.5 mi of a 40% NaQOH solution 
to 500 ml of distilled water. Boil the mixture while 
constantly shaking it. Filter through Whatman No. 12 


fitter paper. Add the filtrate to 500 ml of a hot solution 
of 3% agar and 1% NaCl in distilled water. Adjust pH 
to 8. Distribute in 10m! volumes in screw-capped 
bottles and autoclave at 115°C for 10 min. Maximum 
storage time is 6 months. 


Preparation of test plate 


Prepare a strip of sterile filter paper (70 x 15 mm, 
Whatman No. 3) saturated with 1 ml of diphtheria 
antitoxin (100 units/ml). Allow excess to drain. Add 2 ml 
of sterile serum, 1 ml of a sterile solution of 0.3% 
potassium tellurite and a tube of melted agar base at 
60°C to a flat scratch-free Petri dish. Mix the contents 
thoroughly by gentle rotation. Use sterile forceps to 
place the antitoxin strip in the centre of the test plate, 
before the agar has completely set. Allow the plate to 
dry for about 1 h. 

The plate should be used within 2h of preparation 
by streaking the test strain as well as the control 
positive and negative strains at right angles to the 
strip. Care must be taken not to touch the strip with 
the inoculum. Incubate the plate at 37°C and examine 
at 24 and 48 h. 

If the inoculum is pure, potassium tellurite can be 
omitted. 

A positive reaction (see Fig. 15.1) shows toxin— 
antitoxin lines at angles of 45° to the line of inoculum 
when the plate is viewed in indirect light against a dark 
background. This line may fuse with the line from the 
positive control forming a line of identity. A negative 
control should be free of any line. 





Fig. 15.1 A diagram showing the recognition of toxigenic 
strains of diphtheria bacilli by the Elek method. The horizontal 
strip of filter paper (f) contains antitoxin. Growths of diphtheria 
bacilli at right angles to it are: (a) positive control, (b) and (c) 
positive test strains, and (d) negative control. Lines of precipitate 
are produced by the toxigenic strains and appear as pale lines 
when viewed in indirect light against a dark background. 
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Listeria, Erysipeiothrix 


R. G. Mitchell 





Smali Gram-positive bacilli belonging to the genus 
Listeria occur world-wide in soil, surface water, 
vegetation and throughout the food chain. They 
colonize a wide range of wild and domestic animals 
and man, and may cause infection (listeriosis). Until 
recently, human listeriosis was considered to be a 
zoonosis involving direct contact with animals or 
their products. During the 1980s, however, several 
large outbreaks were reported in N. America and 
Europe which were caused by foods contaminated 
with listeriae. Over the same period, the reporting of 
sporadic cases of listeriosis increased, and occasional 
small nosocomial outbreaks were recognized. The 
increased awareness and public concern have obliged 
medical, veterinary and food microbiologists to be 
more vigilant (McLauchlin 1990a,b). 

The intergeneric classification of Listeria is uncer- 
tain, but it is currently placed between Lactobacillus 
and Bactlus, and appears closely related to Brochothnx 
(Seeliger & Jones 1986). Six species are recognized: 
L. monocytogenes, L. innocua, L. welshimeri, L. seeligeri, 
L. wanovn and L. grayi. Two subspecies of L. rvanovit 
are now identified: L. :vanovu tvanovu and L. tvanovit 
londomensis. L. grayt now incorporates strains previ- 
ously identified as L. murrayi. Only L. monocytogenes 
is likely to be encountered as a human pathogen. 
However, other species may cause animal infections, 
notably L. tvanovi in sheep (and very rarely in man). 
‘They may also be found as commensals in the human 
gut and in food and may require differentiation 
from L. monocytogenes. 
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LISTERIA MONOCYTOGENES 
Morphology 


This is a Gram-positive rod measuring approximately 
0.5 x 2—3 um, occurring singly or in pairs which are 
often angled at the point of contact and may resemble 
diphtheroids or diplococci. Filamentous forms may 


develop in older cultures, sometimes with loss of 
Gram reaction. Non-capsulate, non-sporing, non- 
acid-fast. Flagellate and show ‘tumbling’ motility 
at 20—25°C, not at 35—37°C; occasional non-motile 
strains have been isolated. 


Cultural characters 


Aerobe and facultative anaerobe. Optimal tempera- 
ture for growth is 35-37°C, but capable of growth 
from 2—43°C. Grows on most ordinary media if a 
fermentable carbohydrate is present, but blood agar 
or tryptose phosphate agar are recommended. After 
24h incubation ‘at 37°C, colonies are 0.5—1.5 mm 
in diameter, smooth, translucent and emulsifiable. 
On blood agar, L. monocytogenes develops zones of 
slightly hazy §-haemolysis; the colonial appearances 
may be indistinguishable from those of group B 
streptococci, although listeriae are never pigmented. 
L. ivanovti colonies develop larger zones of complete 
haemolysis with outer zones of partial haemolysis. 
When grown on a translucent medium and viewed 
at low magnification by oblique transmitted light, 
listeria colonies have a characteristic blue colour 
which is an aid to selection (Gray 1957). Growth on 
MacConkey’s medium is poor. 

L. monocytogenes produces a {j}-haemolysin known 
as listeriolysin-O, which is a virulence factor anti- 
genically related to streptolysin-O and pneumolysin. 
Non-haemolytic strains of L. monocytogenes produced 
by genetic deletion are avirulent. 


Biochemical reactions 


Listeria spp are catalase positive, Voges—Proskauer 
and methy] red positive, with negative reactions for 
oxidase, urease, indole and H,S production. ‘They 
ferment glucose without gas; acid from salicin; 
aesculin positive. The various species can be readily 
differentiated by relatively few tests (Table 16.1). 
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Antigenic structure 


At least 14 heat-stable somatic O antigens and four 
heat-labile flagellar H antigens can be detected by 
agelutination reactions with absorbed rabbit anti- 
sera, yielding 16 serovars within the genus. The 13 
serovars of L. monocytogenes are designated 1/2a, 
1/2b, 1/2c, 3a, 3b, 3c, 4a, 4b, 4ab, 4c, 4d, 4e and 7. 
The serovars 1/2a, 1/2b and 4b account for more 
than 90% of cases of listeriosis. Serovar 4b has caused 
most of the major outbreaks, and is responsible 
for most of the sporadic cases in the UK. Serovars 
1/2a and 1/2b are those most commonly isolated 
from food samples. Several of the L. monocytogenes 
serovar antigens occur among other Listena spp. 
Serovar 5 is confined to L. tvanovtt while serovars 
6a and/or 6b are found among L. inmnocua, L. 
welshimeni and L.. seeliger. 

Not all strains of L. monocytogenes possess plasmids; 
when present, plasmids occur singly, and up to seven 
different plasmid sizes have been recognized. 


‘Resistance to physical and chemical 
agents 


Despite apparent failures of pasteurization thought 
to have caused outbreaks of infection, and much 
conflicting experimental evidence, it is now generally 
considered that commercial pasteurization of milk 
(71.7°C for 15 seconds) effectively inactivates L. 
monocytogenes. The organism 1s able to grow in food 
in the presence of 1% sodium nitrite or 10% sodium 
chloride and is relatively resistant to disinfectants. 
It grows in the pH range 6.0—9.6 but at low pH is 
more susceptible to organic than to inorganic acids. 
In the environment it appears very hardy, able to 
survive or even multiply in soil and sewage sludge for 
many months, despite drying, freezing and thawing. 
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Antimicrobial sensitivity tests 


L. monocytogenes is sensitive to penicillin, amoxycillin, 
gentamicin, chloramphenicol, trimethoprim, cotrimox- 
azole, erythromycin, vancomycin, rifampicin and 
tetracyclines. It is resistant to most cephalosporins 
but appears sensitive to imipenem. However, the 
activity of most of the above antibiotics im vitro 1s 
primarily bacteriostatic, and more information about 
possible efficacy is obtained from killing curves, using 
antibiotics alone and in combination. Penicillin or 
amoxycillin/ampicillin combined with gentamicin 1s 
bactericidal and this is generally the treatment of 
choice. Trimethoprim and cotrimoxazole are bac- 
tericidal. Transferable plasmid-mediated resistance 
to tetracycline, erythromycin, chloramphenico! and 
streptomycin has been reported in a single strain 
(Poyart-Salmeron et al 1990). 


Clinical features of listeriosis 


Listeria monocytogenes is commonly ingested in food, 
and is usually a harmless transient in the intestinal 
tract. Carriage rates of 5-10% have been reported, 
yet listeriosis remains a comparatively rare disease. 
Those vulnerable to infecton include pregnant 
women and their offspring, the elderly, and panents 
suffering from malignant conditions or debilitating 
diseases such as cirrhosis or diabetes mellitus, or 
receiving immunosuppressive therapy. However, 
healthy older children and young adults are some- 
times infected. Overall, mortality i is c. 30%, despite 
appropriate treatment. 

Infection in pregnancy is most commonly recog- 
nized in the last trimester. It is-heralded by an influ- 
enza-like prodrome with chills, coryzal symptoms, 
myalgia, backache and sometimes urinary frequency. 
These are followed by a latent period, during which 
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the placenta is progressively invaded by listeriae. 
Severe disease in the mother is unusual. Intrauterine 
infection of the fetus may result in abortion, stillbirth, 
premature delivery, or acute-onset disseminated 
infection in the newborn infant (including the form 
known as granulomatosis infantisepticum) with a 
mortality of 35-50%. “Late onset’ neonatal infections 
are due to organisms acquired from the mother 
at birth, from contaminated equipment, or by cross- 
infection within the nursery. They usually present 
with meningitis and have a lesser mortality of c. 25%. 

In adults, listeriosis typically involves the central 
nervous system (CNS), giving rise to meningitis, 
meningoencephalitis, rhomboencephalitis, brain ab- 
scess or spinal abscess. Another group of patients 
presents with a primary bacteraemia which may re- 
sult in various focal infections. L. monocytogenes may 
be the causative organism of infective endocarditis 
in patients who have ‘no predisposing factors for 
listeriosis. Veterinary surgeons, farmers and poultry 
workers may suffer cutaneous infections arising from 
direct contact with infected animals or birds. 

During the 1980s a number of large-scale out- 
breaks of listeriosis occurred, in which contaminated 
foods were implicated as the source of transmission. 
The foods included coleslaw made from cabbage 
contaminated with sheep manure; milk contaminated 
after pasteurization; and Mexican-style soft cheese 
contaminated with raw milk (see Farber & Peterkin 
1991 for an excellent review of food transmission 
of listeriosis). However, most cases of listeriosis are 
sporadic. These too are probably food-borne, but 
because of the variable incubation period (up to 70 
days) and the possibility of cross-contamination in 
the domestic refrigerator, it is not usually possible 
to incriminate particular foods in the home. In case- 
contro] studies, unreheated hot dogs, undercooked 
chicken and paté have been implicated. 


Laboratory diagnosis of listeria 
infections 


This relies on the isolation of L. monocytogenes from 
blood, cerebrospinal fluid (CSF), an internal organ, 
or other usually sterile site. Blood culture is indicated 
in virtually every case, and any of the established 
commercial systems is suitable, subcultures being 
made to blood agar. It is important not to reject 
‘diphtheroids’ as contaminants without careful ex- 
amination. When there is evidence of CNS involve- 
ment, CSF is examined unless lumbar puncture 
is contraindicated. In mainly meningitic forms of 
listeriosis, the CSF shows a pleocytosis with cell 
counts of 107-10’ c.u./mm. Either polymorphs or 


lymphocytes may predominate. The glucose level is 
usually normal or raised, but is occasionally lowered. 
The protein level is raised. Gram-stained smears 
show the presence of organisms in fewer than half 
the cases; organisms occasionally appear Gram- 
negative, especially if antibiotics have already been 
given. The CSF deposit is plated out on blood and 
chocolate agars, and incubated at 37°C for 3 days. 
Uncentrifuged CSF is added to nutrient broth and 
incubated at 37°C for 5 days. Cultures are positive 
in nearly every untreated case. In the more purely 
encephalitic forms of listeriosis, the abnormalities 
in the CSF tend to be less pronounced, or absent, 
and cultures are rarely positive. In listeria] brain 
abscess, diagnosis may ultimately rest on the culture 
“of pus obtained at operation or indeed at autopsy. 
Blood cultures are positive in the majority of cases of 
listerial meningoencephalitis, and should be taken 
even when there is a lymphocytosis in the CSF. The 
peripheral blood shows a polymorph leucocytosis. 

If a pregnant woman has symptoms suggestive of 
listeriosis, the diagnosis can be confirmed only by 
blood culture (Report 1992), which should also be 
considered if a pyrexia of 38°C does not resolve 
within 48 h. It is sometimes possible to obtain amni- 
otic fluid for microscopy and culture if amnionitis 
is suspected. At delivery, a bacteriological specimen 
is obtained from the:placenta, which is also sub- 
mitted for histopathological examination. Cultures 
are performed on both ordinary and selective media 
(see below). Specimens for culture are taken from a 
neonate, stillbirth or products of conception. The 
‘septic screen’ of the neonate includes investigation 
of blood, CSF, gastric aspirate, nasopharyngeal 
aspirate and meconium, as well as swabs of eyes, ears 
and any skin lesions. No special media are required 
for specimens from these potentially sterile sites. 
Gram-stained smears, particularly of the gastric 
aspirate, may give a vital lead to the diagnosis. Ma- 
ternal blood and amniotic fluid should also be taken 
at delivery for culture. 

In the UK, serological tests are considered value- 
less, being neither specific nor sensitive, and are 
not currently available in reference centres. Normal 
healthy subjects may have positive titres, whereas 
culture-proven cases may remain seronegative. How- 
ever, a test for anti-listeriolysin-O has been favourably 
reported (Berche et al 1990). 

It is generally considered that examination of 
vaginal swabs and faeces for listeria organisms is of 
no value in the diagnosis of listeriosis. However, 
improvements in food hygiene and compliance with 
dietary advice have probably led to a marked decline 
in normal carriage rates: McFadyen et al (1992) 
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found that only | in 1000 antenatal patients was a 
carner. Hence, if there is clinical suspicion of ma- 
ternal listeriosis, carriage of L. monocytogenes in the 
vagina or stool provides useful collateral evidence 
for this and it would seem prudent (and safe) to insti- 
tute a course of amoxycillin until the problem is re- 
solved. Culture of faeces is done on selective media 
with broth enrichment (see below). 


Identification of L. monocytogenes 


It is essential in the hospital laboratory to make a 
rapid presumptve identification of any organisms 
likely to be listeriae. Suspect haemolytic colonies on 
horse or sheep-blood agar are confirmed as Gram- 
positive rods and as aerobes, by aerobic subculture 
if necessary. A subculture is made to nutrient agar 
for catalase detection. Two nutrient broths are 
inoculated and incubated, one at room temperature, 
the other at 37°C, and examined for ‘tumbling’ 
motility at 6 and 18 h by the ‘hanging-drop’ method. 
Putative listeria colonies on selective solid media are 
subcultured to blood agar for further examination, 

Among the haemolytic strains, subsequent differ- 
entiation of L. monocytogenes from L. 1vanovii and L. 
seeligeri can be made using sugar fermentation reac- 
tions. L. monocytogenes is L-rhamnose +, D-xylose -, 
and a-methyl-p-mannoside + (Table 16.1). Accord- 
ing to MacGowan et al (1989), L. monocytogenes is 
ribose —, whereas L. tvanovii is ribose +. However, 
these conventional biochemical tests take at least 
48 h. The CAMP reaction (see Ch. 12) is invaluable, 
but requires experience and immediate access to in- 
dicator strains; it is described by McLauchlin (1988). 
Instead, identification may be confirmed with one 
of several commercial test-kits. These include: 


1. API 20 STREP (bioMeérieux) (4 h incubation) 
gives excellent identification at the generic level, but 
L. monocytogenes is not differentiated from L. seeligeri; 
this requires a test for xylose fermentation. 

2. API ZYM (4h) provides substrates for 19 con- 
stitutive enzymes. Listeria spp can be differentiated 
from other Gram-positive organisms, but (except 
for L, grayt) further speciation is not possible by this 
system. 

3. API CORYNE (24h). This does not distin- 
guish L. monocytogenes from L. innocua, but the latter 
is non-haemolytic. 

4. API 50 CHO (24h) reliably identifies Listeria 
spp but most of its substrates are not utilized. 

5. Mastalist (Mast) (24-48 h). This system uses 
agar plates containing appropriate substrates and 
incorporates a CAMP test. It identifies all Listeria 
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spp but it is intended for multi-point inoculation 
and is reserved for testing large numbers of strains. 

6. The API Listeria kit (24 h) identifies all Listeria 
spp. It incorporates a patented enzymatic test to 
distinguish L. monocytogenes from L. innocua and 
avoids the use of the CAMP test. 


It is recommended that presumptive L. monocytogenes 
strains are submitted to a reference centre for con- 
firmation and typing. In Britain, they may be sent 
to the Listeria Unit, Division of Microbiological 
Reagents, Central Public Health Laboratory, Colindale 
Avenue, London, NW9 5HT. 


isolation from foods and contaminated 
specimens 


Methods should be sufficiently sensitive to detect 
fewer than 20 organisms per gram of sample. The 
cold enrichment technique, in which a nutrient 
broth culture is incubated for weeks or months at 
4°C with regular subcultures, has been superseded. 
Instead, samples are incubated at 30-37°C in various 
selective enrichment broths (SEB) containing inhibi- 
tory agents such as nalidixic acid, acriflavine, phenyl 
ethyl alcohol, hthrum chloride, colomycin, certain 
cephalosporins and antifungal agents. Media and 
methods differ for different foods. The American 
Food and Drugs Administration (FDA) method for 
milks and cheeses (Lovett et al 1987) employs a 
single enrichment stage. The sample is selectively 
enriched in a suitable broth at 30°C for 24h. Two 
aliquots, one of which is alkalinized to counter any 
fall in pH, are then subcultured on solid medium 
for 48 h. Further subcultures from SEB may be made 
at 48 and 72 h. Alternatively, a two-stage enrichment 
process may be used in which the second broth is 
more selective than the first. The formulations of 
various SEB are reviewed by Curtis & Lee (1995). 
Several listeria selective agars (LSA) have been 
described. Oxford agar (Curtis et al 1989) largely 
suppresses enterococci and contains an aesculin- 
fermic citrate indicator system which turns listeria 


colonies black; it should be incubated at 30°C for 


maximal detection of listeriae. PALCAM agar (van 
Netten et al 1989) incorporates mannitol and phenol 
red as a second indicator system, and is incubated 
under microaerophilic conditions. Enhanced haemo- 
lysis agar, or EHA (Cox et al 1991), incorporates 
sphingomyelinase in sheep blood agar to give a direct 
CAMP reaction and is claimed to give a high recovery 
rate. 

Specimens may contain listeriae that have been 
sublethally damaged by heat, cold or chemicals, and 
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such.organisms are not reliably isolated by the above 
techniques, since selective agents may inhibit their 
growth and recovery. To overcome this, specimens 
may be incubated in a pre-enrichment (recovery) 
broth for 6 to 24 h and then transferred to a standard 
SEB. Another method is to incubate the specimen in 
a basal broth, with or without a growth supplement 
such as sodium pyruvate 0.1% w/v, and then to 
add commercially provided selective supplements 
after an interval. Recovery of stressed organisms 
may be improved by microaerophilic culture and by 
growth on blood-containing media such as EHA. 

Since infection may be dose-dependent, there 
is a quantitative aspect to listeria culture. Some 
authorities have adopted a policy of ‘zero-tolerance’ 
in respect of listeriae in ready-to-eat foods, i.e. 0 
organisms per 25 g of food. However, in most out- 
breaks, counts of > 10°/g have been present in the 
foods responsible, and a more tolerant policy might 
regard counts below 10%/g as ‘fairly satisfactory’. 
Enumeration is done by homogenizing samples 
in nutrient broth and plating aliquots of decimal 
dilutions on to LSA, or by the use of a spiral plating 
technique. 

Because cultural methods are time-consuming, 
alternative methods have been developed, based on 
antigen or nucleic acid sequence detection in foods 
and clinical specimens. However, they are usually 
preceded by a pre-enrichment stage in SEB. A com- 
mercial ELISA kit employing monoclonal antibodies 
is available (Listeria-Tek, Organon). This detects a 
common surface antigen and so is only genus- 
specific; it also requires the back-up of a cultural 
method for confirmation and species identification. 
Monoclonal antibodies have also been employed in a 
rapid immunofluorescence test for L. monocytogenes 
in soft cheese without prior enrichment. A DNA 
probe assay (Gene-Trak) uses a fluorescein-labelled 
probe targeted to a listeria-specific 16S rRNA se- 
quence. The polymerase chain reaction has been 
used to detect L. monocytogenes DNA in paraffin- 
embedded tissues, and will probably be applied 
commercially to foods. 


Typing methods 

In addition to serotyping, other typing methods are 
available for L. monocytogenes. Phage typing is regu- 
larly used, but has limitations; while over 80% of 
serogroup 4 strains in the UK are typable, only 37% 
of serogroup 1/2 strains can be typed by this means. 
Various genomic methods are being developed. 
Restriction fragment length polymorphism (RFLP) pat- 
terns are determined by a cloned DNA probe which 


Sa eee ee ee ee TEE 


LISTERIA, ERYSIPELOTHRIX 7&3 


hybridizes to fragments of endonuclease-treated 
DNA. All strains are typable by this method, and 
more than 30 different RFLP patterms are recog- 
nized, with particularly good discrimination among 
serogroup 1/2 strains. Random amplification of poly- 
morphic DNA (RAPD) is a relatively simple, rapid 
and highly discriminatory procedure. Multilocus 
enzyme electrophoresis (MLEE or MEE) examines 
variations in the electrophoretic mobilities of a 
selected range of metabolic enzymes on starch gel, 
producing distinctive allele profiles known as electro- 
types (ET's). All strains are typable by MEE, which 
has proved invaluable in comparing clinical and 
environmental! isolates, and confirming the common 
source of an outbreak. 

Other methods at the experimental stage include 
ribotyping; pulsed field gel electrophoresis; pyrolysis 
mass spectroscopy; and resistogram typing. The re- 
sults of two or more systems can be combined to give 
even more differentiation among L. monocytogenes 
strains. 


ERYSIPELOTHRIX RHUSIOPATHIAE 
(E. INSIDIOSA) 


This is the only important species in the genus. 
It is found world-wide in many wild and domestic 
animals and birds, sometimes as a pathogen, and in 
the slime coating of fish. Whether it exists as a true 
environmental saprophyte has not been established. 
It occasionally causes zoonotic infections in man, 
but isolation of the organism is a rare event. It is 
customary to compare and contrast the properties 
of E. rhusiopathiae with those of L. monocytogenes, but 
confusion between the two organisms should not 
arise. 


Taxonomy 


The classification of E. rhusiopathiae remains uncer- 
tain. It was formerly considered to be closely related 
to Listeria, but numerical taxonomic studies now 
suggest a close affinity with streptococci (Jones 
1986). There is considerable heterogeneity within 
the genus, and a further species, E. tonsillarum has 
been proposed. 


Morphology and cultural characters 


E. rhusiopathiae is typically a slender, straight or 
slightly curved Gram-positive rod, measuring 0.2- 
0.4 x 1-2um. Non-capsulate, non-sporing, non- 
acid-fast and non-motile. Aerobe and facultative 
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anaerobe, with growth improved by added COQO,. 
Growth occurs on nutrient agar but is improved by 
added glucose or serum. On blood agar after 48h 
incubation, smooth (S) colonies are 0.5—1 mm in 
diameter, circular with an entire edge, low convex, 
translucent and glistening and surrounded by a 
variable zone of a-haemolysis. A rough (R) colonial 
form, said to resemble very small colonies of Bacillus 
anthracts, occurs in which the organism grows pre- 
dominantly as long filaments or chains. The S form 
is favoured by growth at 33°C, alkaline pH; the R 
form is favoured by growth at 37°C, neutral pH. 
Broth cultures from S colonies show uniform turbidity, 
whereas R colonies give rise to flocculent or matted 
growth. Grows on tellurite agar, the colonies even- 
tually turning black. No growth on MacConkey agar. 
Optimal temperature range for growth 30—37°C, 
no growth at 4°C; optimal pH range 7.2~—7.6. Most 
strains of FE. rhusiopathiae are coagulase positive by 
tube and/or slide agglutination tests with rabbit 
and/or bovine plasma (Tesh & Wood 1988). 


Biochemical reactions 


E. rhusiopathiae ferments glucose without gas pro- 
duction, and forms acid from fructose, galactose 
and lactose. ‘These sugar reactions are weak, and are 
more reliably carried out in nutrient broth or serum 
broth as the basal medium than in peptone water 
Gones 1986). No acid from mannitol, rhamnose, 
p-xylose or o-methyl-p-mannoside (cf. listeriae). 
Catalase negative, with negative reactions for oxi- 
dase, indole production, urease, nitrate reduction, 
Voges—Proskauer and methyl red tests. H,S is 
produced from triple sugar-iron agar (TSI; Ch. 7), 


Viability and antibiotic sensitivities 


E. rhusiopathiae can survive for long periods in a dried 
state and at low ambient temperatures; also in the 
sodium chloride concentrations found in some pre- 
served foods, though not above 6.5%. It is resistant 
to sodium azide 0.1%, phenol 0.2% and potassium 
tellurite 0.05%. It is killed by heating to 60°C for 
15 min. £. rhusiopathiae is sensitive to penicillin 
(the treatment of choice), cephalosporins and erythro- 
mycin, but resistant to sulphonamides, aminoglyco- 
sides (except streptomycin) and vancomycin. A case 
of FE. rhustopathiae endocarditis was successfully 
treated with ciprofloxacin after failure with penicillin 
and gentamicin (MacGowan ez al 1991). 
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Infections 


E. rhusiopathiae causes various diseases and syn- 
dromes in animals,-notably a form of erysipelas in 
pigs and arthritis in pigs and sheep. Human infection 
is an occupational hazard among groups handling 
raw meat or fish, including butchers, poultry work- 
ers, veterinary surgeons and fishmongers, who may 
suffer contaminated cuts or scratches (Reboli & 
Farrar 1989). Inoculation of the organism through 
the skin causes erystpeloid, a painful, swollen, purplish 
lesion usually affecting the fingers or hands. It may 
be accompanied by local arthritis, lymphangitis or 
lymphadenitis. A diffuse cutaneous form has been 
described. Septicaemia and/or endocarditis may 
occur, either as a rare complication of erysipeloid, 
or from ingestion of the organism. 


Laboratory diagnosis of erysipeloid 
infections = 


Since erysipeloid is usually a closed lesion, without 
abscess or pustule formation, bacteriological con- 
firmation of the infection may be difficult or impos- 
sible to obtain. A full-thickness skin biopsy or 
tissue fluid from the periphery of the lesion should 
receive primary culture in glucose or serum broth. 
If specimens are grossly contaminated, they may 
be incubated in a selective broth containing 0.04% 
kanamycin and 0.0025% vancomycin, or plated on 
blood agar containing sodium azide 0.1% and crystal 
violet 0.001%, pH 6.8 (Packer 1943). A simpler 
alternative is to place gentamicin and vancomycin 
discs on seeded culture plates before incubation. 
Blood cultures are rarely positive in erysipeloid, 
but are diagnostic in cases of septicaemia or endo- 
carditis; any established commercial method may 
be used. 


Identification 


E. rhusiopathiae is identified by its microscopic and 
colonial appearances, o-haemolysis and the following 
characteristics: coagulase positive, catalase negative, 
H,S positive, non-motile, no growth at 4°C. Colonies 
on blood agar may resemble vindans streptococci 
or lactobacilli, which are also catalase negative but 
H,S negative. Corynebacteria and listeriae are cata- 
lase positive, coagulase negative. Identification of 
E. rhustopathiae may be confirmed by the API 
CORYNE system (24h). 
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Bacillus 


J. P- Duguid 





The genus Bacillus comprises the Gram-positive 
rods that grow aerobically on nutrient agar and form 
resistant endospores. The vegetative bacilli are large 
(0.5 x 1.2um to 2.5 x 10 um) and straight, and 
often grow in filamentous chains. Most species are 
Gram positive, at least in young cultures, and most 
are motile with lateral flagella. Some are strict 
aerobes and others are facultative anaerobes, Most 
form catalase and most produce acid but not gas 
from glucose. | 


identification of genus 


Identification of a bacterium as a member of the 
genus depends primarily on observing a growth, 
usually of large, rough or irregular colonies, on an 
aerobically incubated plate and demonstrating their 
content of Gram-positive rods, some of which con- 
tain spores, seen as unstained, usually oval spaces, 
one in each stained mother cell (sporangium). Free 
spores are also unstained except for an outlining of 
Gram-negative colouration. Spores are usually pre- 
sent after culture at 37°C for 24h, but cultures 
should not be discarded as negative until examined 
after incubation for up to 10 days. 


Spores 


The dormant spores are highly resistant to the lethal 
effects of heat, drying, chemical disinfectants and 
UV radiation, and to staining by ordinary proce- 
dures. Their resistance is exploited in procedures 
for demonstrating the presence of scanty spores in a 
culture or for isolating a spore-forming species from 
a specimen of soil, foodstuff or exudate containing 
also a mixture or excess of non-spore-forming spe- 
cies. The culture or specimen is cultured after pre- 
treatment by heating at 70°C for 10 min or longer, 
a treatment that kills the vegetative cells of all 
bacteria except those of some thermophiles. 

An alternative pretreatment is by exposure of the 


specimen to 50% (v/v) ethanol for 1 h (Koransky et al 
1978); the ethanol should have been filtered free 
from any contaminating spores. 

The morphology of the spores is observed to assist 
identification of the different species of Bacillus. It 
is best observed in unstained, thin wet films under 
the phase-contrast microscope, in which the mother 
cells are not shrunken from drying. They appear 
as highly refractile bodies with a dark margin and 
light centre. Those in a pure culture are regular 
in size, shape and position within the sporangium. In 
most species they are oval (ellipsoidal) in shape, and 
central or subterminal in position. In some species, 
although almost as wide as the sporangium, they 
do not bulge it; in others they bulge it and make it 
swollen. In a few species the spores are spherical in 
shape and in a few they are terminal in position. 


Other inclusions; lipid granuies 


The vegetative cells of several species contain inclu- 
sion bodies of lipid, volutin or crystalline protein 
which must be distinguished from spores by their 
different staining properties. 

Lipid granules consisting of poly-f-hydroxy- 
butyrate are found particularly in Bacillus anthracis, 
B. cereus and closely related species. ‘They are usu- 
ally smaller and less refractile than spores and are 
distinguished by staining with Sudan black B by 
Burdon’s method (Ch. 45), which leaves spores 
unstained. They are not stained with hot malachite 
green by Ashby’s method (Ch. 45), which stains 
the spores. Like the spores, they stain red by the 
acid-fast stain with weak (0.25%) sulphuric acid 
decolourizer (Ch. 45). Spores and lipid may also be 
stained differentially by the combined method of 
Holbrook & Anderson (1980) (Ch. 45). 


Occurrence and pathogenicity 


Thirty-four species of Bacillus are recognized by 
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Claus & Berkeley (1986) in Bergey’s Manual of 
Systematic Bacteriology, volume 2. These species are 
listed in Table 17.1 along with some of their 
distinguishing characters. 

Bacillus anthracis is the only true infectious patho- 
gen of higher animals. It produces an anti-phagocytic 


capsule and potent lethal and oedematogenous — 


toxins, and causes the disease anthrax. Anthrax is 
a zoonosis, primarily an infectious disease of wild 
and domesticated herbivores, in which cutaneous, 
pulmonary or intestinal infection culminates in a 
fatal septicaemia. The bacilli do not sporulate in vrvo, 
but do so when discharged from the dying animal. 
The dormant spores may then survive in the environ- 
ment for long periods, for up to 50 years or longer 
in certain soils. | 


Saprophytes and opportunists 


Most of the other species of Bacillus are saprophytes 
resident in the soil, though some can cause opportun- 
istic infections in mammals. In the soil they degrade 
biopolymers and other organic compounds and, on 


cessation of growth, form spores which become. 


widely disseminated in dust. They enter hospitals, 
laboratories, kitchens and food factories, and are a 
common cause of spoilage in foods, in which they 
germinate and multiply. 

Most species are mesophiles, growing best at 
temperatures in the range 30-40°C, but a few are 
cryophiles, growing best, or only, at lower tem- 
peratures, e.g. 0—-20°C, and a few are thermophiles, 
growing best, or only, at higher temperatures, e.g. 
50-65°C. 

Spores of the saprophytes commonly contaminate 
the surfaces of the body, clinical specimens, bacterio- 
logical cultures and the ingredients of culture media. 
Those of some species, e.g. Bacillus subtilis, are very 
resistant to heat, e.g. to boiling at 100°C for several 
hours, so that unless media are correctly autoclaved 
at 121°C for 15 min, they may become heavily 
contaminated by growth from the spores. 

Bacillus cereus is the saprophyte with the greatest 
pathogenic potential for the higher animals and man. 
It 1s closely related to B. anthracis and produces 
several toxins: a lecithinase (phospholipase), two 
haemolysins, a diarrhoeal enterotoxin and an emetic 
toxin. It has been found in a variety of infections, 
mostly in injured, debilitated or immunosuppressed 
subjects, e.g. in abscesses or cellulitis after injury, 
endophthalmitis after injury or surgery to the eye, 
_ meningitis after spinal anaesthesia, septicaemia, 
endocarditis, meningitis, osteomyelitis in drug abuse, 
leukaemia, renal disease or immunosuppression, and 
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in €ar, Urinary-tract and post-operative wound infec- 
tions. Although most infections are in debilitated 
hosts, some severe infections follow entry into a 
lesion in an apparently normal host, showing that the 
organism has considerable pathogenicity. B. cereus, 
moreover, is a common cause of food-poisoning 
from contaminated cooked rice and other dishes: 
Other saprophytic species are less commonly 
found in opportunistic infections of the kinds de- 
scribed for B. cereus. Thus, B. subtilis and B. licheniformis 
have been associated with bacteraemia, endocarditis 


_and food-poisoning. 


The presence of such saprophytes in small numbers 
in a culture from a clinical specimen is generally 
regarded as a contamination of no clinical signifi- 
cance. A pathogenic role is suggested if the organism 
is seen in large numbers in a direct smear or plate 
culture, if other organisms are absent, or if the same 
Bacillus species is found in repeated specimens from 
a normally sterile site or in repeated blood cultures. 

Five Bacillus species, B. larvae, B. lentimorbus, B. 
popilhae, B. sphaericus and B. thuringiensis are lethal 
pathogens of insects. Of these, B. sphaencus and B. 
thuringiensis, which is closely related to B. cereus, have 
been found in opportunistic infections in man. 


Identification of species 


Clinical microbiologists are rarely concerned to 
identify Bacillus species other than B. anthracis and B. 
cereus. Table 17.1 shows some differential characters 
of the species, but for fuller information and details 
of test methods reference should be made to Claus 
& Berkeley (1986). Test cultures of mesophiles are 
best incubated at 30°C and fermentation tests done 
on yeast-extract-ammonium slants.* 


BACILLUS ANTHRACIS ~ 


Morphology 


Rods 3-8 * 1.0—-1.3 um and square-ended; arranged 
in filamentous chains in culture, but many single 
or in pairs in animal’s blood. Spores central, oval 
(ellipsoidal) and not swelling the mother cell; not 
formed in the animal’s blood and tissues or in 
anaerobic cultures. Non-flagellate and non-motile. 
Capsule of poly-y-p-glutamic acid formed in the 
animal body, but in culture only in heparinized or 
defibrinated horse or sheep blood (in-vitro McFadyean 


* Refer to Methods at the end of this chapter. 
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giucose mannitol 


Group 1a: Spores ellipsoidal, not bulging sporangium; vegetative cells large, width >1.0 ym, contain lipid granules. 











8. anthracis G + + = + + 
) B. cereus Cc + tre et & " + 
oy B. fastidiosus C/T - Fite cs _ = 
B. megaterium  &S , - : + t= + = 
B. mycoides | Cc Se ea oe _ + +/— 
B. thuringiensis Cc bh es a ee - + +/- 
Group 1b: Spores ellipsoidal, not bulging sporangium; vegetative cells small, width <1.0 um. 
' B. subtilis C - , + + + - 
B. alcalophilus T a + > ‘ a 
B. badius C/T -- - = cee 
| B. coagulans C/T + os +/- - _ 
| B. firmus C - + + + si 
| -| B. lentus C et or ee + + i is 
B. licheniformis G + * + + = 
B. pumilus Cc ~ + + + as 
Group 2: Spores ellipsoidal, bulging sporangium; vegetative cells small, width <1.0 pm. 
B. acidocaldarius I ~ atts 
B. alvei C/T + + = + me 
B. azotoformans T - = sss = 
B. brevis C/T - +/- +/- - _ 
B. circulans C/T +/— + + +/- ~ 
B. larvae C/T + + +/— es 
B. laterosporus G/L + + + +/— + 
8. lentimorbus C/T + + we = 
8. macerans T + + + + = 
8. macquariensis T + ee 4 = 
B, polymyxa i 5 + + + + - 
B. popilliae C + ra oe ae 
B. stearothermophilus T - + +/- + . 
e& Group 3: Spores spherical, bulging sporangium, vegetative cells small. —_ 
| B. globisporus T - | + _ + 
B. insolitus CIT ~ = - i 
B, marinus tj - + = + 
B. pantothenticus i + + _ + = 
B. pasteuri i + 4 ins 
B. schlegelii T _ ~ = a “s 
B. sphaericus iF - _ a“ +/- in 
Exceptional characters. Gram-negative, B. azotoformans. Parasporal crystals, 8. popilliae, B. thuringiensis. Catalase negative, 
B. azotoformans, B. larvae, B. lentimorbus, B. popilliae. Gas from glucose, 8. macerans, B. polymyxa. Thermophilic, growth at 
55°C. B. acidocaldarius (range 45-65°), B. coagulans (30-55”), B. licheniformis (30-55*), B. stearothermophilus (40-65°), 
B. subtilis (12-50/55*). Cryophilic, no growth above 25°C, B. globisporus, B. insolitus, B. marinus, B. macquariensis. 
test*) or on nutrient agar with 10% serum or Staining reactions 
0.7% sodium bicarbonate incubated in air plus 
5-10% carbon dioxide. Lipid granules of poly-[- Gram-positive, most uniformly in animal tissues. 
hydroxybutyrate formed in vegetative cells, largest Blue bacilli surrounded by irregular purple capsular 
on sugar-rich media. material when stained with polychrome methylene 
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blue by McFadyean’s method.* Purple bacillus 
with red capsule when stained with Giemsa’s stain. 
Non-acid-fast. Spores seen as unstained spaces in 


Gram-stained bacilli and, when free, faintly outlined — 


with Gram counterstain. Lipid granules stain with 
Sudan black B (Ch. 45). 


Cultural characters 


Aerobe and facultative anaerobe. Temperature range 
for growth 12-45°C, optimum 37°C. Grows on ordi- 
nary nutrient media. Sporulation requires aerobic 
conditions and is optimal at 25—30°C, Germination 
of spores requires fresh nutrients and aerobic 
conditions, 

On nutrient agar at 37°C, colonies are greyish, 
granular discs, 2—3mm in diameter after 24h, 
with an uneven surface and wavy margin which 
gives them a ‘Medusa head’ appearance. Each is a 
continuous, convoluted chain of bacilli, and has 
a sticky, membranous consistency which makes it 
difficult to emulsify. Colonies of capsulate bacteria 
on serum or bicarbonate medium are smooth and 
mucoid. Colonies on horse or sheep blood agar are 
virtually non-haemolytic. 

In broth, growth develops as silky strands, a surface 
pellicle and a floccular deposit. In a gelatin stab, there 
is growth down the stab line with lateral spikes, 
longer near the surface, giving an ‘inverted fir tree’ 
appearance; liquefaction is slow and late, e.g. after 
7 days at 20°C, and starts at the surface. 


Biochemical reactions 


Forms acid from glucose, maltose, sucrose, trehalose 
and dextrin, but not from lactose, L-arabinose, 
D-xylose or D-mannitol; gas is not formed. Catalase 
positive. Nitrate reduced to nitrite. There is a weak 
lecithinase reaction on egg-yolk agar,* which gives 
a marrow zone of opalescence around the colonies 
(McGaughey & Chu 1948), 


Viability 

In the dry state and in certain soils the spores may 
survive for 50 years or more. With moist heat, the 
vegetative bacilli are killed at 60°C in 30 min and the 
spores at 100°C in 10 min. With dry heat the spores 
are killed at 150°C in 60 min. The spores are also 
killed by 4% (w/v) formaldehyde or 4% (w/v) potassium 
permanganate in a few minutes. 


Antibiotic sensitivity 


The bacilli are sensitive to benzylpenicillin (0.02 mg/ 
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litre), streptomycin (1 mg/litre), tetracyclines (0.2 mg/ 


litre), chloramphenicol (5 mg/litre), ciprofloxacin 


(0.2 mg/litre), the cephalosporins and sulphonamides. 


Antigens and toxins 


There are three main antigens observed in sero- 
logical tests: (1) the toxin complex of oedema factor, 
‘protective antigen’ and lethal factor, which act 
synergistically and are encoded in a large plasmid, 
pOX1, (2) the anti-phagocytic capsular polypeptide 
(of p-glutamic acid), encoded in plasmid pOX2, and 
(3) a somatic polysaccharide (N-acetylglucosamine 
and galactose). 


Animal pathogenicity 


Cattle, sheep, goats, pigs and other herbivores are 
naturally affected. Mice, guinea-pigs, rabbits, ham- 
sters and monkeys are susceptible to experimental 
infection. There is usually fatal septicaemia with 
marked splenic enlargement. 


LABORATORY DIAGNOSIS OF : HUMAN 
ANTHRAX 


In human anthrax, the bacillus is usually demonstra- 
ble in material from a malignant pustule, sometimes 
in sputum from pulmonary anthrax, and also in the 
blood in the septicaemic stage of all forms of the 
infection, 


Safety 


Man is relatively resistant to anthrax, and labora- 
tory workers are rarely infected. However, great 
care should be taken to avoid escape of the long- 
surviving spores into the laboratory environment, 
and procedures should be carried out in a category 
3 exhaust-ventilated safety cabinet. 


Malignant pustule 


‘The best specimen is fluid from.an unbroken vesicle 
at the edge of the lesion. In early cases, fluid may 
be obtained by scraping the lesion with a needle. 
‘Take up the fluid on a swab. 


Microscopy 


Smear the material on two sterile slides and allow 
to dry. Stain one smear, unfixed, by Gram’s method, 
and the other, a thicker smear imperfectly fixed by 
three rapid passes through a flame, by McFadyean’s 


A\ 





method’ or with Giemsa’s stain (Ch. 45). Provisionally 
identify as anthrax bacilli any large Gram-positive 
bacilli in the former smear and any blue-stained 
bacilli surrounded by irregular red-purple capsular 
material in the latter. As spores may not be killed by 
the fixation and staining, stained smears must be 
autoclaved or incinerated before being discarded. 












BACILLUS Fi 


bonate medium, or as pink-purple material around 
blue-stained bacilli in the in-vitro McFadyean test.* 
Lack of motility may be demonstrated by failure 
to migrate from a Craigie tube through semi-solid 
nutrient agar (Ch. 21) at 30-37°C. Penicillin sensi- 
tivity may be demonstrated with a 5g disc on a 
lawn culture on nutrient agar. 


Confirmatory test in vivo 


Culture 
> Plate the exudate on nutrient agar and blood agar Inoculate intraperitoneally in mice 0.1 ml amounts 
and inoculate into a tube of nutrient broth. Incubate of each of several 10-fold dilutions of a 24h broth 
and store the cultures in a closed container labelled culture, e.g. from l-in-100 to 1-in-1 million. Death 
‘anthrax’, which can be autoclaved after use. After of the animal 24-72 h after receipt of a small dose, 
incubation for 18h at 37°C, examine the plates e.g. 10-1000 spores, the finding of many bacilli in 
for the Medusa-head colonies characteristic of B. the heart blood and spleen by microscopy and cul- 
anthracis, non-haemolytic on the blood plate. In ture, and the post-mortem appearances are diag- 
the broth, look for a pellicle and a deposit; the latter nostic of anthrax. A large dose, e.g. 1 million spores, 
stirs up in a silky whirl when the tube is rotated. of B. cereus, other saprophytic species or an avirulent 
Make films from the cultures, stain by Gram’s strain of B. anthracis may kil] mice, but no growth 
method and look for long tangled chains of large is obtained on culture of the heart blood. 
Gram-positive bacilli, some of which contain central, Perform a post-mortem examination with precau- 
oval spores. Then prepare pure subcultures from tions to avoid contamination of the environment. 
colonies for confirmatory tests. Lay the animal on its back and peg it out on alumi- 
nium foil. Open the abdomen and chest and look 
Contirmatory tests in vitro mn gelatinous haemorrhagic oedema and petechial 
aemorrhages in the peritoneum, black blood slowly 
Differentiate B. anthracis from B. cereus and related clotting when shed, and an enlarged, dark red spleen. 
species by tests for some of the characters listed in Make smears and cultures from the heart blood and 
Table 17.2. Capsulation may be seen in a wet India spleen. Stain the former by Gram’s and McFadyean’s 
ink film from the mucoid growth on serum or bicar- methods, and look for bacilli with the characteristic 
“Table 17.2. Differentiation of Bacillus anthracis rom related species. 
Key: Bs in Table 17:1; al60 -/s;'mast Strains:neyative, someweak positive, 9 
¥ ‘Character . B. anthracis  B. cereus B. mycoides B. thuringiensis BB. megaterium 
Capsule? — : | 4 - a es +j— 
In-vitro McFadyean test* 4 = Ee = = 
Parasporai crystals® as : + £ 
Motility’ | - - ¥ . 2. 
Rhizoid spreading colonies - — = - - 
Haemolysis on blood agar - fe +/'— + +/- 
Egg-yolk lecithinase” + + +f- += 
Growth on penicillin agar® - + + + + 
Lysis by McCloy’s y-phage* + - fs a a 
Growth on Knisely’s PLET agar* + —/+ A ‘es ee 
Growth on 0.25% chloral-hydrate agar*. = — + + +f- + : 
+ = a sig 


High virulence in mouse” 


= 





= 


| in India ink wet film. 





* Growth on serum agar or 0.7% NaHCO, nutrient agar incubated at 35°C in air plus 5-10% CO.; mucoid growth, capsules seen 


a 


» Square or diamond-shaped inclusions by phase-contrast microscopy. 
| | “ By hanging drop or growth through semi-solid agar in a Craigie tube. 


* Growth on nutrient agar with 5 mg/iitre benzylpenicillin. 


° Fatal septicaemia after intraperitoneal injection of 0.1 ml broth culture diluted to contain only 10-1000 spores. 


* Refer to Methods at the end of this chapter. 
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appearances of B. anthracis. Finally wrap the foil 
around the animal, place the whole in an impervious 
pack and incinerate the pack. 

An alternative method is to inoculate 0.1 ml of a 
broth culture subcutaneously in a guinea-pig, and 
examine in the same way. 


Pulmonary anthrax 


1. Collect sputum. Stain a film by Gram’s method 
and examine for large Gram-positive bacilli. Culture 
sputum on plates of nutrient agar, blood agar and 
Knisely’s PLET selective medium* and look for 
large Medusa-head colonies. 

2. Make a blood. culture by adding 5—8 ml of the 
patient’s blood to a broth medium for aerobic bacteria, 
incubate and then subculture on to a blood agar plate. 


Serological diagnosis 


- It is not always possible to.isolate B. anthracis from 


patients with cutaneous anthrax. In such cases a 
retrospective diagnosis may be made by demon- 
strating the presence in the patient’s serum of anti- 
bodies to the protective antigen of B. anthracis. 
Several methods have been described and the most 
sensitive are the enzyme-linked immunosorbent 
assay (ELISA) described by Carman et al (1985), 
and enzyme immunoassay (EIA) described by 
Kleine-Albers et al (1990). 


LABORATORY DIAGNOSIS IN 
DOMESTIC ANIMALS 


Do not make the usual kind of post-mortem exami- 
nation, for it is essential to avoid disseminating 
bacilli into the environment. Sporulation does not 
take place in the body, but the bacilli sporulate 
readily when exposed to air. 


1. Prepare films of blood taken from a superficial 
vein in the ear, stain by Gram’s and McFadyean’s 
methods, and look for the characteristic (non-sporing) 
bacilli, 

2. Culture some of the blood on nutrient agar and 
blood agar plates and look for typical, non-haemolytic 
colonies. 


ISOLATION OF B. ANTHRACIS FROM 
CONTAMINATED MATERIALS 


Contamination with B. anthracis may have to be 
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sought in materials, such as hide, hair, bonemeal and 
soil, liable to contain large numbers of other kinds of 


bacteria, including B, cereus and other spore-forming 


species. A ‘wash’ of the material is prepared and 
examined by selective culture or animal inoculation. 


1. Prepare a ‘wash’ by shaking, e.g. 25 g material 
in 100ml sterile water, and allowing it to soak 
with occasional further shaking for 3h. Allow the 
solid matter to settle. . 

2. Collect the supernatant fluid and heat it at 
60°C for 30 min or 70°C for 10 min to kill all non- 
spored organisms. 

3. Prepare several two-fold or four-fold dilutions 
of the heated fluid. 

4, Culture 0.2 ml of each dilution in pour plates 
of unselective nutrient agar or the yeast extract 
peptone agar of Green & Jamieson (1958) and pick 
deep colonies with rhizoid or dahlia-root appearance. 

5. Also culture each dilution by plating on a selec- 
tive medium, e.g. the peptone, lysozyme and haema- 
tin agar of Pearce & Powell (1951)* or the PLET 
agar of Knisely (1966).* Examine after incubation at 
37°C for 24 and 48h and-pick any B. anthracts-like 
colonies for identification tests. On PLET agar, colo- 
nies of B. anthracis are similar to, but a little smaller 
than, those on nutment agar. B. cereus and other 
Bacillus species are largely inhibited. If B. cereus 
spores are numerous in the specimen, some are likely 
to form colonies: but these tend to be smaller and 
smoother than those of B. anthracis. 

6. Provisionally identify suspect colonies by making 
a stab culture in the inner tube of a Craigie tube 
assembly with semi-solid nutrient agar without anti- 
serum (Ch. 21, Methods). After overnight incubation 
at 30-37°C, B. anthracis appears as a fine, feathery 
growth down the length of the stab, but, being non- 
motile, does not appear on the surface outside the 
inner tube. B. cereus and most other species of 
Bacillus are motile and therefore migrate through the 
agar and appear on the surface outside the inner 
tube. 

7. Confirm the identity of B. anthracis colonies 
by the tests described above for isolates from man 
and listed in Table 17.2, at least by the in-vitro 
McFadyean, haemolysis and penicillin tests. 


isolation of B. anthracis from soil 


The method of Manchee et al (1981) is recom- 
mended. Shake 10 g of soil with 10 or 20 ml of sterile 
water or 0.1 mol/litre phosphate buffer -solution 
(pH 7.0)-for 30 min, or on an orbital shaker at 
300 rpm for 3 min. Then heat at 60°C for 60 min to 
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kill vegetative organisms. Allow the large particles to 
settle or remove them by filtration. 

Prepare several two-fold dilutions of the supernate 
or filtrate and spread 0.2 ml volumes of each on 
each of five surface-dried plates of Knisely’s PLET 
medium.* Incubate at 37°C and examine after 24 
and 48 h. Pick suspect colonies and identify by film, 
stab culture in semi-solid agar, in-vitro McFadyean 
and other tests (Table 17.2). 

As a control, plate 0.2 ml volumes of each of four 
10-fold dilutions of the heated ‘wash’ on plates of 
nutrient agar and incubate at 37°C for 24h. These 
plates will show the numbers and types of other 
Bacillus organisms in the sample. 


isolation in guinea-pig 


By correct use of PLET medium it is possible to 
recover B. anthracis when as few as two or three 
spores are present per gram of soil or other material. 
Isolation by inoculation of a guinea-pig is 2—4 times 
as sensitive and might be attempted in critical cases 
when the PLET method has failed. 


1. Prepare a ‘wash’ of the sample and heat it at 
60°C for 60 min as described above. Centrifuge it at 
about 1500 g for 15 min and discard the supernate. 

2. Inoculate 1,0 ml sediment intramuscularly into 
a guinea-pig which has been passively immunized 
24 h previously with Clostridium perfringens antitoxin 
1000 units, C. septicum antitoxin 500 units, C. novyi 
antitoxin 1000 units, tetanus antitoxin 1000 units. 

3. Death due to anthrax occurs in 2-3 days and 
post-mortem appearances are as described for tests 
of cultures. Demonstrate bacilli in the heart blood 
by culture. 


BACILLUS CEREUS 


B. cereus is the saprophytic species of Bacillus most 
closely related to B. anthracis and having the greatest 
potential as an opportunistic pathogen and some- 
times primary pathogen of man. It causes the wide 
variety of localized and generalized, mainly oppor- 
tunistic infections described earlier in this chapter. 
Food-potsoning. B. cereus is also an important 
cause of toxin-mediated food-poisoning of two dis- 
tinct types, a diarrhoeal ulness with abdominal pain 
and watery diarrhoea occurring about 8-16 h after 
consumption of contaminated food, and an emetic 
vomiting ulness with nausea and vomiting developing 
1-6 h after consumption. Fried rice, cooked poultry 
and meats, soups and desserts have been implicated. 


BACILLUS J¢ 


Morphology and staining 


B. cereus resembles B. anthracts except that it is 
non-capsulate, e.g. in the in-vitro McFadyean test,* 
and almost all strains are motile. 


Cultural and biochemical characters 


On nutrient agar at 37°C it -forms-large (2-5 mm) 
grey-white, granular colonies resembling those of 
B. anthracis, but with a less wavy edge and less mem- 
branous consistency. On blood agar it is haemolytic 
and on egg-yolk agar it gives a strong lecithinase 
reaction which is seen as a halo of opalescence and 
opacity around the colonies. Gelatin stabs are rapidly 
liquified (in 4-7 days at 20°C) and acid 1s produced 
from the same sugars as are fermented by B. anthracis, 
but usually with the addition of salicin. 


Antibiotic sensitivity 


B. cereus, like many other Bacillus species except 
B. anthracis, forms {-lactamase and 1s resistant to 
the penicillins and cephalosporins. Gentamicin, 
clindamycin, erythromycin and vancomycin have 
been used successfully for treatment. 


Antigens and toxins 


Several different vegetative-cell somatic (O) antigens 
and flagellar (H) antigens have been found in differ- 
ent strains of B. cereus. A typing scheme based on the 
H antigens in strains from foods and clinical speci- 
mens has been developed by Taylor & Gilbert (1975) 
and used in studies of food-poisoning outbreaks 
and the distribution of strains in foodstuffs (Gilbert 
& Parry 1977). 

B. cereus forms four toxins: (1) a lecithinase acting 
on the phospholipids in cell membranes, (2) two 
haemolysins, the major one of which, cereolysin, 
is a thiol-activated cytolysin like streptolysin O, (3) 
a diarrhoeal enterotoxin which is active in food-_ 
poisoning but which also damages tissues in non- 
gastrointestinal infections, and (4) an emetic toxin 
which possibly is active in emetic-type food-poisoning. 


Animal pathogenicity 


Toxic cultures kill mice on intravenous or intra- 
peritoneal injection, but capsulate bacilli are not seen 
in. the heart blood. Small doses of 10-1000 spores 
are ineffective. 


323 


eee as ee eee ee ee ee 


{PRACTICAL MEDICAL MICROBIOLOGY ~ 


LABORATORY DIAGNOSIS OF B. 
CEREUS INFECTIONS 


Non-gastrointestinal infections 


The finding of small numbers of B. cereus bacteria 
in a clinical specimen is generally regarded as a 
contamination of the specimen with spores from the 
environment and of no clinical significance. When 
large numbers are found, particularly in the absence 
of more-virulent pathogens, their presence should 
be reported as possibly significant and antibiotic 
sensitivities should be tested. It is possible, however, 
for an abundance of the organisms to be the result 
of growth from a few contaminating spores in a 
delayed specimen. 

In debilitated, traumatized or immunosuppressed 
patients the possibility of an opportunistic infection 
should always be considered. A pathogenic role 
would be suggested by finding the bacilli in repeated 
blood cultures or in a fluid, e.g. cerebrospinal fluid 
or ocular aqueous humour, from a closed site in- 
accessible to contamination from the environment. 
It would also be suggested by the finding of numer- 
ous vegetative bacilli in a film of sputum or wound 
exudate made immediately after collection of the 
specimen or after its refrigerated transport and 
storage. 


Food-poisoning 


The condition should be suspected in patients 
suffering from the onset of vomiting or diarrhoea 
within a few hours after eating cooked rice or other 
dish prepared in a commercial establishment. B. 
cereus may be cultured from the patient’s faeces 
or vomit, or from an unconsumed portion of the 
causal food. Large, irregular, pale (lactose-non- 
fermenting) colonies would be seen on MacConkey 
agar. B. cereus does not grow on deoxycholate citrate 
agar (DCA). 


Demonstration of B. cereus in food, 
faeces and vomitus 


Foodstuffs, faeces and vomitus are commonly con- 
taminated with small or moderate numbers of B. 
cereus bacilli or spores. A causal role of the organism 
is indicated only if large numbers, e.g. > 10°/g, are 
found in the specimen. A quantitative method of 
culture is therefore required, including cultures on 
both unselective and selective media. The role of the 
bacterium may be confirmed by isolation of strains 
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of the same H serotype from the suspect food and 
from the patient’s faeces or vomitus. 


The following method with enumeration by the | 


Miles & Misra technique is recommended, but a 
simpler method is given in Chapter 51. 


i, Collect a sample of 20-50 g in a clean sterile 
container and refrigerate it for transport to and 
storage in the laboratory. 

2. Add 20¢ of the sample to 180 ml quarter- 
strength Ringer’s solution (Ch. 47) and mix in a 
‘Stomacher’ (Seward) to obtain a 1-in-10 suspension. 
For dried rice, soak 20 g rice in 90 ml tryptone water 
(Oxoid CM87) for 50 min at room temperature. 
Then add 90 ml! of 0.1% peptone water as diluent 
to obtain a 1-in-10 suspension, 

3. Mix 10 ml of the 1-in-10 suspension with 90 ml 


quarter-strength Ringer to obtain a ]-in-100 suspen-* 


sion, and repeat the dilution to obtain a 1-in-1000 
suspension. _ 

4, By the Miles & Misra technique (Ch. 48) in- 
oculate three 0.02 ml drops of each dilution of the 
suspension on to plates of blood agar and either 
Baker’s phenol-red egg-yolk polymyxin agar* or 
the similar PEMBA selective medium of Holbrook 
& Anderson,* available from Unipath. Incubate 
either at 35°C for 48 h or at 37°C for 24h followed 
by 24h at room temperature. 

5. Count the B. cereus-like colonies. On Baker’s 
phenol red medium they are pink and are surrounded 
by a large zone of pink opacity. On Holbrook & 
Anderson’s bromothymo! blue medium they are blue 
with a zone of blue opacity. Identify pure cultures 
and calculate the number of bacilli or spores per 
gram of food, faeces or vomitus. | 

6. To obtain a count of spores only, carry out the 
same procedure in parallel on 10 ml] of the 1-in-10 
suspension after it has been heated at 70°C for 
10 min to kill vegetative bacilli, 


BACILLUS SUBTILIS 

B. subuhs is one of the commonest saprophytes 
found as contaminants in foods, clinical specimens 
and laboratory cultures. It.is a facultative thermo- 
phile, capable of growth over the range 12—55°C, and 
its spores are exceptionally heat resistant. Spores 
of B. subtilis subsp. niger strain NCTC 10075 (ATCC 
9372) are used in biological tests of sterilizers; their 
killing demonstrates effective exposure to dry heat at 
160°C for 60 min or moist heat at 121°C for 15 min. 
The organism is sometimes found in opportunistic 
infections or food-poisoning. | 
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B. subtiiis grows well on ordinary media, forming 
large colonies that are circular or irregular, grey- 
yellow, granular and difficult to emulsify. It is iden- 
tified by the characters shown in Table 17.1, by its 
growth at 15 and 50°C, its failure to grow anaero- 
bically, its positive VP (acetoin) reaction, and its 
production of acid from glucose, xylose, sucrose 
and mannitol. Some strains are beta-haemolytic on 
horse blood agar. 


METHODS __ 


McFadyean’s stain 


1. Make a fairly thick smear of blood, exudate or 
tissue fluid, dry in air and fix imperfectly by passing 
quickly three times through a flame. (The method is 
not applicable to cultures, except cultures in blood, see 
below.) 

2. Stain with polychrome methylene blue (Ch. 45) 
for 30 seconds. Wash and dry. Gurr’s polychrome meth- 
ylene blue McFadyean stain (BDH) is recommended. 

3. Irrequiar pink-purple capsular material, both 
surrounding the bacilli and chains of bacilli and some 
detached from them, is indicative of anthrax. 


in-vitro McFadyean test 


This method is convenient and inexpensive when large 
numbers of isolates have to be tested for identification 
as B. anthracis. 


1. Inoculate material from a 24h colony or sub- 
culture into 2—3 ml of sterile heparinized or defibrinated 
horse or sheep blood. Incubate 6—8 h at 37°C. 

2. Make a thick smear from the blood culture and 
fix and stain it as described above. The appearance 
of the blue-stained bacilli and pink-purple capsular 
material identifies B. anthracis. 


Ega-yolk agar 


Prepare a 5% (w/v) suspension of egg-yolk in nutrient 
broth, add 2g kieselguhr per 100ml, filter through 
paper pulp and sterilize by Seitz EK filtration. Add to 
an equal volume of melted nutrient agar containing 
double-normal concentration of agar at 50°C and 
pour plates. 

More conveniently, use sterile commercial egg-yolk 
emulsion. Add to melted nutrient agar at 50°C in 
concentrations recommended by the manufacturer 
(e.g. 5 or 10 mi of 20% emulsion per 100 mi nutnent 
agar), add 1% (w/v) NaCl and pour plates. 
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Yeast-extract agar 


This non-selective medium is recommended by Green 
& Jamieson (1958) for the culture of deep colonies of 
B. anthracis‘in pour plates seeded with dilutions of a 
‘wash’ of bonemeal after it has been heated at 70°C for 
10 min. The colonies have root-like outgrowths giving 
them the appearance of dahlia tubers. Dehydrated 
medium is available from Oxoid. 


Yeast extract 3g 
Peptone 59 
Agar 159 
Distilled water 1 litre 


Dissolve the yeast extract and peptone in the 
water, Adjust to pH 7.6. Add the agar. Steam at 100°C 
for 30 min to dissolve. Filter through a muslin pad 
or Chardin paper to clarify. Adjust again to pH 7.6. 
Distribute in 15m! volumes in screw-capped 28 ml 
universal containers. Sterilize by autoclaving at 115°C 
for 10 min. 


Peptone-lysozyme-haematin agar 


This medium is recommended by Pearce & Powell 
(1951) for selective culture of B. anthracis from soil 
and other materials. It is seeded with dilutions of soil 
‘wash’ which has been heated at 70°C for 10 min, and 
is incubated at 37—38°C. It grows B. anthracis well, but 
suppresses the growth of 95% of other spore-formers 
in soil. 


Peptone 20g 
NaCl 59g 
Agar 20g 
Deionized water 1 litre 


Adjust to pH 7.5, autoclave at 121°C for 15 min. 
Cool to 60°C. To 8 volumes of the melted peptone 
agar at 60°C add 1 volume of each of the following 
two solutions and pour plates at once. 


Haemin 0.4 g/litre in 0.01 M NaOH, autoclaved at 
110°C for 30 min. , 

Lysozyme 0.6 g/litre in 0.01 M acetic acid, heated 
to 60°C for 15 min before use. 


Knisely’s PLET medium 


This medium containing polymyxin, lysozyme, EDTA 
and thallous acetate was devised by Knisely (1966) 
for selective surface culture of small numbers of 
B. anthracis trom soil and other materials containing 
numerous spore-formers of other species. 


Heart infusion agar (Difco) 40g 
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Thallous acetate 0.04 gq 
Disodium ethylenediaminetetraacetate 

(EDTA) oe ______.0.3g 
Polymyxin 30 000 units 
Lysozyme 0.049 
Deionized water 1 litre 


Dissolve the first three ingredients in the water at 
100°C. Autoclave at 121°C for 15 min. Cool to about 
60°C. Then add the polymyxin and lysozyme in small 
volumes of filter-sterilized solutions. Pour plates and 
dry their surfaces. The pH should be 7.35. Do not 
re-melt the complete medium as the heating would 
destroy the lysozyme. | 

On incubation at 37°C for 24h, colonies develop 
from 30-100% of the B. anthracis spores that would 
grow on unselective heart infusion agar, being smaller 
and smoother than on the latter medium. PLET medium 
inhibits the growth of most strains of B. cereus, B. 
subtilis, other Bacillus species,. enterobacteria and 
pseudomonads. Some strains of B. cereus from soil 
form colonies, but they are smaller than those of 
B. anthracis, minute after 24h and moderately sized 
only after 48 h. 


Phenol-red egg-yolk polymyxin agar 


This medium (Baker et al 1980) is relatively selective 
for B. cereus and used in isolating it from food, faeces 
and vomitus. The colonies are recognized by their 
production of opacity in the egg-yolk in the medium 
and by their pink colouration with phenol red, showing 
their failure to ferment mannitol. 


Peptone 10g 
Meat extract 1g 
Mannito! 10g 
Sodium chloride 10g 
Phenol red 0.025 gq 
Agar 15g 
Egg-yolk emulsion 100 ml 
Polymyxin B sulphate 0.01 g 
Deionized water 1 litre 


Dissolve the first six ingredients in the water with 
mixing and steaming at 100°C. Cool to about 60°C. 
Dispense in 90 mi volumes into bottles and sterilize by 
autoclaving at 121°C for 15 min. The pH should be 7.2 
exactly. When required for use, melt a 90 ml! volume, 
cool to 50°C, add 10m) of egg-yolk emulsion and 
1 mi of aqueous 1% (w/v) polymyxin B sulphate and 
pour plates. 


PEMBA medium for B. cereus 
This medium (Holbrook & Anderson 1980) is recom- 
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mended for the enumeration of 5. cereus in foods. 
Polymyxin is the selective agent, bromothymo! blue 
shows absence of mannitol fermentation, egg-yolk 
demonstrates the strong lecithinase opacity reaction, 
a low peptone content promotes sporulation and 
sodium pyruvate reduces colony size. 


Peptone 1g 
b-mannitol 10g 
MgSQ,.7H,0 0.19 
Na HPO, 2.5g 
KHPO, 0.259 
NaCl | 2g 
Sodium pyruvate 10g 
Polymyxin B sulphate 100 000 units 
Bromothymol blue 0.19 
Egg-yolk emulsion (20%) 50 ml 
Agar 18g 


Deionized water 1 litre 


Adjust the pH to 7.4 before autoclaving. Add sterile 
egg-yolk emulsion and polymyxin solution after the 
medium has been cooled to 50°C and at once pour 
plates. On incubation at 37°C for 24h and standing 
at 22°C for another 24h, B. cereus forms crenated 
blue colonies surrounded by a zone of blue opacity in 
the medium. 


Chloral hydrate agar 


Knisely (1965) described the use of this medium 
containing 0.25% of chloral hydrate for distinguishing 
between strains of B. anthracis, all of which fail to grow 
on it, and strains of B. cereus and B. mycoides, almost 
all of which grow well. 


Heart infusion agar (Difco): autoclave and cool to 
60°C. 

Chloral hydrate: freshly prepare a 10% solution, 
sterilize by filtration and add to the melted heart 
infusion agar to give a final concentration of 
0.25%. 


Prepare an inoculum of bacteria from 24h heart 
infusion agar slants in 10 ml 0.06 M phosphate buffer 
at pH 7.3, and dilute in the same buffer to a concen- 
tration of about 500 bacteria/ml. Spread plates with 
0.1 mi of the dilute suspension and incubate at 37°C 
for 18 h. 


Sensitivity to y-phage 


B. anthracis and only rare isolates of other Bacillus 
species are sensitive to lysis by the phage of 
McCloy (1951, 1958). Spread an inoculum of the strain 
under test on a plate of brain—heart infusion agar and 
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place a loopful of y-phage in the middle. Incubate 
at 37°C and observe for a clear area in the lawn of 
growth. : 


Yeast-extract-ammonium siants 


To ensure best results with strictly aerobic species 
of Bacillus, carbohydrate fermentation tests are best 
done by growth on slants containing ammonium 
phosphate and a small amount of yeast extract. 


(NH,)s2HPO, 1q 

KCl 0.29 

MgSO, 0.2qg 
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Yeast extract 0.2g 
Agar 15g 
Distilled water 1 litre 
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Add them aseptically to tubes of the melted basic 
medium to give a final concentration of 0.5% (w/v) and ~ 
set as slants. 
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Mycobacterium 


B. Watt A. Rayner Gillian Harris 





The genus Mycobacterium comprises the ‘acid-fast 
bacilli’, organisms that share the property of acid- 
fastness, i.e. resistance to decolourization by weak 
mineral acids after staining with one of the arylmethane 
dyes. The name mycobacterium, meaning ‘fungus- 
like bacterium’, is derived from the mould-like 
appearance of Mycobacterium tuberculosis when grow- 
ing in liquid media. The genus comprises over 40 
species, including human and animal pathogens 
and normally saprophytic species. The pathogens 
include the organisms responsible for human and 
bovine tuberculosis and for leprosy. 

It is convenient to divide mycobacteria of clinical 
interest into those associated with tuberculosis — the 
M. tuberculosis complex or MTC (M. tuberculosis, 
M. bovis, BCG, M. africanum and M. micrott) — and 
other mycobacteria that may be assoctated with 
human disease. The latter group have been given 
several collective names — atypical, anonymous, non- 
tuberculous, tuberculoid, opportunist and myco- 
bacteria other than tuberculosis bacilli, the latter 
usually abbreviated to MOTT. We shall use the last 
term in this chapter. M. leprae does not fit into either 
group and will be considered separately. 

Organisms of the M. tuberculosis complex are 
always pathogenic for man and their isolation from 
clinical samples implies infection. Person-to-person 
spread is common, especially with M. tuberculosis; 
infection with M. bovis, a well recognized anmnal 
pathogen, can be acquired zoonotically, via infected 
cow’s milk or from other animals such as deer. 

Many MOTTs are found in the environment 
but they can also colonize man (e.g. in part of a 
previously damaged respiratory tract) and cause 
clinical infection (see below). Their isolation from 
clinical samples has to be interpreted with caution; 
isolation from a single sample on a single occasion 
is unlikely to be significant, except from blood cul- 
tures, and repeat samples should be obtained. Even 
in immunocompromised patients, who may present 
with vague symptoms, isolation of a MOTT on a 


single occasion from a non-blood sample must not 
be assumed to be significant. 

Occasionally, genuine mixed infection with two or 
more species of mycobacteria can occur; cultures 
should be inspected carefully to check for such a 
possibility. 


‘Morphology and staining 


Mycobacteria are complex unicellular organisms 
with a wide range of antigenic determinants. They 
are bacillary or cocco-bacillary and vary from 0.5 to 
10 jtm in length. They are Gram positive but many 
species stain poorly with this stain even after pro- 
longed staining, because of the characteristics of 
the cell wall, which is rich in chemically diverse 
lipids (up to 60% of the cell wall). The thickness of 
the cell wall is due to the presence of long-chain fatty 
acids (mycolic acids) which form a thick palisade. 


Cultural characters 


Many mycobacteria produce carotenoid pigments 
under appropriate conditions. Some organisms pro- 
duce pigment in the dark (scotochromogens) and 
others only on exposure to light (photochromogens). 
Thus, pigment production can be a useful aid to 
identification. 

Mycobacteria vary in their growth requirements. 
Since some, e.g. M. malmoense, may take up to 12 
weeks to produce colonies on egg media, slopes 
of solid media should always be incubated for up 
to 12 weeks before being discarded as negative. By 
contrast, other mycobacteria are ‘rapid growers’, 
showing visible colonies within 5 days, €¢.g. 
M. fortuitum, M. chelonei, M. phlei and M. smegmans. 
Some mycobacteria are extremely fastidious, €.g. 
M. haemophilum has a requirement for haemmin, and 
M. genavense, a recently described species associated 
with HIV-positive patients, has so far been identified 
only by DNA technology (Bétrger et al 1992). 
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Mycobacteria also vary in their temperatre re- 
, quirements. Most human pathogens grow at 37°C 
but some, e.g. M. marinum, M. ulcerans, grow at 
30 but not at 37°C. A few species, e.g. M. phiei, 
M. xenopi, grow at temperatures of 45°C or more. 


Sensitivity to physical and chemical 
agents 


Although mycobacteria can survive for several weeks 
in the dark, especially under moist conditions, and 
for many days in dried sputum on clothing and 
in dust, they are rapidly killed by ultraviolet light 
(including the component in daylight and sunlight), 
even through glass, and by heat (60°C for 15—20 min, 
or by autoclaving). They are susceptible to phenol 
and phenolic derivatives and to glutaraldehyde, 
provided that contact time is adequate, Their in-use 
susceptibility to newer disinfectants, e.g. ‘Virkon’, 
remains to be established. 


Drug sensitivity 


With the exception of the rapid growers, most 
mycobactena are fairly resistant to conventional 
antimicrobials. Accordingly, specific antimycobac- 
terial drugs and treatment regimens have been devel- 
oped. Because of the possibility of drug resistance, 
tuberculosis is usually treated with a combination of 
three or four antimycobacterial drugs. These include 
streptomycin, rifampicin, isoniazid, ethambutol 
and pyrazinamide. New quinolone compounds and 
macrolides show promise in the treatment of some 
mycobacterial infections. 


Animal pathogenicity | 


M. tuberculosis and M. bovis are both pathogenic 
to laboratory animals, especially the guinea-pig. 
Inocula of as few as 10 bacilli can cause infection 
(Laidlaw 1989), with death of the guinea-pig in 6-15 
weeks, Guinea-pig inoculation was formerly used 
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extensively for the diagnosis of tuberculosis, but 
this has been largely superseded by more sensitive 
modern techniques, and it is very rarely used nowa- 
days. Other mycobacteria are less pathogenic -for 
laboratory animals, but mice are sometimes used 
for evaluation of new compounds, especially against 
M. avium infections. 


Identification 


Definitive identification procedures for mycobacteria 
should be performed only in an established reference 


centre and are not, therefore, covered in detail in this 


chapter. 

A culture of mycobacteria can often be presump- 
tively differentiated into either the MTC or MOTT 
group by experienced workers on the evidence of 
a Ziehl—-Neelsen-stained smear and colonial mor- 
phology. Sensitivity to p-nitro benzoic acid (PNB) 
or NAP (p-nitro-c-acetylamino-B-hydroxy-propio- 
phenone) also gives a presumptive identification of 
a culture as belonging to the MTC. 

Definitive identification within the MTC can 
usually be performed within 2 weeks and relies on 
colonial morphology on glycerol and pyruvate egg 
media, niacin production, sensitivity to pyrazina- 
mide, and oxygen preference (see Table 18.1). Some 
workers also use sensitivity to thiophene-2-carboxylic 
acid hydrazide (T'CH) as a criterion. 

Differentiation within the MOTT group is a 
more lengthy process that can take up to 6 weeks. 
Marks (1976) described a simple battery of tests: 
temperature preference, pigment production, oxygen 
preference and the ability to hydrolyse Tween. This 
identifies all the MOTT to group level and some to 
species level and is usually adequate for the clinician. 
Another scheme described by Pattyn & Portaels 
(1972) uses a two-stage approach in which the 
organism is initially differentiated into one of two 
subgroups, rapid growers and slow growers. This 
is followed by the inoculation of the appropriate 
battery of tests for each subgroup (a combination of 
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Species Glycerol pivhiwede Niacin Pyrazinamide Oxygen Pathogenicity 
enhanced enhanced production sensitivity preference 
M. tuberculosis Yes Yes Yes Sensitive Aerobic P 
M. bovis No Yes No Resistant Micro P 
M. africanum No Yes Variable Sensitive Micro P 
M. microti Variable Yes Yes Sensitive Aerobic N 
BCG Yes Yes No Resistant Aerobic @) 
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biochernical tests, including carbohydrate fermenta- 
tion tests, pigment production and temperature pref- 
erence tests). Each battery may contain up to 
16 tests, making the scheme time-consuming and 
complex, but it does identify MOTT to species level. 

The advent of DNA technology has produced a 
series of specific DNA probes that can be used to 
identify individual species or groups directly from 
cultures, although ‘probe-negative’ strains of M. 
avium are encountered. So far, such probes have not 
been developed for routine use with clinical samples. 
Detection and identification of mycobacteria by 


~~ gene amplification techniques is still a research tool 


but should be made available commercially within 
the next few years. For more information on modern 
methods, the reader is referred to the recent reviews 
by Watt et al (1993) and Hawkey (1994). 


Health and safety considerations 


Detailed advice on safety in microbiological labor- 
atories is given in Chapter 3. Specific considerations 
in relation to mycobacteria are stressed here as M. 
tuberculosis, M. bovis and M. africanum are established 
human pathogens and pose a recognized risk to 
laboratory staff handling cultures or clinical samples 
containing them, especially from aerosol] formation 
resulting in airborne infection. It has been appreci- 
ated since the early 1950s that laboratory workers 
are at increased risk of contracting tuberculosis, with 
estimates of risk from 2 to 5 times that of the gen- 
eral population (Reid 1957, Harrington & Shannon 
1976). Laboratories handling clinical samples or 
pure cultures of these organisms must follow careful 
procedures to prevent laboratory-acquired infection. 
These include: 


1. Careful attention to good laboratory practice. 

2. Proper containment facilities that protect the 
operator from airborne infection while containing 
any released organisms within a safety cabinet. 

3. Prevention of unauthorized access to laboratory 
areas where cultures or potentially infected clinical 
samples are being processed. 

4. Proper screening and protection of laboratory 
medical and technical staff. 


Good laboratory practice 


Inhalation of aerosols is the most likely route of 
infection and therefore great care must be used to 
minimize aerosol production. In particular, speci- 
mens and cultures should be handled gently, never 
vigorously. All manipulations of specimens or cul- 


tures should take place inside an exhaust protective 
cabinet which has been properly installed and tested 
(Clark 1983), 

The last drop of fluid in a pipette should not 
be expelled as this will certainly cause a bubble to 
form which, when it bursts, will release aerosols. 

As flaming of loops in an ordinary Bunsen burner 
causes splattering. which releases aerosols, hooded 
Bunsens should be used, or preferably disposable 
plastic loops which do not require flaming. It is 
important to realize that aerosols are also produced 
when a film of moisture is broken, as may occur 
when a screw cap is released or two microscope slides 
are separated. 

Centrifuges should be fitted with sealed buckets 
to prevent aerosol release into the atmosphere if a 
tube should break or leak during centrifugation. 
Similarly, tissue homogenizers should have seals to 
prevent the release of aerosols. Griffiths tubes, when 
used for homogenization, should have sufficient fluid 
in them to prevent the formation of bubbles, i.e. the 
fluid level should be above the narrow part of the 
tube. 

Infection of laboratory workers with M. tuberculosis 
can also occur by ingestion or injection. Such risks 
can be avoided by normal good laboratory practice 
that includes proper handwashing before leaving the 
laboratory, the prohibition of eating, drinking and 
smoking within the laboratory, avoidance of putting 
objects such as pencils or pens in the mouth and the 
replacement of glass pasteur pipettes by plastic 
ones. Extra care must be taken when syringes and 
needies are used, e.g. to sample from or inoculate 
Bactec vials. 


Containment 


In the UK a Code of Practice for the Prevention 
of Infection in Clinical Laboratories was published 
by the Department of Health and Social Security 
in 1978 and updated in 1991 (HMSO 1991). M. 
tuberculosis and some of the other mycobacteria are 
classified as Hazard Group 3 organisms and in the 
UK must be handled in a Containment Level 3 
Laboratory. This should be separate from the rest of 
the laboratory and its design and layout are important 
factors in preventing laboratory-acquired infection 
but the skill and training of the laboratory workers 
is still the primary defence against infection. In the 
UK, guidelines for handling potentially infected 
samples and for handling cultures are contained in 
the documents Safe Working and Prevention of 
Infection in Clinical Laboratories (HMSO 1991) 
and The Categorisation of Pathogens According to 
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Hazard and Categories of Containment (HMSO 
1990). 


Decontamination of laboratory waste 


All waste from a Containment Level 3 Laboratory 


rnust be autoclaved so that the centre of the load is 


held at 121°C for at least 20 min. The term waste 
includes everything discarded from the laboratory, 
including discard pots for decanted supernatants 
and paper towels used to dry hands, It is essential that 
the waste is transported and autoclaved by suitably 
trained staff. | 


Disinfection of mycobacteria from 
surfaces 


Chlorine-based disinfectants generally are not suitable 
for mycobacteria; they also attack metal equipment 
such as centrifuges and safety cabinets. Phenolic 
disinfectants work well against mycobacteria, but 
require a stronger concentration than would be used 
against other organisms and produce a strong odour 
which clings to clothing, Phenols such as Hycolin are 
useful at 5% final concentration in discard flasks for 
supernatant fluids (see Collins et al 1985, Lind et al 
1986, Van Klingeren & Pullen 1987). Virkon has not 
been proven to be effective against mycobacteria in 
practice. Formaldehyde gas is effective, but it 
is dangerous and is not suitable for routine use, 
except perhaps for once weekly disinfection of safety 


cabinets, and for fumigation of rooms after a major - 


spillage. The most active and useful disinfectant for 
use in spillages and routine end of day wiping of 
benches, etc., is 70% alcohol. This is efficient, clean 
and leaves the surface free of any deposit. 

For centrifuge buckets, it is best not to use 
chemical disinfectants, if possible, but to steam the 
buckets at 100°C for 30 min if contaminated, and 
once a week routinely. 


Collection of specimens 


Specimens should be sent promptly to the laboratory 
to avoid being overgrown with organisms other than 
mycobacteria. If delay is unavoidable, specimens 
should be stored in the refrigerator. Specimens sent 
through the post in warm weather should be packed 
in dry ice or with an ice pack. The container and 
packaging must comply with local postal regulations 
which, in general, require that specimens must be 
in strong leak-proof containers, wrapped in sufficient 
absorbent material to soak up all the specimen should 
the container break, and held within a robust outer 
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box of cardboard, plastic or metal. If cultures are 
sent by post, the water of condensation should be 
removed from the vial to minimize contamination 
in the event of leakage, and the receiving laboratory 
should be notified of the impending arrival of the 
culture. 


Containers 


Containers should be strong and leak-proof. Rubber 
cap liners, if used, should be of black rubber as 
red rubber can be bactericidal. The most useful con- 
tainer is the sterile plastic universal container which 
is suitable for sputum, pus, bronchial washings, 
tissues, faeces, etc. 


Sample collection 


Sputum samples should not be saliva but should 
be coughed up from the lungs. Three or more con- 
secutive samples should be examined, collected first 
thing in the morning if possible. 

For suspected urinary tract infection, three 
consecutive Early Morning Urine (EMU) samples 
should be collected (the whole sample should be 
sent). 

Pus collected into a universal container or into a 
syringe should be sent in preference to swabs, as this 
will increase the possibility of successful isolation 
of mycobacteria. A swab should be used only if the 
amount of pus is very small; in such cases it is often 
possible to undertake only culture, as there may be 
insufficient material for both microscopy and culture. 

Aspirates such as pleural and ascitic fluids which 


are liable to clot should be collected in containers 


containing an anticoagulant such as tri-sodium 
citrate. As the mycobacteria in these fluids tend to be 
in very small numbers, as much fluid as possible 
should be sent for examination. Samples of cere- 
brospinal fluid should be sent in sterile plastic 
containers without anticoagulant. 

Tissue samples should be sent in sterile universal 
containers or larger plastic or glass containers. 
Formalin or other fixatives must mever be added if 
microbiological investigation is intended. 


LABORATORY DIAGNOSIS 


Microscopy 


In 1882 Ehrlich discovered that mycobacteria stained 
with fuchsin (in the presence of aniline oil as a mor- 


dant) resist decolourization by mineral acids. In the... 
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same year, Zieh! changed the mordant to carbolic 
acid, and in 1883 Neelsen increased the concentra- 
tion of carbolic acid and incorporated it with the 
dye to form carbol-fuchsin (see Bishop & Neumann 
1970). Thus the standard stain for demonstrating 
acid-fastness was formulated — the Ziehl—Neelsen 
(ZN) stain. Many modifications have been described 
but all basically use carbol-fuchsin to stain the 
organisms and mineral acids to decolourize the back- 
ground. The background is then counterstained with 
another dye such as malachite green or methylene 
blue to give red acid-fast bacilli against a green or 
blue background. Some methods also use alcohol 
for decolourization; this gives a cleaner slide but it is 
important to realize that not all mycobacteria are 
alcohol-fast. 

The standard ZN staining method* requires heat- 
ing the carbol-fuchsin-covered slide with a flaming 
torch for several minutes without boiling. Kinyoun’s 


. modification (Chadwick 1982) uses a higher con- 


centration of carbol-fuchsin and does not require a 
heating step. Fluorescent dyes such as the auramine— 
phenol (AP) stain* work in exactly the same way as 
the ZN stain but produce brightly fluorescing bacilli 
against a dark background. This technique is less 
stressful on the operator’s eyes but, as it is less 
specific, all positives should be checked with the 
ZN stain. This can be done by removing the oil from 
the slide and overstaining by ZN, or preferably by 
staining a new smear. It should be noted that heat 
fixing of smears in the Bunsen flame does not kill 
tubercle bacilli (Allen 1981). Thus, care should be 
taken with heat-fixed smears, until they are stained 
with ZN, AP, Gram or Leishman stains, which 
inactivate any mycobacteria present. If there is to be 
a delay between smear preparation and staining, 
the slides must be treated by exposure to a suitable 
disinfectant, e.g. 10% formol saline. 


Isolation of mycobacteria from clinical 
samples 


Recovery of mycobacteria from clinical samples is 
a more time consuming procedure than for normal 
pathogenic bacteria, requiring as it does the following 
steps: homogenization, decontamination, centrifuga- 
tion, neutralization, inoculation of culture media, 
and incubation for up to 12 weeks with regular 
examination of cultures. The homogenization and 
decontamination stages vary, depending on the type 
of sarnple;* the remaining stages are the same. 


* Refer to Methods at the end of this chapter. 


MYCOBACTERIUM 


Homogenization 


Homogenization of clinical samples is essential to 
release the mycobacteria from the body fluid or 
tissue in which they are contained. Tissues require 
mechanical homogenization* before decontamina- 
tion.* For other samples, homogenization and de- 
contamination can be combined in one operation. 
Some workers use N-acetyl-L-cystine as a mucolytic 
agent to assist liquefaction of sputum samples. 


Decontamination 


Many samples for mycobacterial culture will be 
heavily ‘contaminated’ with commensal flora. It is 
important to remove these, as they may grow more 
rapidiy than the mycobacteria and overgrow the 
culture. Destruction of contaminants is dependent 
on exposure of the sample to a chemical that will 
selectively kill them without inhibiting the growth of 
mycobacteria. Most decontamination procedures use 
either acids such as sulphuric, hydrochloric or oxalic 
acids or alkalis (sodium hydroxide or tri-sodium 
phosphate). As all decontaminants have some inhi- 
bitory effect on mycobacteria, a balance has to be 
struck between effective decontamination and reli- 
able isolation. A contamination rate of 2—5% Is the 
lowest rate consistent with allowing reliable growth 
of mycobacteria. Acids give lower contamination 
rates than alkalis but are also more inhibitory to 
mycobacteria and therefore give lower isolation rates. 

We find 4% sodium hydroxide to be a useful de- 
contaminating agent for sputa, biopsies, body fluids, 
etc., followed by neutralization with 14% potassium 
dihydrogen orthophosphate buffer with phenol red 
indicator. Oxalic acid (3%) is useful for specimens 
contaminated with Gram-negative bacteria.* Details 
are given in Table 18.2. 


Culture of mycobacteria 


The solid media‘ most often used for isolation of 
mycobacteria are based on egg with a buffered salt 
solution and either glycerol or sodium pyruvate. A 
glycerol-containing medium such as Lowenstein— 
Jensen medium or a modification of it (International 
Union against Tuberculosis 1955)* is the standard 
medium for mycobacteria. Pyruvate-containing me- 
dia* give enhanced growth with some mycobacteria, 
notably M. bovis, and normally both types of media 
are inoculated in parallel. Other media available 
include Middlebrook’s 7H10 and 7H11 agar media 
and Middlebrook’s 7H9 broth medium,* more 
often used for sensitivity testing than for isolation. 
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Liquid media such as Kirchner* or Dubos* media are 
useful as enrichment media. In order .to prevent 
overgrowth by contaminants, it is normal to add 
selective agents to liquid media inoculated with 
potentially contaminated samples. This normally 
takes the form of a cocktail of antibiotics such as poly- 
myxin, amphotericin, nalidixic acid, trimethoprim 
and azlocillin (PANTA), supplied as a vial ready 
for reconstitution by Becton Dickinson. PANTA has 
replaced the PACT cocktail (polymyxin, amphoter- 
icin, carbenicillin and trimethoprim) as the carbeni- 
cillin was found to inhibit some mycobacteria. 
Cultures are normally incubated at 35—37°C in the 
dark for 12 weeks. Incubation at other temperatures, 
e.g. 30 or 45°C, is sometimes required. 

In recent years, isolation of mycobacteria from 
clinical samples has been improved by newer tech- 
niques, notably radiometric respirometry. This is 
usually by means of the Bactec radiometric tech- 
nique, using the Bactec 460 TB instrument (Becton 
Dickinson). The procedure utilizes vials containing 
a “C-labelled palmitic acid substrate which during 
microbial growth releases '*CO, into the atmosphere 
above the medium. The “CO, is detected by the 
instrument and converted proportionally to a quan- 
titative Growth Index (GJ) on a scale of 0-999, For 
mycobacterial isolation the vial is inoculated with 
a specimen which has been decontaminated, con- 
centrated and neutralized. An antibiotic cocktail 
(PANTA) is also added. The vial is incubated and 
read at regular intervals on the instrument. A vial 
giving a positive GI (> 50) is checked by AP and ZN 
smears to determine the presence of acid-fast bacilli. 
A blood agar is also inoculated to check for any 
non-mycobacterial contaminants. In our hands this 
’ method allows a mean isolation time for all mycobac- 
teria of about 12 days as opposed to 26 days or more 
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on conventional egg media culture (Watt et al 1993). 
Note that normally slow-growing mycobacteria such 


_as M. malmoense will grow as quickly as M. tuberculosis 


in this system. 


Sensitivity testing 


Sensitivity testing is normally performed in reference 
laboratories and is covered only briefly here. The two 
most common conventional methods for sensitivity 
testing are the traditional resistance ratio method and 
the 1% proportional method. | 

The resistance ratio method is performed either on 
solid media (egg or Middlebrook agar) or in liquid 
media (Middlebrook or Dubos broth). The mini- 
mum inhibitory concentration (MIC) for a test strain 
is compared with the modal MIC of control strains 
to a given antibiotic and the resistance ratio is ex- 
pressed as: MIC for test strain/modal MIC of control 
strains. A ratio of 4 or more for a test strain indicates 
resistance to a given antibiotic. 

The 1% proportional method is a quantitative test, 
in which degrees of growth in antibiotic-containing 
media and antibiotic-free media are compared. The 
growth of more than 1% of the inoculum on anti- 
biouc-containing medium when compared with an 
antibiotic-free control is taken to indicate resistance 
to that concentration of antibiotic. This method can 
be used to determine antibiotic MICs or breakpoint 
sensitivities. It cannot be performed in liquid media 
because It 1s a quantitative test, except in the case 
of the Bactec, where quantification of growth is 
possible. 

Results are available 3-4 weeks after inoculation 
from a standardized inoculum giving approximately 
10° cfu/ml. Cultures are examined ‘for growth at 2, 
3 and 4 weeks. Since a heavy growth of the test 
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organism is necessary to produce the inoculum, the 
test can take up to 6 weeks. Incubation is at 37°C 
unless the species requires a different temperature. 

Other methods used include the absolute concentra- 
tion method (used in the USA and parts of Europe) 
to determine test strain MICs. The tests are usually 
performed on Middlebrook’s 7H10 medium. As the 
concentration of drug in the media Is critical, media 
that are heated after addition of the drug, such as 
egg media, are unsuitable. 

Disc diffusion sensitivities are possible if the myco- 
bacterium is 4 ‘rapid grower’ (see below). Agar plates 
are flood-seeded with the test organism, antibiotic 
discs are applied and the plate is then placed in a 
sealed bag and incubated at the appropriate tempera- 
ture for up to 3 days. The zone size is then recorded 
and the results reported. If the organism takes longer 
than 3 days to grow the results may be invalid on 
account of diffusion of the drug out of the disc. 

More recently, the Bactec 460 TB instrument (see 
above) has allowed sensitivity test results to be pro- 
duced in 1—2 weeks using a method based on the 
1% proportional method. This has greatly reduced 
the time taken for sensitivity testing. A radiometric 
method also facilitates testing of drug combinations, 
by using single concentrations of the test agents, 
without the need for checkerboard titrations. 


MYCOBACTERIUM TUBERCULOSIS 
COMPLEX 


Organisms in this group may show classical] ‘cording’ 
(the bacilli lie parallel to each other) on ZN-stained 
smears, usually showing as slightly curved bacilli 
which clump together. Differential features are listed 
in Table 18.1. 


M. tuberculosis 


M. tuberculosis gives eugonic (rough, tough and buff) 
growth on glycerol and pyruvate egg. The niacin test 
is positive. It is an aerobe that grows only at 37°C 
and is usually sensitive to standard antimycobacterial 
therapy. 


M. bovis 


Responsible for bovine tuberculosis but also patho- 
genic to humans. Growth is enhanced by sodium 
pyruvate in culture media, giving eugonic colonies 
rather than the dysgonic (small smooth colonies) 
appearance on glycerol egg. It is microaerophilic, 


the niacin test is negative and it is resistant to 
pyrazinamide. 


M. africanum 


This is an African variant of M. tuberculosis with the 
same appearance as M. bovis on egg media. It is also 


‘microaerophilic. A weak niacin test and sensitivity 


to pyrazinamide differentiate it from M. bovts. 


M. microti 


This is the vole tubercle bacillus. Colonial appear- 
ance is usually similar to M. tuberculosis but, like 
M. bovis, it may show dysgonic growth on glycerol 
egg media. It produces niacin. Like M. tuberculosis 
it is aerobic. It is very rarely isolated from human 
specimens. 


BCG (bacille Calmette-Guerin) 


BCG is an attenuated strain of M. bovis used for 
vaccination. Local infection around vaccination sites 
and in draining lymph nodes can occur. The colonial 
appearance is very similar to M. tuberculosis but it 
is pyrazinamide resistant. A clear clinical history 
allows rapid identification of this organism. 


MYCOBACTERIUM AVIUM COMPLEX 


The M. avium complex (MAC) comprises a group 
of slow-growing mycobacteria which can cause 
pulmonary disease in elderly patients, disseminated 
disease in HIV-infected patients, and localized infec- 
tion (notably cervical adenitis) in children. The 
complex includes M. avium, M. tntracellulare and M. 
scrofulaceum. Their microscopic appearance is typl- 
cally of easily emulsified and deeply staining acid- 
fast small cocco-bacilli which may show beading, 
although long bacilli occur in some strains. Their 
inability to hydrolyse Tween is a key test in differen- 
tiating these organisms from the Terrae group of 
mycobacteria. Although slow growing on egg media, 
growth in Bactec vials is characteristically rapid. 
Growth on egg media is dysgonic and some strains 
may produce a yellow-orange pigment. 

Note that there is considerable debate at present 
about the taxonomy of MAC and M. paratuberculosis, 
because of the genetic relatedness of these organisms. 
The development of more specific DNA probes 
should clarify the situation. M. pararuberculosis is the 
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causative organism of Johne’s disease in ruminants, 
e.g. cattle and deer, and has been implicated in the 
pathogenesis of Crohn’s disease in man, although 
its role is not yet defined. It is exceptionally slow 
growing and requires a medium supplemented 
with mycobactin, an iron-chelating compound pro- 
duced by most mycobacterial species but not 
M. paratuberculosts. 


OTHER SLOW GROWING 
MYCOBACTERIA 


M. kansasii 


M. kansasii is a photochromogen, producing a yellow 
to orange pigment. If not exposed to light, the colo- 
nial appearance on egg media is very similar to that 
of M. tuberculosis. When stained by the ZN method 
they typically present as clumping, deeply stained, 
long beaded bacilli. M. kansas is found in the 
environment, e.g. in water, but can cause infection of 
previously damaged lungs, or produce generalized 
infection in HIV-positive patients. 


M. malmoense 


This organism was first associated with human 
disease in 1979 (Jenkins & Tsukamura 1979). It 
can cause pulmonary disease (usually in previously 
damaged or diseased lungs) and cervical adenitis. 
Rarely it can cause an aggressive disease similar to 
tuberculosis in previously healthy hings. The organ- 
ism grows very slowly on egg media at 37°C, taking 
up to 12 weeks. It grows as small white smooth colo- 
nies. Growth in the Bactec is more rapid. Final iden- 
tification is by thin-layer chromotographic analysis 
of lipids. 


Mi. marinum (‘M. balnei’) 


This organism will grow only at 30°C on primary 
culture but will grow at 37°C on subculture. It ts 
a photochromogen, producing a yellow-orange pig- 
ment. ZN microscopy shows small to medium-sized 
darkly stained non-clumped bacilli. The organism 
causes ‘fish tank granuloma’ and ‘swimming pool 
granuloma’ — localized chronic ulcers that develop 
when the organism enters broken skin during fish 
tank cleaning or swimmung in infected water. The 
species is resistant to isoniazid and pyrazinamide 
with varying sensitivity to other antimycobacterial 
drugs, 
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M. ulcerans (‘M. buruli’) 


Like M. marinum, this species will grow only at 
30°C-on initial isolation but-grows slowly and will 
not adapt to other temperatures on subculture. It 
causes progressive ulcerating skin lesions mainly in 
tropical regions. In Africa such lesions are called 
Buruli ulcers. 


M. xenopi 


M. xenopi is a common contaminant of water supplies 
in the south of England, but is found less frequently 
elsewhere. It can cause human disease, but its 
isolation on a single occasion must be treated with 
caution. Its appearance in the ZN stain is charac- 
teristic — very long, curved, poorly staining bacilli 
with beading. On culture it produces dysgonic 


‘growth and is faintly scotochromic after prolonged 


incubation. Its preferred incubation temperature 
is 45°C. 


M. gordonae 


A slow-growing scotochromogen, commonly found 
as a water contaminant but occasionally pathogenic, 
this organism grows at 25 and at 37°C but not at 
45°C. It is resistant to isoniazid and pyrazinamide, 
but sensitive to most other antimycobacterial agents. 
Staining by ZN shows darkly staining, straight-edged 
bacilli. 


RAPIDLY GROWING MYCOBACTERIA 


These organisms are acid-fast, but are sometimes 
not acid- and alcohol-fast when stained by ZN. 


M. fortuitum 


A non-chromogenic organism resistant to many 
antimycobacterial agents. Jt has a preference for 
37°C but will grow at 25°C. It is a soil organism 
and is found as a culture contaminant but has been 
associated with self-limiting infections such as joint 
abscesses. Secondary pulmonary infection has also 
been reported. 


M. chelonei 


A non-chromogen, growing best at 25°C. Multi- 
resistance to antimycobacterial drugs is usual. It is 
an opportunist pathogen, sometimes associated with 
wound infections. 
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M. flavescens 


This scotochromogen grows best at 25°C. It is found 
in soil and water and is rarely pathogenic but can 
contaminate clinical samples. 


M. smegmatis—phlei group 


These rapidly-growing organisms are rarely isolated 
and are not normally associated with human disease. 
They grow at 25, 37 and 45°C. They are occasionally 
isolated from human urine but appear to have no 
clinical significance. 


MYCOBACTERIUM LEPRAE 


M. leprae was first observed microscopically by 
Hansen in 1897, in tissue from a leprosy patient, and 
subsequent studies have confirmed that it is the 
organism responsible for human leprosy. Leprosy 
is a chronic granulomatous disease that affects at 
least 12 million people world-wide, with considerable 
resultant deformity and disability (Nordeen 1993). 
‘The disease can take a vanety of clinical forms, rang- 
ing from tuberculoid leprosy, a localized form affecting 
mainly the skin, occurring in partially immune 
patients, to lepromatous leprosy, a generalized form, 
with widespread tissue destruction, occurring in 
non-immune patients. 

In spite of the efforts of many workers, the organ- 
ism has not yet been cultured in artificial media. 
‘The only methods of replicating the organism are by 
injecting leprous material either into the foot pads 
of mice (useful for assessing anti-leprosy drugs) or 
into the armadillo, where it causes a generalized 
infection, allowing production of large numbers of 
organisms. 

Laboratory diagnosis is by microscopic examina- 
tion of smears stained by a modified ZN stain in 
which 5% H.,SO, is used as the decolourizer, as 
M. leprae is in general less acid-fast than other 
mycobacteria. (If other mycobacterial infections are 
suspected, microscopic examination should be of 
parallel smears, one stained with the standard ZN 
method and the other by the modified method using 
the weaker decolourizer.) Smears can be made from 
any ulcerated nodule on the skin and from non- 
ulcerated nodules by incising with a scalpel and 
expressing the fluid on to a slide. In addition, smears 
from the nasal mucosa should always be made, as 
these may be positive when skin lesions are not 
clinically apparent. Smears usually show a mixture of 
well stamed and poorly staining bacilli. On the basis 
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that the latter are non-viable, the morphological 
index or MI (i.e. the percentage of well-staining 
or viable cells) has been used to monitor treatment 
(Waters 1993). A decreasing MI implies successful 
treatment. 


METHODS 
Decontamination 
Some guidelines for decontamination are given in 
Table 18.2. | 

After treatment with the appropriate decontaminating 
agent for the specified time {See beiow} the specimen 
is centrifuged to concentrate the mycobacteria and it 
is then neutralized before inoculating the culture media. 
Some methods neutralize before centrifugation and 
some use acid egg media slopes afier treatment with 
sodium hydroxide so that no neutralization is required. 

Specimens that are usually sterile (such as CSF and 
bone marrow) should, after centrifugation to concen- 
trate them, be inoculated directly on to culture media 
without decontamination in order to maximize the 
rate of isolation. Note that pleural fluids are usually 
inoculated on to culture media both with and without 
decontamination. 


Decontamination with 4% sodium hydroxide 
(aqueous solution) 


To the specimen in a plastic universal container add 
sufficient 4% sodium hydroxide to almost fill the con- 
tainer. Shake intermittently to homogenize the speci- 
men and allow the decontaminating chemical to work. 
Homogenization should be attained by half way 
through the decontaminating time, i.e. after 15 min fora 
30 min treatment (see Table 18.2 for decontamination 
times). 

After the allotted treatment time, centrifuge the 
specimen at 1500-2000 g for 20 min. Decani the 
supernatant into a flask of disinfectant (such as Hycolin 
5%) taking care not to touch the top of the flask with 
the universal. 

Neutralize the alkali with phosphate buffer (colour 
change red to orange/yellow). Inoculate a Bactec vial 
(if required) with up to 0.5 mi of neutralized specimen. 
Inoculate on to a suitable glycerol egg medium slope 
and a sodium pyruvate egg slope. 


Decontamination with 3% oxalic acid 


Decontamination with 3% oxalic acid, followed by 
neutralization with 2% sodium hydroxide, is useful 
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for decontamination of faecal samples, urines, sputa 
from cystic fibrosis patients, post-mortem samples and 
_any_ other specimens where heavy contamination with 
Gram-negative aerobes is considered likely. 

Proceed as for the sodium hydroxide method, replac- 
ing the sodium hydroxide with the oxalic acid and using 
2% sodium hydroxide as a neutralizing solution (colour 
change yellow to orange/req). 


Homogenization of tissue samples 


Tissue samples should be processed as follows (all 
procedures to take place inside a class 1 exhaust cabinet 
except centrifugation, which requires sealed buckets): 


1. Using sterile forceps, scalpel and dish, cut any 
suspect areas of the tissue into small pieces. 

2. Transfer a few pieces to a homogenizer tube and 
add 3-5 ml of sterile distilled water. | 

3. Homogenize and pour into a plastic universal 
container. | | 

4. Repeat steps 2 and 3 until all the pieces have 
been homogenized. 

5. Finally wash out the homogenizer tubes with 
Sterile distilled water and add to the rest of the 
homogenized specimen. 

6. Centrifuge at 1500-2000 g for 20 min. 

7. Pour off supernatant into disinfectant. 

8. If sufficient, split the deposit and store some in the 
freezer. 

9. Make a smear, air dry, and fix the slide before 
Siaining by auramine—phenol and/or Ziehi-Neelsen 
methods. 


The sample is now ready for decontamination. All 
implements used must be boiled for 30 min to sterilize. 
The homogenizer blade and tube should be washed, 
dried and then re-sterilized for the next sample by 
autoclaving at 121°C for 20 min. 


Homogenization of fluids and aspirates 


Fluids and aspirates should be processed as follows 
(all procedures to take place inside a class 1 exhaust 
cabinet except centrifugation, which requires sealed 
buckets): . 


1. Transfer 3—5 ml of specimen, including the clot 
or clots, to a homogenizer tube or Griffiths tube. 

2. Homogenize until all of the clot is broken down. 

3. Pour into a plastic universal container. 

4. Centrifuge at 1500-2000 g for 20 min. 

5. Pour off supernatant into disinfectant. 

6. Make a smear, air dry, and fix the slide before 
staining by auramine—phenol and/or Ziehl—-Neelsen 
methods. 
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The sample is now ready for decontamination. All im- 
plements used must be boiled for 30 min to sterilize, 
washed, dried and then re-sterilized for the next sample 
by autoclaving at 121°C for 20 min. 


Ziehl—Neelsen stain 


Note. The appropriate precautions must be taken when 
handling acids and other harmful chemicals, e.g. wear 
gloves, eye protection and protective clothing and use 
a fume cupboard when handling fuming reagents such 
as concentrated hydrochloric acid. 


Carbol fuchsin for the ZN stain 


Concentrated carbol fuchsin 
(Pro-Lab PL8005) 
Distilled water 


100 ml 
900 mI 


1. Add the carbol fuchsin to the water in a 


- Winchester bottle. 


2. Mix. 3 
3. Before use filter through a Whatman No. 1 filter 
paper into the in-use flask. 


3% Acid alcohol for decolourizing ZN stain 


Concentrated hydrochloric acid 
(BDH 28507) 75 ml 

Spirit, methylated industrial 
(BDH 30244) 


1. Pour the methylated spirit into the flask. 

2. Place the flask in 2-3 inches (5-8 cm) of water 
in the sink. 

3. Add the hydrochloric acid; leave for 10 min. 

4. Decant into a jabelled Winchester bottle. 


2425 ml 


20% Sulphuric acid for decolourizing ZN stain 


500 ml 
2 litres 


Concentrated sulphuric acid 
Distilled water 


1. Pour the water into the flask. 

2. Place the flask in.the sink in 2~3 inches (5-8 cm) 
of cold water. 

3. Add the acid over 10-15 min in three separate 
lots. 

4. When cool decant into a labelled Winchester 
bottle. 


Malachite green — ZN counterstain 


Stock solution 
Malachite green (BDH 34045) 5g 
Distilled water 500 ml 
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Add the dye to the water in a bottle. Shake to 
dissolve. 


Working solution 
1% stock solution 40 ml 
Distilled water 360 mij 


This is made up fresh when required. 


Staining procedure 


1. Place heat-fixed smear(s) on a staining rack. 

2. Filter carbol fuchsin on to the slide(s) through a 
Whatman No. 1 filter paper. 

3. Soak a cotton-wool swab attached to a wire in 
methylated spirits. 

4. |\gnite the swab in the Bunsen flame and use to 
heat the slide(s) without boiling so that they steam. 
Leave for 3 min. 

5. Repeat steps 3 and 4. 

6. Gently wash with tap water. 

7. Decolourize with 3% acid alcohol for 3 min. 

8. Gently wash with tap water. 

9. Decolourize with 20% sulphuric acid for 5 min. 

10. Gently wash with tap water. 
11. Repeat steps 9 and 10. 
12. Counterstain with malachite green for 30 seconds. 
13. Gently wash with tap water. 
14. Dry slide(s) in air (a heated slide drier may be 


Auramine—phenoi stain 


Auramine—phenol 


Concentrated auramine pheno! 
(Pro-Lab PL8008)_s 100 ml 
Distilled water 900 ml 


1. Add the auramine phenol to the waier in a flask. 

2. Mix, place at 37°C overnight to dissolve. 

3. Filter through a Whatman No. 1 filter paper into a 
Winchester bottle. 

4. Before use filter through a Whatman No. 1 filter 
paper into the in-use bottle. 


1% Acid alcohol 
Concentrated hydrochioric acid 
(BDH 28507) 20 ml 
* Spirit, methylated industrial 
(BDH 30244) 1980 ml 


1. Pour the methylated spirit into the flask. 
2. Place the flask in 2-3 inches (5-8 cm) of water in 
the sink. 
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3. Add the hydrochloric acid; leave for 10 min. 
4. Decant into a labelled Winchester bottle. 


0.1% Potassium permanganate 


Potassium permanganate (BDH 29644) 29 
Distilled water 2 litres 


Add the potassium permanganate to the water and 
shake to dissolve. 


Staining procedure 


. Place the heat-fixed smear(s) on a staining rack. 
. Cover with auramine phenol for 10 min. 
. Gently wash with running tap water. 
. Decolourize with 1% acid aicohol for 5 min. 
. Gently wash with running tap water. 
. Counterstain with 0.1% potassium permanganate 
for 15 seconds. 
7. Gently wash with running tap water. 
8. Dry in air (a heated slide drier may be used). 
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international Union against Tuberculosis 
(1UT) medium (1955) 


This is a modification of the original Lowenstein— 
Jensen glycerol-egg medium. 


Buffer salt solution 


Potassium dihydrogen orthophosphate, 


KH2PO, 28g 
Disodium hydrogen orthophosphate, 

Na,HPO,.2H.O0 16g 
Magnesium sulphate, MgSO,.7H.O 1.69 
Citric acid 12Qg 
L-Asparagine 40q 
Glycerol 80 ml 


Distilled water 4 litres 


Add the reagents one at a time, dissolving between 
each addition. Dispense in 400ml amounis and 
sterilize in the autoclave at 110°C for 10 min. | 


Complete medium 


Buffer salt soiution 1200 ml 
Whole egg 2000 mi 
1% Malachite green 80 ml 


scramble the eggs using a mixer and add the other 
reagents. The pH of the complete medium is pH 6.95. 
Dispense in 3.5m! amounts in thin glass universal 
containers. Inspissate containers horizontally at 85°C 
for 1h to form a solid slope. 
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Pyruvate egg medium 


Buffer salt solution 
Potassium dihydrogen orthophosphate, 
KH,PO, 289 
Disodium hydrogen orthophosphate, 
Sodium pyruvate 50g 
Citric acid 129g 
Distilled water 4 litres 


Add the reagents one at a time, dissolving between 
each addition. Dispense in 500ml amounts and 
sterilize in the autoclave at 110°C for 10 min. 


Complete medium 


Buffer salt solution 1000 ml! 
Whole eaq 2000 mi 
1% Malachite green 80 ml 
1% Trypan blue 15-20 ml 


Scramble the eggs using a mixer and add the other 
reagents. The pH of the complete medium is pH 6.95. 
Dispense in 3.5ml amounts in thin glass universal 
containers. Inspissate horizontally at 85°C for 1h to 
form a solid slope. 


Kirchner medium 


Disodium orthophosphate, NaHPQ,.12H,0 19.0g 
Monopolassium phosphate, anhydrous, 

KH,PO, 2.5g 
Magnesium sulphate, MgSO,.7H,O 0.6g 
Trisodium citrate, NaszCgH,O7.2H,O 2.59 
Asparagine 5.09 
Glycerol, CH,OH.CHOH.CH,OH 20.0 mi 
Phenol red, 0.4% aqueous 3.0 ml 
Distilled water 1000 ml 


Steam to dissolve. Check that pH is between 7.4-7.6. 


Dispense in 9 ml volumes in glass universals and 
autoclave at 115°C for 10 min. Add 1 ml of horse serum 
to each bottle when cool. An antibiotic cocktail such 
as PANTA, supplied as freeze-dried powder by Becton 
Dickinson, can also be added. Test for sterility by 
incubating at 37°C overnight. 
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Middliebrook’s media 


These are normally supplied as dehydrated ready- 
to-use powders (Difco). All that is required is addition 
of water as indicated and appropriate heating. Enrich- 
ment (OADC or ADC) is added after cooling. 


Dubos medium (pH 6.5) 


Basal medium 
Sodium dihydrogen orthophosphate, 
NaH,PO,.2H,0 18g 
Disodium hydrogen orthophosphate, 
NaoHPO,.2H,O0 10 g 
Casein hydrolysate 15g 
Magnesium sulphate, MgSO,.7H,O 2g 
Magnesium citrate, Mg(CgH;O;).H,0 1g 
Sodium succinate 2g 
Sodium fumarate | 2g 
Sodium pyruvate ; 2q 
Distilled water 2 litres 


Add the reagents one at a time, dissolving between 
each addition. Check the pH; if incorrect, discard and 
remake. Dispense in 100ml amounts and autoclave 
at 100°C for 10 min. Store in the dark. 


5% Fraction V bovine serum albumen 


Bovine serum albumen Fraction V 
(Sigma A-2153) 
Sterile distilled water 


159 
300 ml 
Add the Fraction V to the water in a bottle. Dissolve 
using a magnetic stirrer. Sterilize by filtration into 10 ml 
amounts using a 0.2 4m membrane filter. Store at 4°C 
for up to a month. 


Complete medium 


100 ml 
10 ml 


Basa! medium 
5% Fraction V bovine serum albumen 


Add Fraction V aseptically to basal medium imme- 
diately before use. Dispense in required amounts. 
Store at 4°C for up to 1 month. 
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Actinomycetes: Actinomyces, Actinomadura, 
Nocardia, Streptomyces and related genera 


M. Goodfellow 





Actinomycetes are Gram-positive bacteria which 
show marked chemical and morphological diversity 
but form a distinct evolutionary line of organisms 
(Goodfellow 1989) that range from coccoid and 
pleomorphic forms to branched filaments. The fila- 
ments may form a rudimentary or highly developed 
branched mycelium with or without aerial hyphae. 
Actinomycetes bear some morphological resemblance 
to fungi but their cellular organization is typical of 
bacteria. Two physiological groups are recognized 
according to whether their metabolism is oxidative or 
fermentative. The genera Actinomyces, Arcanobacterium 
and Rothia encompass fermentative actinomycetes; 
oxidative organisms include the genera Actinomadura, 
Nocardia and Streptomyces. 

Fermentative actinomycetes cause a number of 
diseases, notably actinomycosis, and some oppor- 
tunistic infections. The microbiological diagnosis of 
actinomycosis is of the utmost importance. Other 
forms of disease involving fermentative actino- 
mycetes are less severe and can usually be cured 
without an aetiological diagnosis being established. 
The oxidative taxa include species pathogenic for 
humans and animals that can cause invasive in- 
fections, notably actinomycetoma and nocardiosis 
which are potentially life-threatening. Effective treat- 
ment of actinomycete infections usually requires a 
thorough microbiological diagnosis as the associated 
lesions often lack distinctive clinical features and 
may not respond to antimicrobial drugs currently 
used to treat common suppurative and septicaemic 
processes. 

Despite their taxonomic and possibly phylogenetic 
differences, the filamentous and/or pleomorphic bac- 
teria currently classified in the genera Actinomyces, 
Arcanobacterium and Rothia form a comparatively 
homogeneous group (Schaal 1992). The family 
Nocardiaceae forms a distinct evolutionary branch 
which includes the genera Gordona, Nocardia, 
Rhodococcus and Tsukamurella (Goodfellow 1992). 
Members of these taxa have many properties in 


common both with one another and with organisms 
classified in the genera Corynebacterium (Ch. 15) and 
Mycobacterum (Ch. 18). The genera Actinomadura 
and Streptomyces belong to the families Thermo- 
monosporaceae and Streptomycetaceae respectively. 


ACTINOMYCES, ARCANOBACTERIUM 
AND ROTHIA (THE FERMENTATIVE 
GROUP) 


Actinomyces infections 


Members of the genus Actinomyces are pathogenic 
for humans, though in almost all cases infections are 
mixed (Bowden & Goodfellow 1990, Schaal 1984, 
1986, 1992, Schaal & Lee 1992). Most pathogenic 
strains belong to the normal indigenous microflora 
of their hosts and are opportunistic pathogens. 


Actinomycosis 


Actinomyces tsraelit is the commonest and most 
significant cause of human actinomycosis; other 
organisms isolated from typical human actino- 
mycotic lesions have been identified as A. meyer, 
A. naeslundu, A. odontolyticus and A. viscosus. 
Actinomycosis is a subacute to chronic, granu- 
lomatous inflammatory disease that gives rise to 
suppuration, abscess formation and development 
of draining sinus tracts (Schaal 1984, 1992). The 
initial lesions may appear as slowly progressing 
infiltrations or as acute abscesses but advanced pro- 
cesses penetrate tissue. In cervicofacial actinomycosis, 
the infection produces an indurated swelling, often in 
the mandibular region, which may develop sinuses. 
In A. israeli infections, pus from the lesions may con- 
tain so-called sulphur granules which are yellowish 
granular colonies of the organism (see below). Corre- 
sponding branched filaments are commonly found 
in sections of diseased tissue, but are often smaller 
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than those from pus and show a club-shaped layer 
of hyaline material on the tips of peripheral hyphae. 
Filaments have a marked tendency to fragment, with 
many bacillary and coccoid forms seen in films of 
crushed granules and cultures. 

Typical human actinomycosis is almost invariably 
endogenous in origin. The disease develops in tissue 


adjacent to the mucosal surfaces that harbour the 


microorganisms. Human actinomycosis most fre- 
quently affects the face amd neck, but may also 
be encountered in thoracic and abdominal sites. 
Thoracic actinomycosis usually has a history of pre- 
ceding cervicofacial lesions, but may also develop 
haematogenously. In these infections the primary 
lesions usually go undetected until abscesses develop 
in the lung. Actinomycosis elsewhere in the body, 
including abdominal sites, may be a consequence 
of local spread from a neighbouring viscus or of 
haematogenous or lymphatic spread. 

Actinomycetes are occasionally associated with 
infection of intra-uterine contraceptive devices 
(IUCD) which provide a focus for more serious 
pelvic infection (Duguid et.al 1982). This is less 
common nowadays because plastic 1UCDs have been 
superseded by copper-containing IUCDs which are 
resistant to the growth of actinomycetes. However, 
when copper-containing devices are used for longer 
than the recommended period of 2 years, infection 
can occur. 

Caries, periodontal disease, and ocular infections 
are also caused by Actinomyces species (Slack & 
Gerencser 1975, Schaal 1984, 1986, 1992, Schaal 
& Lee 1992). Infections of the eye may present as 
conjunctivitis, dacryocystitis or lacrimal canaliculitis. 
A. tsraelu, A. naeslundi, A. odontolyticus and A, 
wiscosus have been identified as aetiological agents 
of these predominantly non-invasive conditions. 
Human diseases caused by A. pyogenes are clinically 
less characteristic than those caused by other 
Actinomyces species; they may present as acute phar- 
yngitis, urethritis or as cutaneous or subcutaneous 
suppurative processes. 


_Arcanobacterium and Rothia infections 


The clinical symptoms of Arcanobacterium haemo- 
lyticum infections are similar to those outlined for 
Actinomyces pyogenes (Schaal 1992). A. haemolyticum 
is primarily isolated from pharyngeal infections, skin 
lesions and septicaemia with or without metastatic 
abscess formation. Rothia dentocariosa, a. normal 
inhabitant of the mouth, can cause pneumonia or 
septicaemia in immunocompromised patients. It 
has also been isolated from abdominal infections, 
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endocarditis with or without brain abscesses, and 
from a variety of other inflammatory processes. 
Some Actinomyces species are pathogenic for 
animals (Bowden & Goodfellow 1990, Schaal 
1992). The best known infection is bovine actino- 
mycosis (lumpy jaw) caused by A. bovis. Infections 
with A. israelti may occur, and A. hordeovulneris 
and A. viscosus cause infections in dogs. A. pyogenes 


causes diverse pyogenic conditions in. domestic | 


animals, notably mastitis in cows and peritonitis 
and pleuritis in swine. Arcanobacterium haemolyticum 
occasionally causes infections in farm animals. 


Laboratory diagnosis of actinomycosis 


Collection of specimens 


Clinical material from suspected cases of actino- 
mycosis, usually pus, sinus discharge, bronchial 
secretions or infected tissue, should be collected 
avoiding contamination by the indigenous microflora 
of adjoining mucous membranes. Specimens should 
be collected through incision wounds in carefully 
disinfected skin, by transtracheal aspiration of 
bronchial secretions, or by transthoracic or trans- 
abdominal needle aspiration biopsies (Pollock et al 
1978). Although fermentative actinomycetes are not 
markedly oxygen sensitive, reduced transport media 
such as Port-A-Cul (BBL) or Portagerm (API bio- 
Meérieux) should be used as instructed by the manu- 
facturers if specimens cannot be examined within 
a few hours of collection. 


Examination of clinical material 


Pus from actinomycotic abscesses or purulent dis- 
charge from sinus tracts may contain innumerable 
sulphur granules which give the exudates the macro- 
scopic appearance of semolina soup (Schaal 1992). 
The granules are often not immediately apparent. 
The purulent material should be spread out in a 
sterile Petri dish and examined for the presence of 
relatively hard, yellowish to brownish to reddish 
particles up to ! mm in diameter. Should there be 
any difficulty in collecting granules from pus, the 
latter should be added to stenle saline tn a universal 
bottle, shaken and then left to stand, when granules 
will settle out. Particles can then be collected with 
an inoculating needle or loop. The nature of the 
suspected granules must be confirmed by microscopy 
as pus specimens may contain particles of necrotic 
tissue and other materials that resemble sulphur 
granules. 7 
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Microscopic examination 


1. Place a granule in a drop of methylene blue 
solution (1% w/v). Gently press a coverslip on top 
of the preparation and examine at low magnification 
(x40). 

2. Examine at x100 magnification under trans- 
mitted light and note the cauliflower-like appearance 
of the sulphur granules. The microbial centre of the 
granule remains unstained as a result of its reducing 
capacity whereas the surrounding leucocytes and 
other tissue reaction material take up the blue colour 
of the stain. When additional pressure is placed on 
the coverslip the sulphur granule disintegrates into 
circular or partially circular elements which are 
actinomyces colonies formed i vivo. 

3. The final evidence is obtained by crushing a 
particle between two slides and Gram staining the 
resultant preparation. Gram-positive, branched, un- 
evenly curved, irregularly stained filaments and rods 
are seen at high magnification (c. x1000). In contrast 
to granules from actinomycetomas, the Gram stain 
also shows the presence of additional Gram-positive 
and Gram-negative bacteria which represent the 
contaminant anaerobic microflora. 

4. In the absence of granules, make a Gram smear 
of pus and look for Gram-positive branching fila- 
ments. The presence of even short fragments or 
filaments showing true branching amongst cocco- 
bacillary forms is suggestive of an infection caused by 
Actinomyces. Mixtures of coccoid, diphtheroid and 
filamentous cells are typical of Rothia dentocanosa. 


Isolation and culture 


1. Fermentative actinomycetes, apart from Rothia 
dentocariosa, require a reduced atmospheric oxygen 
tension and increased carbon dioxide for optimal 
growth. A convenient, inexpensive and widely appli- 
cable technique for obtaining growth conditions 
with moderately reduced oxygen tensions and suit- 
able carbon dioxide levels is the one described by 
Fortner in 1928. This classical and effective tech- 
nique is based upon the observation that some 
members of the family Enterobacteriaceae, notably 
Serratia marcescens, use oxygen and produce carbon 
dioxide when grown in a closed system such as the 
one described below. 

2. One half of a suitable agar medium (see below) 
in a glass Petri dish is seeded with the clinical material 
or the strain to be subcultured. The other half of 
the medium is heavily inoculated with Serratia 


marcescens. The dish is then placed upside down 


upon a glass sheet, then fixed and sealed with 


plasticine to make the system airtight. Growth of 
the target organisms, which usually starts within 
4-8 h of inoculation, can be checked with a hand 
lens or microscopically at low magnification without 
disturbing the semi-anaerobic atmosphere. Leakage 
through the plasticine seal, which can occur when 
the plasticine is too little or the base plate damp, can 
readily be detected, as Serratia forms unpigmented 
colonies under reduced oxygen tension, but is red 
in the presence of air. 

3. Anaerobic and/or carbon dioxide-enriched growth 
conditions in anaerobic jars (Ch. 6) allow the growth _ 
of most fermentative actinomycetes and nearly all 
of the associated anaerobic bacteria. However, more 
aerophilic strains, especially catalase-positive organ- 
isms, grow poorly, if at all, in oxygen-free atmos- 
pheres. Anaerobic jars should therefore be used in 
combination with other techniques that allow for 
paralle] culture in air with increased carbon dioxide. 

4. Anaerobic broth cultures can be grown in tubes 
in anaerobic jars. Another classical technique, based 
on the oxygen-binding effect of sterilized animal 
tissue particles, can give equally satisfactory or even 
better results, especially on primary isolation from 
clinical specimens. The three best known media 
based on this principle are Tarozzi medium (Schaal 
1992), cooked-meat medium and Rosenow broth 
(Schaal 1992). In Tarozzi medium, fermentative 
actinomycetes grow particularly well on the surface 
of whole pieces of liver often producing macro- 
scopically visible colonies that can be selectively 
aspirated with a capillary pipette for further micro- 
scopic and cultural examination. 

5, When using Fortner’s method for agar cultures 
or Tarozzi broth for fluid cultures, media incubated 
at 35-37°C should be checked daily, for up to 14 
days, for growth of typical mycelial colonies. When 
anaerobic jars or incubators are used, a duplicate 
set of media should be inoculated and examined 
after 3 and 7-10 days of incubation at 36 + 1°C. In 
addition, a third set of media should be incubated in 
air with added carbon dioxide. When Tarozzi broth 
is used, it should be heated in a boiling water-bath 
for 10 min prior to use, then quickly cooled under 
tap water, inoculated, and sealed with 2 ml sterilized 
melted vaseline. Use of paraffin wax or oil is not 
recommended, 

6. After 48 h, examine agar plates for small white 
colonies and, with a plate microscope, for micro- 
colonies composed of branching filaments (spider 
colonies). Re-examine after 7 days, when colonies 
of A. israelit will be 0.5-2 mm in diameter, white to 
grey-white smooth and entire or lobulated (molar 
tooth form) or rough surfaced, and either hard or 
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soft in texture; details of the typical macrocolonies 
oi other types of fermentative actinomycetes are 
given by Schaal (1992). At both examinations 
make Gram-stained smears of representative colonies, 
Subculture aerobically and anaerobically on blood 
agar any colony type seen to contain Gram-positive 
bacilli or filaments, even if without branching. 

7. In liquid media most fermentative actino- 
mycetes either grow as discrete compact masses of 
variable size leaving the medium clear, or they 
produce a diffuse growth with varying amounts of 
granular, flaky or pellicle-like sediment. The cotton 
pad-like masses, which are filamentous colonies, 
may be suspended in the broth or adhere to the glass 
or tissue surface and are commonly seen with A. 
israeli, but also with rough isolates. of other taxa. 
Broth cultures of some strains (e.g. A. viscosus and 
A. pyogenes) are often evenly turbid but, upon further 
incubation, may show a granular, flocculent, stringy 
or smooth sediment. 


Culture media 


1. High-quality general-purpose media are usually 
required for the primary isolation and subsequent 
cultivation of Actinomyces, Arcanobacterium and Rothia 
strains from clinical material. Suitable media include 
brain heart infusion agar/broth (BHIA and BHI); 
heart infusion agar supplemented with 5% defibri- 
nated horse, rabbit or sheep blood; Schaedler agar/ 
broth; fluid thioglycollate broth, which may be 
supplemented with sterile rabbit serum (0.1-—0.2% v/v) 
and trypticase soy agar/broth (TSA and TSB) (Slack 
& Gerencser 1975, Schaal 1991a). Most of these are 
commercially available. 

2. The commercially available media mentioned 
above are not equally effective for the isolation of 
fermentative actinomycetes from clinical material. 
Schaal (1992) strongly recommended a modifi- 
cation of the synthetic medium of Howell & Pine 
(1956) as an additional medium for the diagnosis 
of actinomycete infections and the identification of 
fermentative actinomycetes. 

3. Selective media have been designed to isolate 
Actinomyces species from human and animal oral 
cavities (Ellen & Balcerzak-Raczkowski 1975, Beighton 
& Colman 1976, Zylber & Jordan 1982). An en- 
richment gelatin agar supplemented with cadmium 
sulphate (20 mg/litre) and metronidazole (10 mg/litre) 
has been described for the isolation of A. naeslundii 
and A. wiscosus from dental plaque (Kornman & 
Loesche 1978). The selective isolation described by 
Fritsche (1964) is based on the inhibitory effect of 
toluene to Gram-negative bacteria and facilitates the 
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isolation of A. israeli. Such media are generally not 
used in routine clinical laboratories but they may be 
valuable for primary isolation from mixed cultures. 


4. Selective media are not yet available-for the 


isolation of Arcanobacterium haemolyticum. However, 
Columbia agar supplemented with 5% horse, human 
or sheep blood usually gives satisfactory results. 
A suitable liquid medium is brain heart infusion 
broth supplemented with 5% horse serum. 

5. It is sometimes difficult to obtain pure cul- 
tures of fermentative actinomycetes despite repeated 
subculturing as certain concomitant bacteria over- 
grow the plates. Commercially available discs for 
antibiotic sensitivity testing can be used to over- 
come this problem. Appropriate antibiotic discs are 
placed on the agar surface after seeding with the con- 
taminated strains. After incubation, actinomycete 
colonies from the inhibition zones can be selected 
and transferred to a suitable growth medium. Discs 
containing colistin, metronidazole or nalidixic acid 
inhibit the growth of contaminants but not that of 
the target strains (Schaal 1992), 


Culture of actinomyces from IUCDs 


Diagnosis of infection associated with intra-uterine 
contraceptive devices (IUCDs) is by microscopy and 
culture from cervical swabs or, where the device has 
been removed, from pus or concretions attached 
to the [UCD. Culture should be carried out by the 
method of Traynor et al (1981) which involves 
suspension of the inoculum in thioglycollate broth 
followed by dilution to 10% and inoculation of 
Columbia-based blood agar plates incorporating 
2.5 mg/litre of metronidazole. Incubation anaerobi- 
cally should be for a minimum of 10 days (undis- 
turbed). Characteristic small, white colonies should 
be identified by standard methods. The use of 
metronidazole is essential because [UCD-associated 
infecions are polymicrobial, the majority of con- 
comitant microorganisms being anaerobes, With this 
approach, actinomyces can be isolated from appro- 
ximately 85% of specimens where microscopy has 
suggested the presence of the organism. 


Identification of fermentative 
actinomycetes 


Differentiation at genus level 


Fermentative actinomycetes are ‘ seacphologically 


similar and also resemble other Gram-positive bacteria. 
Single physiological tests, suitable for differentiation 
at the species level, often fail to resolve this. Thus, 
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in addition to conventional diagnostic procedures, 1992). Take great care; the physiological tests are 
newer and more elaborate approaches may be neces- sensitive to small changes in experimental condi- 
sary. Gas—liquid chromatography, as described in tions. Improved results can be obtained with minia- 
the VPI Anaerobic Laboratory Manual (Holdeman turized test procedures* (Schaal 1992), where the 
et al 1977),.can be used for the detection of acid inoculum-substrate relationship is more favourable 
fermentation end products. Similarly, chemical for slowly growing cultures than conventional test 
methods are available for the detection of key wall systems. Similarly, commercial test kits (e.g. Minitek 
B) markers in whole-organism hydrolysates* (Minnikin System, BBL) to some extent meet the problem of 


et al 1975, Schaal 1992). These technically simple 
procedures are suitable for routine purposes. Cell 
wall analysis provides more detailed chemical 
information for identification but the mecessary 
preparation of walls 1s elaborate and time-consuming 
and cannot be undertaken routinely. Table 19.1 
summarizes criteria for identification of fermentative 
actinomycetes 


identification at species level 


When the genus has been determined, morphological 
and physiological criteria, such as catalase activity, 
fermentation of carbohydrates and reduction of 
nitrate and nitrite,.can be applied to differentiate 
species* (Slack & Gerencser 1975, Schaai 1986, 


[a 


*Refer to Methods at the end of this chapter. 


quality standardization (Schaal 1992). The number 
of physiological tests needed for reliable identifi- 
cation of Arcanobactertum, Actinomyces and Rothia 
species is quite large (Table 19.2). 


Serological identification of fermentative 
actinomycetes 


The simple fluorescence antbody (FA) procedure 
of Slack & Gerencser (1975) is effectrve. Air-dried 
smears of cultures or clinical material are fixed by 
flooding with methanol for 1 min, incubated with a 
drop of fluorescein isothiocyanate (FIT‘C)-conjugated 
specific antiserum for 30 min at room temperature, 
washed in two changes of pH 7.2 buffer (FTA 
haemagglutination buffer, BBL) for 5 min each, 
counterstained in Evans Blue (0.5%) for 5 min, and 
washed again in two changes of pH 8.0 buffer for 
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1 min each. Air-dried smears are then covered by 


-a drop of buffered glycerol mounting fluid (9 parts 


c.p. glycerol: 1 part pH 9 buffer) under a cover-slip 
and examined with a microscope fitted for FA work; 
54x oil immersion or 50x water immersion objectives 
are the most useful. 

A limitation is that most antisera have to be 
prepared and conjugated by the user; antisera to A. 
israelu and A. naeslundu are commercially available 
(Biological Reagent Section, Centre for Disease 
Control, Adanta, Georgia, USA). Good results have 
also been obtained with an indirect FA staining pro- 
cedure (Schaal & Gatzer 1985). Immunofluorescence 
techniques with standardized staining methods and 
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reagents allow rapid and comparatively reliable iden- 
tification of nearly all fermentative actinomycetes 
and related bacteria, but antigenically aberrant strains 
and unknown or poorly characterized serotypes or 
species may be lost or misidentified if immuno- 
fluorescence procedures are used as the sole means 
of identification (Schaal & Gatzer 1985). 

Counterimmunoelectrophoresis and crossed 
immunoelectrophoresis hold promise as additional 
means of diagnosing actinomycotic infections, espe- 
cially when suitable specimens for culture examina- 
tions are difficult or impossible to obtain, as in cases 
of deep-seated actinomycotic abscesses of internal 
organs including the female genital tract. 
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Antibiotic sensitivity 


Most Actinomyces strains are sensitive to a wide 
range of antibiotics and evidence of the development 
of resistance is lacking (Schaal 1992). Pure cultures 
are particularly sensitive to the penicillins including 
ampicillin and benzylpenicillin. Metronidazole is 
relatively ineffective. Actinomyces strains may also be 
resistant to aminoglycosides and peptide antibiotics. 
Treatment failures and relapses in patients suffering 
from actinomycosis can often be attributed to the 
presence of penicillin-resistant concomitant organ- 
isms, especially Haemophilus actinomycetemcomitans 
and Bacteroides, Prevotella or Phorphyromonas. In 
such cases treatment with high doses of amoxycillin 
and clavulanic acid has proved to be effective. 
Rothiae are also sensitive to many antibiotics, in- 
cluding penicillins and tetracyclines. Arcanobacterium 
haemolyticum is sensitive to amikacin, nalidixic acid 
and sulphamethoxazole. 


NOCARDIA, ACTINOMADURA, AND 
STREPTOMYCES (THE OXIDATIVE 
GROUP) 





These actinomycetes are strictly aerobic, relatively 
slowly growing organisms. They may require incu- 
bation for up to 14 days at 37°C before well-sized 
colonies are formed. All strains produce an exten- 
sively branched substrate mycelium, with or without 
aerial hyphae, which in the case of nocardiae frag- 
ment into rods and cocci. Though generally harmless 
soil saprophytes, some species cause opportunistic 
infections. 


Nocardiosis 


Nocardiae cause a variety of suppurative infections 
in man and animals (Beaman 1984, Boiron et al 
1993). Infection may occur by inhalation, through 
contaminated wounds and by traumatic implanta- 
tion. Three distinct clinical syndromes may develop: 
(1) primary pulmonary and systemic, (2) primary 
cutaneous, and (3) primary subcutaneous nocardio- 
sis. Primary pulmonary nocardiosis may be subchmi- 
cal or pneumonic; it may be chronic or acute with 
possible secondary, often fatal, involvement of other 
systems. In non-tropical countries, most infections 
are caused by Nocardia asteroides, N. farcintca and 
N. nova, and relatively few by N. brasiliensts and 
N. otitidiscaviarum (Schaal & Lee 1992). Localized 
cutaneous and subcutaneous nocardioses are en- 
countered less frequently. Their aetiological agents 


include N. asteroides, N. brasiliensis, N. farcinica, and 
N. otitidiscaviarum and N. transvalensis (Schaal & 
Lee 1992). 

Nocardiosis usually develops as an opportunistic 
infection complicating a debilitating primary disease 
(Schaal & Lee 1992). Recent increases in the re- 
ported frequency of human nocardial infections can 
be attributed to the widespread use of immuno- 
suppressive drugs, improved isolation techniques 
and increased clinical microbiological awareness 
(Goodfellow 1992, Schaal & Lee 1992), Current 
estimates indicate that considerably more than 1000 
cases of the disease are diagnosed each year in the 
USA. There is growing evidence that nocardiosis 
is transmissible and epidemics have been reported 
from renal transplant units (Schaal 1992). 

Clinical, radiological and histopathological findings . 
are not sufficient for the recognition of nocardiosis. 
Definitive diagnosis depends upon the isolation and 
identification of the causal agent from clinical material. 

Nocardiae also cause a wide range of animal dis- 
eases (Goodfellow 1992) that range from abortion 
and mycetoma to pulmonary and systemic disease. 
N. asteroides is the most common cause, followed by 
N. brasiliensis and N. otitidiscaviarum. In dairy cattle, 
the predominant infection is mastitis; epizootics 
attributed to N. asteroides and N. farcinica have been 
reported. 


Actinomycetoma 


This is a localized, chronic and destructive infection 
of skin, subcutaneous tissue and eventually bone. 
The disease, which is most frequently induced by 
implantation by thorns or contaminated splinters, 
is characterized by a progressive swelling of the 
infected area, distortion of the normal anatomy and 
multiple draining sinuses and fistulas. Purulent dis- 
charge containing the causative agent in the form of 
granules is characteristic of advanced stages of the 
disease. Infections are frequently through the foot 
(Madura foot) though extrapedal cases are not un- 
common in other parts of the body that come into 
contact with soil. Although it has a worldwide distri- 
bution, actinomycetoma is a major health problem 
in tropical and subtropical regions. 

In humans, important agents of actinomycetoma 
include Actinomadura madurae, A. pelletieri, Nocardia 
brasiliensis and Streptomyces somaliensis. A. pelletient 
occurs mainly in Africa but A. madurae and S. 
somaliensis are more widespread, especially in tropical 
and subtropical areas. Climatic conditions may have 
a major role in the distribution of these infections. 


_A. madurae seers to be widely distributed in soil 
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but A. pelletiert has been isolated only from clinical 
material. N. brasiliensis is the main causal agent of 
actinomycetoma in many tropical areas, such as the 
sugar plantations in Mexico. N. asteroides, N. farcinica, 
N. ottudiscaviarum and S. anulatus (griseus) occasionally 
Cause mycetoma. 


Streptomyces infections 


The popular view that streptomycetes from clinical 
material can be dismissed as harmless saprophytes 
cannot be sustained. Apart from Szreptomyces anulatus 
(griseus) and S. somaliensis, S. albus, S. lavendulae and 
S. rimosus have been isolated from clinical material. 


Laboratory diagnosis of nocardiosis and 
actinomadura and streptomycete 
infections 


Collection of specimens 


Specimens may be taken from several sources — 
blood, bone tissue, bronchial washings, cerebro- 
spinal fluid, sinus discharge, urine and biopsy and 
autopsy material (Schaal 1977, 1984). Clinical ma- 
terial, especially of sputum and sinus discharge, should 
be examined as soon as possible to prevent over- 
growth by contaminants. If storage is unavoidable, 
samples should be kept at 4°C without the addition 
of preservatives. 


Table 19.8 “Morphology ot graniles produce diby differen 
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Sputum is the most readily available material from 
cases of pulmonary nocardiosis. However, several 
separate fresh samples may need to be examined as 
some specimens may not contain nocardiae. It is 
necessary to culture the same organism from several 
independent samples to be sure of its aetiological 
role. Should nocardiae be absent from sputum and 
bronchial washings, material can be obtained by 
transthoracic needle biopsy. In the case of systemic 
nocardiosis, abscesses can be punctured or incised to 
collect pus; the use of swabs is not recommended. 
Involvement of the central nervous system is diag- 
nosed from brain abscess material or cerebrospinal 
fluid. The latter can give negative results, even in 
cases of serious infection, as the pathogen may be 
restricted to an abscess or be present as L-forms. 
Exudate from discharging sinuses and biopsy ma- 
terial should be examined in cases of actinomycetoma 
and cutaneous infections. 


Examination of clinical material 


The presence of granules can be checked as de- 
scribed for actinomycosis above. Material from 
actinomycetomas, unlike that from cases of nocar- 
diosis, usually contains granules which facilitate an 
immediate presumptive identification of the causa- 
tive agent as they differ in size, consistency and col- 
our (Table 19.3). Fluid material can be examined in 
wet mounts under the microscope without staining. 
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Species ; 3 Size ss. _ Consistency Shape : 
Actinomadura rt Large (1-8 m mm Soft fos Ei eaaiNon oval 1!” White to yellowish. “Common in’ mycetomas caused | 
madurae . in diameter) | or lobulated or pinkish to reddish by A, madurae aie 
A. pellatieri Small (0.3-0.5 mm Soft i <Smooih-edged Deep red, Commonly found In-- 
in diameter). or finely - occasionally mycetomas caused by 
Rarely reach 1 mm denticulate, _yellowish to _ A, pelletieri . 3 
in diameter irregularly pinkish — + a. 
spherical ; 
Nocardia asteroides Smail(<tmmin Soft Lobulated, White to yellowish _—_Onlly rarely found in 
diameter) occasionally 1 mycetomas, not in other - 
clubbed infectious processes caused by 
N. asteroides 
N. brasiliensis Small Soft Lobulated, White to pale Gominecit found in: ) 
occasionally yellow mycetomas, rarely in-other 
clubbed infectious processes Caused bY. 
| N. brasiliensis nas } ie 
Streptomyces Large (1-2 mmin Hard Round to oval, Yellow to brown Common in mycetomas caused - 
somaliensis diameter) dense and : by S. somaliensis © 
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Different body fluids, spinal fluid, or urine, after 
centrifugation (4000 rpm), should be examined 
between slide and cover-slip for the presence of 
branching filaments in greatly reduced light or by 
phase contrast. 


Microscopic examination 


1. Make a Gram-stained smear from fresh ma- 
terial, from sediment after centrifugation or from 
granules crushed between two slides. Gram-positive 
branched filaments (c. 1 jim in diameter) are seen at 
high magnification (x1000). Filaments of nocardiae 
may show evidence of fragmentation into rod and 
coccoid elements. 

2. Stain a second smear and examine for acid- 
fastness. The well known acid-fastness of nocardiae 
is often more pronounced in clinical than in cultured 
material. Acid-fastness cannot always be demon- 
strated with the conventional Ziehl—Neelsen: tech- 
nique; better results can be obtained with a modified 
Kinyoun acid-fast stain. Even with this technique, 
nocardiae may only be partially acid-fast; that is, 
they show both acid-fast and non-acid-fast rods 
and filaments. Actinomadurae and streptomycetes 
are non-acid-tast. 

3. The Gram—Weigert technique, the Brown and 
Brenn stain or acid-fast stains can all be used to 
demonstrate actinomycetes in both tissue sections 
and granules. In contrast, actinomycetes are usually 
not detected in tissue sections with the haematoxylin 
and eosin stain. 


Isolation and culture — 


1. Several general purpose media can be used to 
isolate actinomadurae, nocardiae and streptomycetes 
from infected samples such as pus, spinal fluid and 
biopsy material. They include brain heart infusion, 
Sabouraud dextrose and yeast extract-malt extract 
agars (see Goodfellow 1992). Media should be trans- 
parent to facilitate direct microscopic examination 
of colonies. 

2. Selective media must be employed to culture 
actinomycetes from samples that contain large num- 
bers of other actinomycetes. A number of selective 
media have been proposed for the selective isolation 
of nocardiae but all of them can be inhibitory for 
some of the target actinomycetes. Recommended 
media formulations include chemically defined media 
containing paraffin agar, DST agar supplemented 
with tetracyclines, Léwenstein—Jensen medium, no- 
cardia selective agar and Sabouraud dextrose agar 
supplemented with chloramphenicol (for details, see 


ACTINOMYCETES _! 


Goodfellow 1992). Pretreatment of material with 
the concentration and digestion—decontamination 
procedures used in the isolation of mycobacteria 
should not be employed as they reduce the isolation 
rate of nocardiae (Schaal 1977). 

3. Actinomadurae and streptomycetes will not 
grow on all of the above media but do form small 
colonies on most of them. In general, a range of 
media should be supplemented with other formula- 
tions commonly used for the routine cultivation of 
aerobic actinomycetes. All cultures should be incu- 
bated aerobically at 25-27°C and at 36°C for up to 
3 weeks and examined both macroscopically and 
microscopically for growth every few days. 

4. Actinomycete colonies can be distinguished 
from those of other bacteria by their filamentous 
appearance, especially in early stages of growth. 
Nocardiae characteristically form colonies with pink 
to red stroma covered to a greater OF lesser extent 
with white aerial hyphae. Actinomadurae can be 
recognized by their leathery colonies and by the pro- 
duction of red prodigiosin pigments. Streptomycete 
colonies are usually highly filamentous with a dense 
down of aerial hyphae, many of which differentiate 
into long chains of exospores. 


identification of oxidative actinomycetes 


Differentiation at genus level 


Reliable identification of aerobic actinomycetes, in- 
cluding actinomadurae, nocardiae and streptomycetes, 
is possible only by detecting key chemical markers” 
(Schaal 1984, Goodfellow 1992, Boiron et al 1993). 
Actinomadurae are characterized by the presence 
of meso-diaminopimelic acid (meso-DAP) and the 
absence of diagnostic sugars in whole-organism 
hydrolysates. In contrast, nocardiae contain meso- 
DAP, arabinose and galactose, and streptomycetes 
LL-DAP in whole-organism hydrolysates. Several 
simplified chemical procedures applicable in clinical 
Jaboratories are available for the detection of diag- 
nostic amino acids and sugars (Goodfellow 1992). 
For routine work, the procedure described. by 
Staneck & Roberts (1974) can be recommended.” 
Nocardiae are most easily distinguished from 
actinomadurae, streptomycetes and all other sporo- 
actinomycetes as they alone have whole-organism 
hydrolysates containing mycolic acids. Qualitative 
evaluation of mycolic acids can be easily and quickly 
achieved by the thin layer chromatographic tech- 
nique of Minnikin et al (1975).* Methanolysates 
of nearly all mycobacteria give a multispot mycolic 
acid pattern whereas those from nocardiae (and 
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most other mycolic-acid-containing actinomycetes) 
produce a single spot with an Rf value that reflects 
the chain length and structure of the mycolic acids 
(Hamid et al 1993), 

Additional chemical procedures for the identifi- 
cation of clinically significant aerobic actinomycetes 
are described by Goodfellow (1992) and Boiron et al 
(1993). 


Identification at species level 


Partial identification of the major agents responsible 
for human nocardiosis can be achieved with a few 
simple degradation tests* (Table 19.4), Additional 
tests are available for distinguishing between N. 
asteroides, N. farcinica and N. nova (Table 19.5), 
Supplementary tests based on antibiotic sensitivity 
and rapid enzyme studies can also be used to sepa- 
rate nocardial species but still have to be extensively 
applied (Boiron et al 1993). Agents of acuinomycetoma 
can be distinguished by a combination of chemical 
and degradation tests (Table 19.6). Streptomyces 
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| Characteristics 
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Growth at:45°C for 3 days 


_ Growth on sole carbon sources: 

1,3 Butylene glyco! ~ 
| 2,3 Butylene glycol es ~ 
| Ethanol : : pee - 
| t-Rhamnose * Rea ee 
| Sodium citrate 1 SS + 


Resistance to 5 fluorouracil (20 g/ml) + 
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N. asteroides — 


species are notoriously difficult to identify and 
problems remain despite the availability of compre- 
hensive frequency matrices and computer identifica- 
tion programs (Langham et al 1989, Kampfer & 
Kroppenstedt 1991). Specialist advice should be 
sought if accurate identification of streptomycetes 
is needed, 


Other diagnostic methods 


Tests to demonstrate delayed cutaneous hypersen- 
sitivity and humoral antibodies have been described 
for the diagnosis of nocardiosis but their practical 
application remains limited at present, as does the 
use of DNA probes (Boiron et al 1993). An ELISA. 
technique based on a 55 kDa protein specific to 
Nocardia allowed antibodies to be detected in 91% 
of patients suffering from cutaneous or pulmonary 
nocardiosis (Angeles & Sugar 1987). In addition, 


the value of the immunoblot technique has been 


demonstrated in the diagnosis of nocardiosis (Boiron 
& Provost 1990, Boiron & Stynen 1992). It is 
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Character Actinomadura Nocardia 


SS —= = —- 


Whole organism 
hydrolysate analysis: - ~~ 
‘Arabinose 
Galactose - 
. Madurose Ny ae 
u-Diaminopimelic acid. . 
_Meso-diaminopimelic acid 
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Whole-organism 
methanolysate: : 
analysis: , 
Mycolic acids iS + 
Degradation of: 
‘Casein 
Elastin 
. Hypoxanthine 
Tyrosine 
Urea 
xanthine 
Sensitivity to penicillin + 
(10 international units) 


Ltt + + 
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® A. madurae and A. pelletieri can be distinguished by the capacity of the former to use adonitol, arabinose, mannitol, rhamnose 


and xylose as sources of carbon for energy and growth. 


’ Characters for differentiating N. asteroides and N. farcinica are shown in Table 19.5. 





possible that monoclonal. antibodies raised against a 
specific 54 kDa protein may prove to be of value in 
the detection of this antigen in sera of patients with 
nocardiosis (Boiron et al 1993). DNA probes have 
been prepared for the rapid identification of N. 
asteroides using genomic libraries generated from 
selected strains of N. asteroides (Brownell & Belcher 
1990). 


Antibiotic sensitivity 


In-vitro drug susceptibility testing of representative 
nocardiae by the disc diffusion method has been 
the subject of several studies (Boiron & Provost 
1988). The activity of amikacin against Nocardia 
spp at clinically achievable serum levels makes this 
antibiotic a good candidate for treating all forms 
of nocardial infection. It has also been shown that 
drug susceptibility within the species N. asteroides is 
variable and that clinical use of drugs other than 
sulphonamides should be supported by susceptibility 
tests (Wallace et al 1988). Favourable in-vitro 
susceptibilities have been recorded with armikacin, 
imipenem, minocycline, tobramycin and vancomycin 


madurae* pelletier? | asteroides’ brasiliensis farcinica® 















Streptomyces 


otitidis- anulatus somaliensis 


caviarum . 
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against A. madurae, A. pelletieri and S. somalensts 
strains, but it remains to be seen whether these 
findings can be extrapolated to antibiotic activity in 
subcutaneous granulomas and abscesses formed in 
mycetomas. 


OTHER AEROBIC OPPORTUNISTIC 
ACTINOMYCETES 
Other aerobic actinomycetes, such as those belonging 
to the genera Brevibacterium, Dermatophilus, Gordona, 
Nocardiopsis, Oerskovia, Rhodococcus and Tsukamurella, 
have occasionally been implicated as opportunistic 
pathogens of humans (Schaal 1984, Bowden & 
Goodfellow 1990). Methods for the isolation and 
identification of these actinomycetes can be found in 
the current editions of Bergey’s Manual of Systematic 
Bacteriology (Williams et al 1989) and The Prokaryotes 
(Balows et al 1991). However, the clinical signifi- 
cance of some of these organisms can be difficult 
to determine in routine laboratories without the use 
of chemical and molecular taxonomic procedures 
(Goodfellow et al 1993). 
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Dermatophilus congolensts is an obligate pathogen 
which causes an exudative skin disease in wild and 


domestic animals. The disease, dermatophilosis, — 


usually takes the form of a debilitating chronic con- 
dition but can be fatal in some animals. In humans, 
dermatophilosis is characterized by multiple pus- 
tules, furuncles or desquamative eczema of. the 
head and forearms. Such infections usually clear 
up spontaneously after 2—3 weeks, 

Nocardiopsis dassonvillei has been implicated in 
human infections, especially in cutaneous and sub- 
cutaneous forms and also in respiratory disease. 
Recognition of the organism is based on a combina- 
tion of chemical and morphological properties. N. 
dassonvillet strains produce abundant aerial hyphae 
which typically form chains of smooth oval spores 
of variable length. During spore maturation, hyphae 
have a zig-zag appearance, 

Reller et al (1975) were the first to demonstrate 
the pathogenic potential of Oerskovia strains. Sottnek 
et al (1977) examined 35 oerskoviae from clinical 
sources. Strains identified as O. turbata were isolated 
from heart tissues, heart valves and blood and O. 
xanthineolytica from more varied sources that included 
blood, cerebrospinal fluid, sputum and wounds. 
High doses of cotrimoxazole .combined with am- 
picillin or amoxycillin have been recommended for 
treatment of infections caused by O. turbara (Reller 
et al 1975). 

Rhodococci are widely distributed in nature but 
are rarely encountered as primary pathogens in 
healthy persons. Rhodococcus egut (syn. Corynebacterium 
equt) has long been recognized as an important 
veterinary pathogen that causes bronchopneumonia, 
lymphadenitis and ulcerative enteritis in foals. Re- 
ports of clinical infection, once rare, are increasing 
in frequency. Indeed, members of the species have 
been identified as agents of invasive pulmonary 
infection in severely immunosuppressed patients, in 
particular those with AIDS. R. erythropolis, R. rhodnii 
and R. rhodochrous have also been implicated in 
pathogenic processes. Other mycolic-acid-containing 
organisms, notably Gordona bronchialis and Tsukamurella 
paurometabola, may be responsible for infection in 
humans. Brevibacteria can be distinguished from 
gordonae, rhodococci and tsukamurellae on chemo- 
taxonomic criteria, 

Actinomycetes are also well known as agents of 
allergic alveolitis. Farmer’s lung, which occurs in 
Europe and North America, is caused by two 
sporoactinomycetes, Saccharopolyspora  rectivirgula 
(Micropolyspora faeni) and Saccharomonospora viridis. 
These organisms have also been implicated in 
mushroom worker’s lung and humidifier fever. 
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METHODS FOR DETECTION OF KEY 
CHEMICAL MARKERS 





Determination of diaminopimelic acid 
isomers (based on Staneck & Roberts 
1974) 


Extraction of diaminopimelic acid (DAP) 


. Hydrolyse dried bacteria (up to 5 mg) ini mi4M 
es at 100°C for 16 h, or6 M HC! at 150°C for 6 h under 
nitrogen. 

2. Remove insoluble material by filtration through 
a glass-fibre filter (e.g. Whatman GF/F) and pass a 
further 1 ml of water through the filter. . 

3. Dry the filtrate by rotary evaporation or under 
vacuum in a desiccator over NaOH pellets. It is essen- 
tial to redissolve the residue in water and dry at 
least once more, to remove all traces of acid. The final 
residue should be dissolved in 0.1 ml water per mg of 
starting material, for analysis. 


Thin-layer chromatography 


1. Diaminopimelic acid (DAP) isomers are sepa- 
rated by thin-layer chromatography on 20 cm x 20 cm 
cellulose plates (e.g. Merck No. 5716) using the 
developing solvent methanol:water:6 M HCl:pyridine 
(80:26:4:10 v/v). Line the tank with filter paper and 
allow equilibration with the solvent for several hours 
before use. 

2. Apply samples (3 ul) to the baseline of the 
chromatogram, together with standards of authentic 
o.-DAP (Sigma) and bacterial hydrolysates contain- 
ing the meso- and tl-isomers of DAP (e.g. from 
Rhodococcus and Streptomyces, respectively) placed 
on either side of the experimental samples. 

3. Develop until the solvent front is 1.cm from the 
lop of the plate (about 3.5 h). 

4. The dried plate is sprayed with ninhydrin (0.2% w/v 
in water-saturated butan-1-ol) and heated at 100°C 
for 5 min to visualize the amino acids. 


DAP isomers migrate more slowly than other amino 
acids and give characteristic olive-green spots with 
the Lt-isomer running slightly fasterthan oL, meso (Rfs 
approximately 0.29 and 0.24 respectively). 3-Hydroxy- 
DAP has an Rf-of about 0.20 under the same condi- 
tions. Other aminoacids give purple spots that run 
faster than DAP (Rfs 0.37—0,80), 

Tne isomers of DAP can be separated as their 
heptafluorobuty! isobutyl derivatives by GC on a 
fused silica capillary column coated with a chiral 
Stationary phase such as Chirasil-.-Val (Chromopak). 
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Detection of lysine and ornithine 
(Hancock 1994) 


Methods for the detection of lysine and ornithine 
require the use of cell-wall material. 


Treatment with sodium dodecy! sulphate 


1. Suspend freshly harvested or thawed bacteria, 
or lyophilized biomass, in ice-cold water (2.4mg dry 
wt/ml) and add gradually to an equal volume of boiling 
sodium dodecyl! sulphate (SDS) solution (BDH-Merck, 
‘special pure’, 9%, w/v) with continuous stirring on a 
hotplate to maintain boiling. 

9. Continue boiling and mixing for 40 min, with 
addition of water to maintain approximately constant 
volume. 

3. After cooling to room temperature, recover insolu- 
ble crude cell wall by centrifugation (30 000 g, 15 min). 

4, Repeat the SDS treatment at least once more 
on the insoluble material. Preliminary experiments 
may be necessary to determine how many treatments 
are required to remove all extractable UV-absorbing 
material. 

5. Wash the final insoluble pellet by resuspension 
and centrifugation five times with hot water. 


Removal of nucleic acids and protein ° 


Traces of nucleic acid and protein remaining in the 
preparation can be removed enzymatically. 


4. Resuspend the wall material in 0.09 M Tris-HCl, 
pH 7.0, containing 1 mM MgCls, 0.2 mM dithiothreitol. 

>. Add RNase A (5 Kunitz units/m)) and DNase 1 
(50 Kunitz units/ml) and incubate at 37°C for 3 Nn. 

3. Remove the wall materia! by centrifugation, wash 
three times in the Tris buffer, and resuspend in the 
same buffer. 

4. Add pronase (protease type XIV, Sigma) previ- 
ously heated as a 10 mg/ml solution in Tris buffer for 
2h at 60°C, to the final concentration at 100 pg/ml 
and incubate at 60°C for 1h. 

5. Recover the pure walls by centrifugation at 
48 000 g for 15 min, wash four times with water, and 
hyophilize. 


Determination of amino acid composition of 
peptidoglycan 


1. Hydrolyse peptidoglycan in 4M HCl at 100°C 
for 16h ina screw-capped reaction tube. Hydrolysis 
under vacuum OF nitrogen enhances recovery. Acid !s 
removed as described above for the determination of 
DAP isomers. 
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2, Samples are analyzed by two-dimensional thin- 
layer chromatography. Elution in the first dimension 
is carried out using isopropanol:acetic acid:water 
(75:10:15 v/v). After thorough drying in air at room 
temperature, the plate is run in the second dimension 
in 2-methylpyridine:25% NH,OH:water (70:2:28 v/v). 
Amino acids are detected with ninhydrin as described 
for the DAP procedure. An example of a chromatogram 
is shown in Schieifer & Seidl (1985). A mixture of 
standard cell-wall amino acids should be chromato- 
graphed on a separate plate at the same time. 


Determination of whole-organism sugars 
(based on Staneck & Roberts 1974) 


Whole-organism hydrolysis 


1. Hydrolyse dried bacteria (up to 50 mg) ini mi 1M 
HCI at 100°C for 2h in a screw-capped reaction vial 
or tube. 

9. After cooling, add a saturated solution of barium 
hydroxide and adjust the pH to 5.2-5.5. The resultant 
precipitate and remaining barium hydroxide are re- 
moved by centrifugation and the supernatant by rotary 
evaporation oF under vacuum. The addition of a little 
ethanol prevents foaming during evaporation. 

3. Dissolve the residue in 0.3 ml distilled water. 


Thin-layer chromatography 


1. Apply each sample (1 iI) to the baseline of a 
TLC plate (e.g. Merck No. 5716) which !s developed 
in n-butan-1 -ol:water:pyridi ne‘toluene (10:6:6:1 viv) for 
about 4 h. 

2. Sugars are visualized by spraying chromato- 
grams with aniline phthalate reagent (3.25 9 phthalic 
acid in 100 ml water-saturated r-butan-1-ol and 2 mi 
aniline), air-drying and heating at 100°C for 4 min. 


Hexoses appear as yellowish-brown spots, pentoses 
as maroon spols and 6-deoxy sugars as grey-green 
spots. Af values increase in the following order: galac- 
tose, glucose, mannose, arabinose, xylose, fucose, 
ribose, rhamnose and 6-deoxytalose. A mixture of 
these sugars (0.1% w/v for each sugar) should be used 
as standard. Madurose (3-0-methyl-o-galactose) gives 
almost the same Rf value as xylose but unlike the latter 
gives a yellowish-brown as opposed to a maroon spot. 


Detection of mycolic acids 


Acid methanolysis procedure (based on 
Minnikin et al 1975) 


4. Mix dried bacteria (10-30 mg) with 3 ml dehydrated 
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methanol:toluene:concentrated H,SO, (6:3:0.2 v/v) in 
a 20 mi Pyrex tube fitted with a PTFE-lined screw- 
cap and aliow methanolysis to proceed at 75°C for 
16h. 

é. After cooling to room temperature, add 2 mi 
hexane and extract mycolic acid methyl esters by 
Shaking vigorously for 5 min. 

3. Transfer the upper phase to an Eppendorf tube 
and store at 4°C until required.: 3 


Thin-layer chromatography 


1. Spot 10 ul of extract (5mm in diameter) onto 
thin-layer plates with Merck Silica Ge! H while drying 
with @ hairdryer. Spot extracts from other organisms 
and controls (e.g. extracts of killed cells of Coryne- 
bacterium diphtheriae, Gordona bronchialis, Myco- 
bacterium tuberculosis, Rhodococcus rhodochrous, 
Tsukamurella paurometabola) 0.5—1 cm apart. 

2. Develop chromatograms _ in petroleum ether 
(b.p. 60-80°C) ‘diethyl ether (85:15 v/v) until the mobile 
phase is near the top of the plate, 

3. Spray-dry plates with 10% ethanolic: solution 
of phosphomolybdic acid and heat at 150°C until 
bDluish-black spots appear against a green background. 


Compare the results with the unknown organisms 
against the controls. The components with Rf values 
of 0.1-0.5 correspond to methyl esters of mycolic acids 
whereas those with higher Rf values (0.8-1.0) mainly 
correspond to methyl esters on hon-hydroxylated fatty 
acids. All spots, with the exception of those corre- 
Sponding to the mycolic acids, are removed when 
chromatograms are washed in methanol:water (5:2 v/v). 
The Rf values of organisms giving single mycolic acid 
Spots (Hamid et al 1993) increase in the following order: 
corynebacteria, thodococci, nocardiae, gordonae and 
tsukamurellae, Most mycobacteria give a multispot 
pattern. 


METHODS FoR DETECTION OF KEY 
PHENOTYPIC MARKERS 


Tests for distinguishing fermentative 
actinomycetes 


Aesculin h Ydrolysis 


Place commercially prepared discs (Becton Dickinson, 
25024) on inoculated brain heart infusion agar (BHIA) 
plates and incubate at 37°C. Adeep brown-black colour 
in discs after incubation for 4 days indicates a positive 
result, 
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Catalase 
A freshly prepared solution of hydrogen peroxide in 


" water (3% v/v) is added to 7-day-old BHIA slants. Look 


for active production of oxygen bubbles. Anaerobically 
grown strains should be left exposed to air for an 
hour before testing. 


Gelatin h ydrolysis 


Preparation of Frazier’s reagent. Mix mercuric 
chloride (12g) with distilled water (80 ml), add con- 
centrated HCI (16 mi) and shake well until solution is 
complete. | 

Procedure. Flood 14-day-old Cultures, incubated 
at 37°C on a basal medium (Oxoid Antibiotics 3 broth, 
CM 287, with 15 g Oxoid No. 4 agar/litre) supplemented 
with gelatin (0.4% wy, PH_7.4) with Frazier’s reagent 
and examine for clear areas indicating the breakdown 
of gelatin. 


Haemolysis of sheep blood 


Inoculated BHIA plates supplemented with sheep blood 
(0.5% v/v) are examined for B-haemolysis after 7 and 
14 days. 


Miniaturized system for testing acid 
Production from carbohydrates 
(Schaal 1992) 


Basal medium 


Thioglycollate broth without glucose or indicator (fluid 
thioglycollate medium, BBL), supplemented with yeast 
extract (0.2% w/v). 


Preparation of carboh ydrate-containing filter 
Paper discs 


Sterile biank filter paper discs (BBL) are soaked in 
3% solutions of the test Carbohydrates (filter-sterilized 
under aseptic conditions) and lyophilized, 


Test procedure 


The test strain js pre-cultured for 4~7 days at36+1°C 
on BHIA. Growth from the resultant culture is sus- 
pended in the basal medium using a platinum loop ora 
Sterile spatula with care taken not to carry over any 
agar particles, Strains with colonies that adhere fi rmly 
to the agar surface should be grown on membrane 
filters. The Suspensions are homogenized using a 
Vortex mixer after addition of a few sterile glass beads 
to the tube. 
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Two or three drops of the densely turbid suspension 
are added to each well of a microtitre tray with a flat 
bottom, or of an original Minitek tray already containing 
one of the sugar-impregnated discs. The trays are 
then covered with plastic tape or the cover used in 
the Minitek system and incubated for 2-3 days in an 
anaerobic jar at 36 + 1°C. When plastic tape is used 
for sealing the wells, it should be perforated with a 
sterile injection needie over each of the wells in order 
to allow gaseous exchange. After incubation, acid 
production is demonstrated by adding a drop of a 
0.2% (wiv) solution of bromothymol blue. Acid pro- 
duction is indicated by the indicator turning yellow; 
when the carbohydrate has not been fermented, the 
colour of the indicator is usually green but may be 
blue-green or blue. 


Determination of nitrate and nitrite 
reduction, and urease and arginine 
dihydrolase activities (Schaal 1992) 


Basal medium 


Bacto peptone (Difco), 5g; yeast extract (Difco), 3 g; 
glucose, 0.59; K,HPO,, 2g; agar, 0.6 g; make up to 
1 litre with distilled water. 


Test procedure 


Filtered solutions of the test substrates are added to 
the basal medium to give the following final concen- 
trations (% w/v): arginine, 0.5; sodium nitrate, 0.1; 
sodium nitrite, 0.005; and urea, 0.5. 

The solutions of the test substrates in the basal 
medium are pipetted into the wells of microtitre plates 
in volumes of 0.15 ml. Inoculation is carried out with 
suspensions of the test strains in the basal medium 
lacking agar. After inoculation, the wells are sealed 
with plastic tape, perforated as described earlier. After 
incubation for 3-4 days, the formation (nitrate reduc- 
tion) or the disappearance (nitrite reduction) of nitrite 
is determined by adding a drop of nitrite reagent (8.0 g 
sulphanilic acid + 1000 ml 5N acetic acid and 5.09 
a-naphthylamine + 1000 ml 5 N acetic acid, mixed in 
equal amounts immediately before use). The presence 
of nitrite is indicated by the development of a brick-red 
colour immediately after addition of the reagent. The 
failure of colour to develop in the nitrate reduction 
test means that the organism has either not reduced 
nitrate or has reduced both nitrate and nitrite. In order to 
distinguish between these two possibilities, a trace of 
fine granular zinc is added to the well. If a red colour 
develops, nitrate is still present and the test is negative. 
if the well remains colourless, the test is positive for 
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both nitrate and nitrite reduction and should correspond 
to the result of the special nitrite reduction test. If a red 
colour develops in this latter test, nitrite is still present 
and has not been reduced (test negative). If colour fails 
to develop, nitrite has been reduced completely and 
is no longer present in the test medium (test positive). 

Deamination of arginine and urease activity are 
determined by detection of the ammonia released into 
the medium when the tests are positive. The presence 
of ammonia is detected by adding 1—2 drops of Nessler’s 
reagent to the wells when a heavy, dark yellow/ochre 


- precipitate forms immediately. Slowly developing pre- 


cipitates may be derived from other ingredients of 
the test medium and should be considered as negative 
results. 


Tests for distinguishing oxidative 
actinomycetes 


Degradation tests 


The decomposition of casein (1% skimmed milk w/v), 
elastin (0.3% w/v), hypoxanthine (0.4% w/v), testosterone 
(0.1% w/v), tyrosine (0.5% w/v), uric acid (0.5% w/v) 
and xanthine (0.4% w/v) can be detected in a rich 
basal medium such as modified Bennett's agar (yeast 
extract, 19; Lab Lemco, Oxoid L29, 0.8g; Bacto 
Casitone, Difco, 2 g; glycerol, 10 g; agar, 18 g; distilled 
water 1 litre, adjust to pH 7.2), Care needs to be taken 
to ensure an even distribution of the insoluble com- 
pounds in the cooled, molten basal medium prior to 
pouring plates. The latter should be heavily inoculated 
and observed for the disappearance of the insoluble 
compounds from around and under areas of growth 
for up to 3 weeks at 30°C. 


Nitrate reduction 


inoculate nitrate broths (peptone, 5g; Lab Lemco 
(Oxoid), 2.4.g; potassium nitrate, 19g; distilled water, 
1 litre; pH 7.0; autoclave at 121°C for 20 min) and incu- 
bate for up to 21 days at 30°C. Test far nitrate reduction 
using nitrite reagent as described for fermentative 
actinomycetes above. 


Resistance to 5-fluorouracil 

Inoculate Mueller-Hinton agar supplemented with 
5-fluorouracil (20 g/ml) and examine for growth after 
14 days at 37°C. 

Sensitivity to penicillin 


Place commercially prepared penicillin discs (10 inter- 
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' national units; Oxoid) on lawns on modified Bennett's 
agar; incubate at 30°C for up to 14 days and examine 
for zones of inhibition around the discs. 


Sole carbon sources (Boiron et al 1993) 


Inoculate onto basal medium (KH,PO,, 0.5g; 
MgSO,.7H20, 0.59; (NH,)2SO,, 2.64g; agar, 20g; 
distilled water, 1 litre) supplemented with sole carbon 
source (0.5% w/v; 0.9% v/v) and incubate at 37°C for 
14 days. Growth or absence of growth is revealed by 
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Enterobacteriaceae: Escherichia, Klebsiella, 


Proteus and other genera 


Pamela B. Crichton 





Some members of the family Enterobacteriaceae are 
found frequently on the external and internal surfaces 
of man and in his environment. These species may 
act as opportunistic pathogens to cause a wide variety 
of infections in parts of the human body where there 
is some abnormality or impairment of host defences. 
In many cases the precise species identification of 
the infecting organism is considered of little clinical 
relevance and, rather than send a late report to the 
clinician after completing a lengthy identification 
procedure, many bacteriologists prefer to name such 
an isolate by the vernacular term ‘coliform bacillus’. 

On the other hand, severely debilitated or immuno- 
compromised hospital patients such as the very 
young, the elderly or those with underlying disease 
are highly susceptible to infection with opportunistic 
enterobacteria, especially after invasive procedures 
such as surgery or catheterization. Because infecting 
strains from the hospital environment may be resist- 
ant to a broad spectrum of antibiotics, their detection 
and identification is of great importance, not only 
for the care of individual patients but also for the 
surveillance of infections throughout the hospital. 

Similarly, infections caused by gastrointestinal 
pathogens in the genera Salmonella, Shigella and 
Escherichia must be recognized and notified to 
Community Medicine Specialists so that measures 
can be taken to trace sources and prevent further 
infections in the community. 


ENTEROBACTERIACEAE 


Definition of the family 


Members of the Enterobacteriaceae are Gram- 
negative, non-spore-forming bacilli that grow both 
aerobically and anaerobically on ordinary laboratory 
media, including MacConkey’s lactose bile-salt agar, 
and conform to the following definition: they are 
oxidase negative and catalase positive; they ferment 


glucose and other carbohydrates in peptone water 
with the production of acid or acid and gas; they 
reduce nitrates to nitrites; and are either motile with 
peritrichous flagella or non-motile. Most strains of 
most species bear adhesive fimbriae of one or more 
different types (Duguid & Old 1980). The few 
exceptions to the definition will be noted below. 


Recognition of Enterobacteriaceae 


As the first stage in their laboratory identification, 
enterobacteria must be distinguished from other 
Gram-negative bacilli that are commonly recovered 
from clinical material. In some cases this is easily 
achieved (e.g. with species of Haemophilus, which 
have defined nutritional requirements, and Bacter- 
vides, which are strict anaerobes); other Gram- 
negative bacilli that grow readily on simple media 
incubated in air may be more problematic. However, 
a rapid oxidase test (see Ch. 7) is enough to distin- 
guish members of the Enterobacteriaceae from 
those of some genera (e.g. Alcaligenes, Aeromonas, 
Pseudomonas) with which they may be confused. 
Other Gram-negative bacilli (e.g. Acinetobacter), 
though oxidase negative, do not ferment carbo- 
hydrates and thus do not conform to the definition 
of the family (Table 20.1). 


Classification of Enterobacteriaceae 


In recent years the application of new and computer- 
based technologies, such as numerical taxonomy 
and DNA hybridization, has revealed previously 
unrecognized relationships among groups of Entero- 
bacteriaceae and resulted in numerous changes in 
classification. For example, compared with the 26 
species recognized in 1972 (Edwards & Ewing 1972) 
there are now over 80. Some species have been 
assigned to new genera, and new species have been 
categorized in established genera. The discovery of 
additional bacteria conforming to the definition of 
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Pseudomonas + - '4,22 2 + 


the family has further increased the taxonomic 
complexity. 

Three systems of nomenclature have been pro- 
posed: (1) that published in Bergey’s Manual of 
Systematic Bacteriology (Brenner 1984) which classi- 
fies the family into 20 genera and over 70 species; 
(2) that of Ewing (1986) which divides the family 
into 21 genera and 75 species; and (3) that of Farmer 
& Kelly (1991) which groups members of the family 
into 26 genera, 86 named species and 8 enteric 
groups. Ihe three systems provide similar, though 
not identical, classifications and any major discrep- 
ancies will be noted below. Outdated names will be 
mentioned only for clarification. 

Although DNA re-association data may serve as 
the ultimate reference for bacterial classification, they 
aré not available to the diagnostic bacteriologist 
who needs easily observed phenotypic characters 
by which to make timely identification of clinical 
isolates. 


Identification of genera and species 


Individual enterobacterial bacilli are, typically, c, 2-4 
x 0.6 1m. They grow as relatively large (2-3 mm 
diameter), low convex, grey, smooth or mucoid 
colonies on nutrient agar or horse blood agar, on 
which some strains may show haemolysis with zones 
of clearing around colonies, A ‘swarming’ film of 
growth across the agar surface indicates a motile 
organism that is probably a species of Proteus. Pink 
colonies on MacConkey’s agar (Ch. 5) or deoxy- 
cholate citrate agar (DCA; Ch. 21) indicate that the 
organism ferments lactose, a characteristic that is 
of great practical importance in the primary isolation 
of pathogenic enterobacteria from cases of gastro- 
enteritis, This single characteristic makes possible 
an immediate presumptive distinction between colo- 
nies of the intestinal commensals of various genera 
which ferment lactose, and those of the intestinal 
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pathogens Salmonella, Shigella and Yersinia, which do 
not ferment lactose and thus grow as pale colonies, 

However, identification of species in the family 
depends not on any single characteristic but on the 
presence or absence of a spectrum of chromosomally 
encoded enzymes which metabolize different sub- 
strates. Each substrate, along with an indicator 
of its metabolism, can be incorporated into a test 
medium and the biochemical profile resulting from 
a carefully chosen set of tests indicates the identity 
of the unknown organism, which must always be 
tested in pure culture. It is important to realize that 
certain strains within a species may give an occasional 
atypical result (e.g. 3% of strains classified as Klebsiella 
oxytoca do not ferment lactose (see Table 20.2). 

Biochemical tests used widely for identifying 
enterobacteria are shown in Tables 20.2-20.13. De- 
tails of media and methods for performing these 
tests are given in Chapter 7. The use of commercial 
identification systems is considered in the final 
section of this chapter below. 

Within biochemically defined species, further 
subdivision into ‘types’ may be made for local or 
national epidemiological purposes on the basis of 
surface antigens or other characteristics. Although 
much is known about the antigenic composition of 
many genera of Enterobacteriaceae (Ewing 1986), 
only a limited number of antisera, generally those 
for the identification of intestinal pathogens of the 
genera Salmonella and Shigella and certain types 
of Escherichia coh, are available from commercial 
sources in Britain. 


Distinguishing features of genera 


Important features of the established genera of 
Enterobacteriaceae will be discussed first. Despite 
the plethora of new species that have been classified 
during the last 15 years (see below), it is important 
to realize that these will rarely, if ever, be seen; 99% 
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Test/substrate* 

Species lac mot gas ind VP __ cit PDA ure lys HS 

Escherichia coli + + + + - - _ _ + + 
Shigella groups A, B, C - _ - + - — - = _ = 2 
Sh. sonnei - - _ ~ “ - = _ as + 
Salmonella (most serotypes) — +> + - - + ~ + + = 
Salmonella typhi - + = - - = - + + _ 
Salmonella paratypii A _ + + - —_ r- = -_ = “= oe 
Citrobacter freundii Rs + + = = + - + - + _ + 
C. koseri + + + + - + _ + o - ws + 
Klebsiella pneumoniae + a +++ _ + + - + + + + 
K. oxytoca + - ++ + + + ~ + 4 + + 
Enterobacter aerogenes + . ++ - + + = = + - + ” 
Ent. claacae + - + - + + ~ + si - jet + 
Hafnia alvei = + + + - — - + - - + 
Serratia marcescens” _ + + - 4+ 4 _ = * 7 + + 
Proteus mirabilis = + + - + x + ++ — + - ~ 
FP vuigaris - + + + ~ —" . © ++ - + - - 
Morganella morgan! . om + + + - ~ + ++ ea + = 7 
Providencia rettger _ + - + - + + +4 = + = 
Prov. stuartii - + + - + 4 + - ” be = 
Prov, alcalifaciens - + + _ + + -- = = - . 
Yersinia enterocolitica‘ ~ - + ~ we = + - = + + 
Y. pestis - - - — - - - - - = i - 
Y, pseudotuberculosis - - - - ~ - - nt “a - re + 





| Table 20.2. Distinguishing reactions of the commoner and pathogenic Enterobacteriaceae (Farmer etal i985a) 
Key. +,285% of strains positive; 785% of strains négative; +, 16-84% of strains positive, after 24—48.h at 36°C: Key 
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* Lac, inos, fermentation of lactose, inositol; mot, motility; gas, gas from glucose; ind, indole production; VP, Voges—Proskauer; 
cit, citrate utilization (Simmons'); PDA, phenylalanine deaminase; ure, urease; lys, lysine decarboxylase; H.S, H»S produced in 
TSI agar; ONPG, metabolism of o-nitropheny|-f-o-galactopyranoside. 


’ Some strains of Serratia marcescens may produce a red pigment. 


© Yersinia are motile at 22°C. 





or more of the enterobacteria recovered in any clini- 
cal laboratory belong to about 20 species (Farmer 
et al 1985a). The biochemical reactions by which 
these common species can be recognized are shown 
in Table 20.2 (key reactions are in bold type). 

It is worthwhile remembering the following key 
biochemical features of the species of some important 
genera. 


1. Non-motile at 36°C (Methods, Ch. 7): species 
of Shigella, Klebsiella, Yersinia. 

2. Anaerogenic (no gas from glucose; Ch. 7): 
species of Shigella, Yersinia. 

3. Voges—Proskauer positive (Ch. 7): species of 
Klebsiella, Enterobacter, Hafnia, Serratia, Pantoea, 
Cedecea. 

4, Phenylalanine deaminase positive (Ch. 7): spe- 
cies of Proteus, Providencia, Tatumella; Morganella 
morganii. 

5. Hydrogen sulphide producing (Ch. 7): Cztrobacter 
freundii; Edwardsiella tarda; Salmonella; species of 
Enterobacter and Proteus. 
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The clinically important genera Salmonella, Shigella 
and Yersinia are discussed in detail in Chapters 21, 
22 and 28. 


GENUS ESCHERICHIA 
All strains of Escherichia are methyl-red positive and 
ferment D-mannitol and D-mannose; they do not 
ferment meso-inositol; they give negative reactions 
in the Voges—Proskauer, phenylalanine deaminase 
and gelatin hydrolysis tests (Ch. 7); they are generally 
urease negative; they do not produce H,S in triple- 
sugar-iron (TSI) agar (Ch.7) or grow in KCN 
medium (Ch. 7). Most strains form gas from glucose. 


Cultural characters 


Most strains of Escherichia coli can grow on simple 
laboratory media containing glucose as the sole 
carbon source. The optimal growth temperature is 
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36-37°C, though growth occurs over a fairly wide 
temperature range (18-44°C). Most strains recov- 
ered in the clinical laboratory ferment lactose and 
thus grow as smooth, glossy, pink. colonies on 
MacConkey’s agar. They grow as yellow colonies 
on cystine lactose electrolyte-deficient (CLED) agar* 


or xylose lysine deoxycholate (XLD) agar (Ch. 21), 


useful media for the routine culture of urine and 
faeces specimens, respectively (see Ch. 4). Growth 
is inhibited by citrate on deoxycholate citrate agar 
(DCA) —- any colonies that do grow are pink and 
opaque — and by sodium selenite, sodium tetra- 
thionate, brilliant green and other substances present 
in media that are selective for Salmonella and Shigella 
(Ch. 21). A minority of strains are capsulate, forming 
mucoid colonies on solid media. 

At least 80% of strains are motile, though some- 
times only weakly, on primary isolation; many of 
these strains show ‘fans’ of growth outwards from 
points on stab inocula in tubes of semi-solid agar 
incubated at 36°C (Ch. 7). They are usually easy to 
recognize by their reactions in a small number of the 
tests shown in Table 20.2; those for indole, citrate, 
urease, gas production, lysine decarboxylation and 
mannitol fermentation are helpful (Ch. 7). Almost 
all strains possess the enzyme §-glucuronidase* 
which cleaves the substrate 4-methy] umbelliferyl-B- 
D-glucuronide (MUG) to produce the fluorescent 
end-product methylumbelliferone which is detect- 
able in long- or short-wave ultraviolet hight (MUG 
hydrolysis test*). 

Contrasting with the typical, biochemically active 
types, some strains are lactose non-fermenting, non- 
motile, anaerogenic and biochemically inactive, like 
shigellae (Table 20.2). It is not surprising that the 
distinction between E, coli and Shigella may some- 
times be difficult because DNA re-association studies 
have shown that they belong to one and the same 
species (Brenner et al 1972a), sharing biochemical 
as well as antigenic characters (Rowe et al 1976), 


Serological analysis 


£. cok comprises many serotypes, combinations of O 
(cell-wall lipopolysaccharide), H (flagellar protein) 
and K (capsular polysaccharide or envelope) anti- 
gens, which are identified in tests with antisera raised 
against 173 O antigens, 56 H antigens and more than 
100 K antigens (Ewing 1986, Holmes & Gross 1990), 

Commercially available antisera, limited mainly to 
those for identifying the O serogroups of intestinal 
pathogens, are tested for agglutination with saline 


“Refer to Methods at the end of this chapter. 
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suspensions of pure cultures that have been boiled 
to remove any ‘masking’ antigen on the surface of 
the bacteria (see Ch. 21). The ability to identify at 


least two of the different surface antigens, necessary 


for meaningful recognition of individual strains, is 
restricted to reference laboratories that are able to 
prepare a wide range of antisera. 

Serological tests have enabled associations to be 
made between certain O or O:H groups of FE. coli 
and specific human diseases. For example, recogni- 
tion of the prevalence of strains of Ol, 02, 04, 06, 
O9 and O75 in cases of pyelonephritis led to the 
discovery of P fimbriae which adhere to specific 
receptor molecules on urinary-tract epithelial cells. 
Examples of O groups associated with diarrhoeal 
disease are shown in Table 20.3. 


_ Other typing methods for E. coli strains 


Because of the limited range of antisera available 
in the small laboratory, other typing techniques are 
needed for local epidemiological studies involving 
E. coli, One of the easiest and least expensive to per- 
form is ‘biotyping’, in which strains are distinguished 
by their reactions in a range of biochemical tests 
selected on the basis of their ability to provide reli- 
able biotype discrimination (Crichton & Old 1982, 
Crichton et al 1993). For optimal strain discrimina- 
tion, a combination of two or more typing techniques 
is recommended. Many other methods (summarized 
by Holmes & Gross 1990) are of more limited value 
in small laboratories, either because reagents are not 
readily available or because strains may not always 
be typable. 

The application of electrophoretic methods has 
allowed discrimination of strains within E. col; and 
many other species of Enterobacteriaceae by analysis 
of their plasmids (Gross et al 1985), their outer 
membrane proteins (Achtman et al 1983) or their 
DNA restriction fragments (Owen 198 9). Interpreta- 
tion of results of the latter may be simplified by 
hybridizing with a labelled DNA probe (e.g. that 
encoding part of the 16S ribosomal RNA gene) to 
highlight specific fragments containing homologous 
DNA sequences. 


E. coli in human infections 


E. coli is one of the most important members of 
the Enterobacteriaceae. Strains are predominant 
among the aerobic commensal bacteria in the healthy 
human intestine and are thus an indicator of faecal 
pollution in water supplies (see Ch. 51). 

From their normal site in the human body they 
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are able to cause frequent opportunistic infections: 
they are often present in appendix abscesses (in con- 
junction with anaerobes), peritonitis, cholecystitis 
and septic wounds; they cause bacteraemia and endo- 
toxic shock, and occasionally meningitis in neonates; 
and they are often present in the lower respiratory 
tract, especially in surgical or otherwise debilitated 
patients who are being treated with ‘antibiotics to 
which they are resistant. 

They are the commonest cause of uncomplicated 
infections of the lower urinary tract (cystitis) and 
certain strains are endowed with a combination of 
characteristics promoting colonization and infection 
of the upper tract, thus causing pyelonephritis 
(Hagberg et al 1981). An increasing number of strains 
are recognized as primary gastrointestinal pathogens. 


E. coli strains as primary intestinal 
pathogens 


Strains of E. colt that are primary intestinal pathogens 
of man will be described in four groups (Gross 1991, 












E. coli adherence factor; FAS; fluorescence actin staining. 
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E. coli strain, type O serogroups 








Enterotoxigenic (ETEC) 6, 8, 15, 25, 27, 63, 


- == 





Enteroinvasive (EIEC) 


143, 144, 152, 164 in all ages 


(VTEC) of less importance) 


2 


Enteropathogenic (EPEC) 18, 26, 44, 55, 86, 
111, 114, 119, 125, 
126, 127, 128, 142 





rarely adults 


Table 20.3 ee ae of Escherichia coli with ditsitices! disease “i 
Key: HC, haemorrhagic colitis; HUS, haemolytic uraemic syndrome; LT, heat-labilé toxin: ST, heat-stable toxin; VT, Vero cytotoxin; 
ELISA, enzyme-linked immunosorbent assay; RIA, radioimmunoassay; eae, E. coli ard and effacing; EAF, enteropathogenic 


IE —_—-——-- 


Associated disease 





Infant and adult walery 
78, 115, 148, 153, 159 = diarrhoea in third world, 
travellers’ diarrhoea 


28ac, 112ac, 124, 136, Dysentery-like disease 


Vero cylotoxin-producing 157 (and many others Bloody diarrhoea in 
all ages, HC, HUS 


Diarrhoea in infants, 


Raj 1993) according to their pathogenic mechanisms 
and corresponding clinical syndromes (Table 20.3). 


Enterotoxigenic E. coli 


Enterotoxigenic £. coli (ETEC) strains cause an acute 
watery diarrhoea, sometimes of cholera-like severity, 
in developing countries, where they are responsible 
for much of the mortality associated with diarrhoea 
in children under 5 years. They are also a common 
cause worldwide of diarrhoea in travellers from 
temperate areas of good hygiene to, mainly, warm 
countries with poorer hygiene. 

ETEC ‘strains produce heat-labile enterotoxin 
(LT) or heat-stable enterotoxin (ST) or both. In ad- 
dition, they form specific adhesive fimbrial proteins 
that promote attachment to specific receptors on 
the intestinal epithelium. Although enterotoxin pro- 
duction is plasmid encoded and, thus, theoretically 
transferable to any strain of E. coli, the distribution 
of ETEC among different O serogroups is not 
random (Table 20.3). 
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Pathogenesis Strain identification 


Provisional typing with 
specific antisera 
Definitive: demonstration of 
toxins in tissue culture, by 
latex particle agglutination 
or ELISA (LT), RIA (ST) 


ee 


LT ano/or ST; 
specific adhesins 


Epithelial cell 
invasion 





Provisional: Recognition of 
atypical biochemistry, typing 
wilh specific antisera, 
invasion plasmid probe 
Definitive: HeLa or HEp-2 
cell invasion assay 
VT1 and/or VT2 Provisionat, Recognition of 
atypical biochemistry, typing 
with specific antiserum/latex, 
VT1 and VT2 probes 
Definitive. demonstration of 
VT1 and/or VT2 in Vero cells 
Various unknown; ‘Provisional: typing with 
attaching-effacing specific antisera, eae and 
lesion EAF probes 
Definitive: FAS, 
demonstration of adhesins 
in HeLa and HEp-2 cell 
assays 


——_—_— — ———— -_ _  -« 
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Because ETEC strains are unlikely to be the 
cause of outbreaks of diarrhoea in Britain, they are 
not usually sought in specimens submitted to UK 
diagnostic laboratories. However, if no other enteric 
pathogen can be demonstrated in an outbreak, the 
predominant E. coli strain isolated from patients’ 
faeces may be serotyped and tested for L'T and ST 
production at a reference laboratory. Detection 


methods have been reviewed by Germani (1986). 


Commercial kits for detection of LT and ST in cul- 
ture filtrates or supernatants by reverse Passive latex 
agglutination and enzyme immunoassay, respectively, 
are now available (Unipath). 


Enteroinvasive E. colj 


Enteroinvasive strains of E. cols (EIEC), like those 
of: Shigella species, can penetrate the epithelial cells 
of the large intestine and multiply intracellularly, 
giving rise to blood and mucus in the stool. EIEC 
cause about 5% of all cases of diarrhoea in areas of 
poor hygiene. In the UK and USA, outbreaks have 
occurred in schools and in hospitals for the mentally 
handicapped. 

Invasive strains of E. coli often resemble Shigella 
in their biochemical reactions and contain a large 
(140 MDa) plasmid. The Sereny test of entero- 
_ invasive potential, carried. out in the guinea-pig, 
has been superseded by tissue-culture and DNA 
hybridization methods (Scotland et al 1985), 


Vero cytotoxin-producing (en terohaemorrhagic) 
E. coli 


Vero cytotoxin-producing, also termed entero- 
haemorrhagic E. coli (VTEC/EHEC) strains have 
been associated in Britain and North America with 
mild to bloody diarrhoea that is clinically important 
because it may precede a severe, distressing, haemor- 
rhagic colitis (Johnson et al 1983) or haemolytic 
uraemic syndrome (HUS; Karmali et al 1983). HUS 
occurs in all age groups but is more common in 
children, in whom it is a cause of acute renal failure. 

VTEC strains produce one or both of two Vero 
cytotoxins (VI'l and VT2). VT1 is similar physically, 
biologically and anugenically to the Shiga toxin of 
Shigella dysenteriae type 1 and is sometimes called 
Shiga-like toxin (SLTI). VT1 and VT2 (SLTITD) are 
antigenically distinct. 

Although many different serotypes of EF. coh are 
known to produce Vero cytotoxin (Smith & Scotland 
1988), those of 0157:H7 and O157:H™ are so far 
the most common types causing human infections. 
Unpasteurized milk and food, especially improperly 
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cooked hamburgers, have been identified as impor- 
tant vehicles in North America. 

At present, the most practical laboratory approach 
for the diagnosis of VTEC infection is the examj- 
nation of stools from patients with bloody diarrhoea 
or HUS for E. coli O157.* Specimens from patients 
involved in outbreaks of diarrhoea where no 
other recognized enteropathogen has been identified 
should also be investigated for E. coli 0157. 

VTEC 0157 strains have seyeral unusual bio- 
chemical characters that are exploited in methods 
for their laboratory identification. They belong to 
the minority of E. coli that are f-glucuronidase nega- 
ve and do not ferment sorbitol or rhamnose within 
24h. They can be isolated from faecal specimens 
plated on MacConkey agar.containing D-sorbitol 


(1% w/v) instead of lactose (SMAC),* Cefixime _ 


(0.05 mg/litre; Cyanamid) and rhamnose (0.5% w/v) 
may be added to the basic SMAC to improve its 
selectivity for E. coli 0157 (Chapman et al 1991), 
Individual pale, sorbitol! (and rhamnose) non- 
fermenting colonies are verified as E coli O157 by 
biochemical and serological tests.* Care is needed 
to exclude Escherichia hermanti which may give posi- 
tive serological results with 0157 antiserum but 
does not produce VT; and to avoid discarding bio- 
chemically atypical (e.g. urease positive) strains of 
VTEC 0157, Sorbitol-fermenting variants of VTEC 
O157 (Karch et al 1993) cannot be recognized by 
this method. 

Cultures identified as E. coh 0157 should be 
sent to the reference laboratory for verification of 
Vero cytotoxin production by DNA-hybridization 
and tissue-culture methods and for phage typing. 

When culture of faeces from patients with haemor- 
rhagic colitis or HUS is unsuccessful, evidence of 
infection with E. coli 0157 may be obtained at the 
reference laboratory by examining patients’ sera for 
antibodies raised against 0157 lipopolysaccharide 
(Chart 1993), Alternatively, faecal specimens may 
be sent for colony hybridization with VT probes 
to identify VTEC of groups other than 0157. An 
immunomagnetic bead procedure (Dynal) has been 
found to be more sensitive than direct culture for 
isolation of E. coli 0157 from faeces (Chapman et al 
1994). 

All VTEC identified in reference laboratories are 
O:H serotyped. Typing results provide a guide to 
the relative importance and relatedness of different 
strains and are helpful for detecting sources of 
infection. 

For a comprehensive account of isolation and iden- 
tification methods for VTEC, see Smith & Scotland 
(1993). 
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Enteropathogenic E. coli 


Enteropathogenic E. coli (EPEC) strains are now of 
relatively minor importance in countries with good 
hygiene, but still cause sporadic cases and outbreaks 
of diarrhoea in communities with poor hygiene. 
EPEC strains associated with outbreaks of infectious 
diarrhoea are identified serologically. It is not re- 
commended that sporadic cases of possible EPEC 
infection are investigated in this way. 

The category EPEC encompasses strains that 
cause diarrhoea by diverse mechanisms and is best 
confined to those that do not produce ST, LT or 
VT and are not invasive. Three patterns of adhesion 
to HEp-2 or HeLa cells, localized, aggregative and 
diffuse, have been described for EPEC strains previ- 
ously defined by serogrouping (polyvalent E. colz 
O antisera are available from Murex or Pro-Lab). In 
the localized type of adhesion, which causes an 
attaching and effacing lesion, actin filaments concen- 
trated under the adhering bacteria can be detected 
by fluorescence actin staining: in the presence of 
actin, fluorescein-labelled phallotoxin gives intense 
spots of fluorescence that can be seen by microscopy 
(Knutton et al 1989). Reference laboratories may 
also detect EPEC strains by means of eae (E. cols 
attaching and effacing) and EAF (EPEC adherence 
factor) gene probes (Jerse et al 1990, Smith et al 
1990). 


Other species of Escherichia 


A further four species of Escherichia are now re- 
cognized, E. ferguson includes a group of motile, 
lactose-non-fermenting strains (Farmer et al 1985a) 
that have been isolated from faeces and other speci- 
mens but is of unknown clinical significance. E. 
hermanii, which has been isolated from wounds, 
sputum and stools, includes motile strains that fer- 
ment cellobiose, grow in KCN and form a yellow 
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# Lac, adon, cell, mel, sorb, fermentation of lactose, adonitol, 


’ Gommon clinical isolate. 
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Table 20.4 ‘Distinguishing reactions of Escherichia species (Farmer et al 1985a).” ss OT ei Pe ee 
Key: +,285% of strains positive; —,+ 85% of strains negative; + 16-84% of strains positive after 24-48 h at 36°C. 








Test/substrale* 
Species lac ind mal lys orn 
E. coli” + + - +4 + 
E. fergusonil - + + + + 
E. hermanii + + - ~_ + 
E. vulneris - — + + - 
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pigment. It may agglutinate with E. coh 0157 anti- 
serum and thus give problems when attempting to 
isolate VTEC from faeces. E. vulneris, which differs 
from E. coli in indole, malonate and cellobiose reac- 
tions, has also been isolated from infected wounds 
and blood. There is no evidence that E. blattae, which 
has been isolated mainly from the gut of the cock- 
roach, can cause infection in man. It ts therefore 
excluded from Table 20.4 which shows the bio- 
chemical reactions for distinguishing the other 
species of Escherichia. 
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GENUS EDWARDSIELLA 


All Edwardsiella strains are lactose-non-fermenters 
that give positive reactions in tests for lysine decar- 
boxylation and for maltose and mannose fermenta- 
tion. They give negative results in Voges—Proskauer, 
citrate, urease, phenylalanine deaminase, arginine 
dihydrolase (‘arginine decarboxylase’), gelatin hy- 
drolysis, KCN, and ONPG tests (Ch. 7). The species 
most frequently isolated from clinical material, 
Edwardsiella tarda, resembles a lactose-non-fermenting 
E. coli except that it produces H,S mm TSI agar 
(Ch. 7) and may not ferment mannitol. In general 
it ferments fewer carbohydrates than E. coli and posi- 
tive reactions are slower — hence the species name. 


Edwardsiella in human infections 


Of the three Edwardsiella species that have their 
reservoir in freshwater reptiles and fish, Edwardstella 
tarda has been isolated most frequently from clinical 
material. It is associated with septic shock with a 
high mortality rate in patients with serious underlying 
iIIness and has been isolated from a variety of extra- 
intestinal sites, including liver abscesses and infec~ 
tions related to trauma in aquatic environments. It 
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cellobiose, melibiose, sorbitol; ind, indole production, mal, utilization 
| of malonate; lys, orn, decarboxylation of lysine, ornithine; KCN, growth on KCN medium; YP, production of yellow pigment. 
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Test/substrate 
MR. mot ind smal” 








“MR, methyl red; mot, motility: ini indole production; mal, 
~ , Utilization of malonate; tre, fermentation. of trehalose. 





has been isolated from the faeces of patients with 
mild and protracted diarrhoea (Abbott & Janda 
1992) but has been difficult to implicate as the 
sole culprit of disease. Edwardsiella hoshinae has been 
isolated from human faeces but is not believed to 
cause disease. Edwardsiella ictaluri has been reported 
as a rare cause of septicaemia, 

Edwardsiella species are distinguished by the 
biochemical reactions shown in Table 20.5. 
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Most strains of Citrobacter are motile, gas-producing 
and citrate-utilizing, and give positive results in tests 
for methyl red and for fermentation of arabinose, 
mannose, mannitol, sorbitol and trehalose. They 
are negative in Voges—Proskauer, phenylalanine 
deaminase, gelatin hydrolysis, lysine decarboxylation 
and inositol fermentation tests. Lactose fermentation 
is variable. 7 

Members of the genus have been confused with 
both Escherichia and Salmonella. Citrobacter freundit 
and C. koseri (syn. C. diversus), the species most 
frequently isolated from clinical material, can be 
distinguished from E. coli and Salmonella in a series 
of tests with lysine, citrate, indole, HS, KCN and 
ONPG. The third species is C. amalonaticus (syn. 
Levinea amalonatica), 


Citrobacter in human infections 


Previously considered as environmental contami- 
nants found in water, soil, food and the faeces of 
man and animals, species of Citrobacter have been 
isolated from human urine and faeces and a variety 
of serious infections, especially those of infants and 
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immunocompromised patients. C. koseri, for exam- 
ple, has been associated with meningitis and brain 
abscesses in neonates (Kline 1988), 

Species of Citrobacter can be distinguished by the 
reactions shown in Table 20.6. 
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GENUS KLEBSIELLA 


Klebsiellae are non-motile members of the Entero- 
bacteriaceae. They are usually capsulate and can 
be recognized by their large, greyish-white, mucoid 
colonies on laboratory rmedium, . especially if it 
has a high sugar content. They are phenylalanine 
deaminase negative, do not produce HS in TS] 
agar or liquefy gelatin. Nearly all grow in KCN 


medium, and ferment a wide range of carbohydrates. 


including adonitol and inositol. The most frequently 
isolated klebsiellae (see Table 20.2) ferment lactose. 
Most species hydrolyse urea but do sO much less 
rapidly than species of Proteus (see below). Most are 
positive in the Voges—Proskauer test, though strains 
from the respiratory tract often give atypical results 
in this and other tests. Contrasting with Enterobacter 
species (see below) all species, with the exception of 
K. ornitholytica, are ornithine decarboxylase negative, 


Species of Klebsiella 


DNA re-association studies have shown that the 
previously named species Klebsiella pneumoniae, K. 
ozaenae, K. rhinoscleromanis (Brenner et a] 1972b) and 
K. aerogenes belong to a single species. The first 
three of these organisms, which are now called K. 
pneumoniae subsp pneumoniae, K. pneumoniae subsp 
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Klebsi ila Species ‘(Ewing 1986; ‘Barrow & Feltham 1998)" © 8 ne a 
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K. pneumonias 
subsp aerogenes” 
subsp ozaenae - 
subsp pneumioniae | 
‘subsp rhinoscleromatis 
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K. terrigena. . 
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| ° VP, VogesProskauer. lac, fermentation of lactose; gas, gas from glucose; ‘ind, ure, production of indole: urease; ot, ‘mal, 
utilization of citrate (Simmons), malonate; lys, lysine decarboxylation; KCN, growth on KCN medium. of, 
’ Common clinical isolates. 
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ozaenae and K. pneumoniae subsp rhinoscleromatis, few strains of type 3 which resembled Friedlander’s 
may cause severe bronchopneumonia or more original pneumonia strain in being methyl-red posi- 


chronic lesions with multiple abscesses 1n the lungs. tive, Voges—Proskauer negative and KCN negative 
They are usually biochemically atypical (see Table (inhibited). However, taxonomic rules now require 
20.7). the common aerogenes strains to be given the 


medically inappropriate name K. pneumoniae. 
Klebsiella pneumoniae subsp. aerogenes 


-For convenience in the laboratory, this text follows Other klebsiellas 
the example of other British bacteriologists (Holmes K. oxytoca is the name given to klebsiellae resembling 
& Gross 1990, Barrow & Feltham 1993) and, to the the aerogenes subspecies biochemically except that 
organism previously called K. aerogenes, gives the they produce indole. Another indole-positive group 
name K. pneumoniae subsp aerogenes. This organism, has the species name K. planticola (syn. K. trevisani1) 
which is commonly isolated from water and human which, like K. terrigena, another species originally 
and animal faeces, is the most frequently encoun- found in the environment, has now been isolated 
tered klebsiella in clinical specimens, especially from from man, mainly from respiratory secretions 
hospitalized patients, in whom it causes infections (Podschun & Ullmann 1992). These two species 
of surgical wounds and the urinary tract. It is also grow at 4°C but not at 44.5°C and can thus be 
commonly found in the respiratory tract but its distinguished from K. pneumoniae subsp aerogenes 
clinical significance is difficult to assess in patients which grows at the higher and not the lower tem- 
whose immunity is compromised by underlying perature. Table 20.7 shows the biochemical reactions 
illness. Its characteristic biochemistry (Tables 20.2 which differentiate Klebsiella species. 
and 20.7), thick capsule and production of large Numerical taxonomic and DNA hybridization 
volumes of gas make it relatively easy to identify. The studies have both shown that K. edwardsii and K. 
subspecies name aerogenes is no longer included atlantae, the non-fimbriate, late lactose-fermenting, 
in the Approved Lists of Bacterial Names (Skerman —_ methyl-red positive biovars discussed in the 13th 
et al 1980) and is not found in the American litera- edition of this book, can no longer be considered as 
ture where the organism is regarded as a biotype of _—_ distinct species. 
K. pneumoniae. 

In the 13th edition of this book, following Cowan : 2. i 
et al (1960) and common usage, the name K. aerogenes Typing of Kiebsielia strains 
was given to the generality of saprophytic klebsiellas Strains of Klebsiella are distinguished mainly by 
which were methyl-red negative and Voges—Proskauer _ their capsular antigens into 75 K types by antigenic 
positive, and found in all 72 capsule serotypes except tests performed in specialized laboratories. As with 
type 3. The name K. pneumoniae was reserved for the E. coli, there is some correlation between K type and 


369 





ri. "OC : pls oT ee Foi. a i it 
atm eee aie NR a ath hee ee at re yr a 
4 Tabi bint “B. istinau shina re. oa eae 
Tab 18-20 tel “Di hguishing ‘ eactions 





Z a 


fh, 
es 
ga 
bs 


PRACTICAL MEDICAL MICROBIOLOGY 





habitat. For example, K. pneumoniae strains adapted 
to the respiratory tract (e.g. pneumoniae, ozaenae and 
rhinoscleromatis subspecies) belong to capsule types 
I-6. Supplementary pneumocin and phage-typing 
schemes have been developed for differentiating 
strains of the same K type (Gaston et al 1987). 
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GENUS ENTEROBACTER > : 





Enterobacters are similar to Klebsiellae in that they 
are usually Voges—Proskauer positive. However, they 
are usually motile and ornithine positive, characters 
that distinguish them from klebsiellae. Common 
clinical isolates usually produce gas and ferment 
lactose and all strains are ONPG-positive. They 
are, with few exceptions, phenylalanine deaminase- 
negative; they do not produce H,S in TSI agar or 
liquefy gelatin. They are usually positive in citrate 
and KCN tests, especially when these are incubated 
at 30°C, 


Species of Enterobacter 


As a result of much reclassification within the 
genus, Enterobacter now contains 11 species, of 
which four (Enterobacter cancerogenus, E. dissolvens, 
E. intermedium and E. nimipressuralis) have so far 
been found only in the environment. These species 
are not included in Table 20.8 which shows reactions 
that distinguish the other species. E. agglomerans has 
been transferred to a new genus, Pantoea (see below). 

Enterobacter aerogenes and E. cloacae are the species 
most commonly isolated from clinical material. 
They are also widely distributed in water, sewage 
and soil and in the faeces of healthy persons. They 





ae A ee 


. 
is z 
id = 

: 


1 
—_ el oo 











Test/substrate* 

Species VP mot mal ure arg lys 
E. aerogenes” + + + ~ a + 
E. cloacae” + + 4 + + * 
E. amnigenus - + + & + ay 
E. asburiae - _ 4 + 

FE. gergoviae + 4 + + - £ 
E. sakazakii + + + a + sa 
E. taylorae + + + _ me 7 
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“VP, Voges—Proskauer: mot, motility; mal, utilization of malonate; ure, urease production: arg, lys, decarboxylation of arginine, 
lysine; KCN, growth on KCN medium; adon, inos, mel, rha, sorb, fermentation of adonitol, meso-inositol, melibiose, t-rhamnose, 


b-sorbilol; YP, yellow pigment. 
| * Common clinical isolates... 
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are opportunistic pathogens involved in infections of 
wounds and of the urinary and respiratory tracts and 
are occasional causes of septicaemia and meningitis. 
E. amnigenus is primarily a water organism but has 
been occasionally isolated from urine specimens. 
£. asburiae, unusual among enterobacters in being 
non-motile and Voges—Proskauer negative, has been 
reported from various human sources including 
blood, wounds and faeces. E. sakazakii Strains, bio- 
chemically similar to E. cloacae except that they 
produce yellow pigment, do not ferment sorbitol and 
may deaminate phenylalanine, have been isolated 
from cases of neonatal meningitis and septicaemia 
(Muytjens et al 1983). E. gergoviae and E. taylorae 
have also been isolated from wounds and other 
clinical specimens (Farmer et al 1985b). 


GENUS HAFNIA 


Like strains of Kiebstella and Enterobacter, those of 
Hafnia are usually Voges—Proskauer positive. They 
are lactose-non-fermenting; gas production and 
motility are variable; lysine and ornithine decarboxy- 
lase are positive. They are negative in tests for 
indole production, phenylalanine deaminase, urease, 
gelatinase, HS production, arginine decarboxylase 
and, usually, citrate utilization. They produce acid 
from maltose, mannitol and trehalose. Adonitol, 
dulcitol, inositol, sorbitol and sucrose are not fer- 
mented. As with Serratia (see below), the biochemi- 
cal characters vary with temperature and are most 
reliable when tests are incubated at 30°C. 

Hafnia alvei is the only species, It has been isolated 
from human faeces in the absence of symptoms and 
is an opportunistic pathogen that has been recovered 
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from infected wounds, abscesses, sputum, urine, 
blood and other sites. It is sometimes mistaken for 
Salmonella in the diagnostic laboratory but can 
be distinguished from Salmonella by its pattern of 
results in Voges—Proskauer, citrate, HS and ONPG 
tests and its slightly musty smell. 
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GENUS SERRATIA 


Species of Serratia are usually motile; lactose fer- 
mentation and gas production are variable. ‘They 
‘are usually Voges—Proskauer positive. Phenylalanine 
deaminase, arginine dihydrolase (‘arginine decar- 
boxylase’) and H.S production are negative (Ch. 7). 
They ferment maltose, mannitol, salicin, sucrose, 
and trehalose but not dulcitol. Strains are either 
anaerogenic or form only a small amount of gas. 
They usually grow on Simmons’ citrate medium 
(Ch. 7). A unique feature of Serratia is their produc- 
tion of gelatinase (gelatin liquefaction test, Ch. 7), 
lipase (tributyrin hydrolysis test, Ch. 7) and deoxy- 
ribonuclease (DNase plate test, Ch. 11). 

The genus contains nine species: Serratia marcescens, 
S. marinorubra (syn. S. rubidaea), S. odorifera, S 
plymuthica, S. fonticola and S. ficania; and S. liquefaciens 
(previously Enterobacter liquefaciens) which with S. 
proteamaculans and S. grimesti forms, a complex of 
species that is difficult to subdivide without results 
of carbon assimilation tests (Grimont et al 1982). 
For convenience these three are considered here as a 
single species. 

The best characterized species, and the one most 
frequently recovered from human infections, is 
Serratia marcescens. When isolated as a saprophyte 
from soil and water it forms a non-diffusible red 





pigment, prodigiosin, in cultures incubated in air, 
especially at low temperatures (c. 20°C). Reports of 
nosocomial infections caused by S. marcescens have 
increased in recent years. Infections include those 
of the urinary and respiratory tracts, of the meninges 
and wounds; septicaemia, endotoxic shock and endo- 
carditis have been recorded. Hospital strains, most 
of them non-pigmented and resistant to many com- 
monly used antibiotics, have caused outbreaks of 
infection in special care baby units and in cardiac 
surgery units. 

Other red-pigmented species, S. marinorubra and 
S. plymuthica, are much less frequently isolated from 
human specimens. S. odorifera, which has been re- 
covered from sputum, blood and cerebrospinal fluid, 
has a characteristic musty, potato-like odour which 
aids its recognition in the laboratory. 

S. fonticola is widely distributed in water and has 
been recovered from clinical material, mainly wound 
exudates. Strains are atypical in tests that define 
the genus (Voges—Proskauer, gelatinase, lipase and 
deoxyribonuclease negative) and are likely to be 
reclassified in the future (Farmer et al 1985a). 

Because of its restricted ecological niche (the fig 
and fig-wasp) and its limited importance to clinical 
microbiologists, the reactions of S. ficana are not 
included in ‘Table 20.9. 


Typing of Serratia marcescens 


Strains of S. marcescens can be distinguished by iden- 
tification of their O and H antigens, though antisera 
are not generally available. An alternative approach, 
which has been combined with serotyping in epide- 
miological studies, is biotyping by means of carbon 
utilization and other phenotypic tests (Grimont & 
Grimont 1978). 
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Species lac mal om adon arab raff rha sorb suc 
S. marcescens” - - + 4 - ~ + + 
S. liquetaciens group vo ; ‘ i _ | + | + = = “+ * 
S. marinorubra - - + + Ft dd = + 
S. odorifera 

biogroup 1 + - + = + + + + + 

biogroup 2 + = - + + - + + -- 
S. porous + - - - + + = + + 
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’ Common clinical isolate. , | 
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growth inhibitors such as sulphonamides. Swarming 
is inhibited on MacConkey’s agar and on DCA 
by bile salt and on CLED agar by the absence of 
electrolytes; Proteus organisms then grow as discrete 
pale lactose-non-fermenting colonies. : 
However, many methods for eliminating swarming 
inhibit the growth of certain important pathogenic 
bacteria. p-Nitrophenylglycerol is an exceptional agent 
which, when incorporated at low concentrations in 
the agar (0,2-0.4 mM in plates requiring overnight 
incubation; or = 1.0 mM in those requiring = 72h 
incubation), inhibits Swarming of Proteus species 
whilst having no effect on red blood cells, colonial 
morphology of other, even delicate; organisms or 
anubiotic sensitivity results (Senior 1978). 


GENUS PROTEUS 


Members of the genus Proteus are motile, lactose- 
non-fermenting, phenylalanine deaminase and methyl- 
red positive; they hydrolyse urea rapidly, grow in 
KCN medium and are lysine decarboxylase and 
arginine dihydrolase (‘arginine decarboxylase’) nega- 
tive (Ch. 7). They do not ferment adonitol, arabinose, 
dulcitol, inositol, mannitol, mannose, melibiose, 
raffinose, rhamnose or sorbitol or utilize malonate; 
they do not form f-galactosidase (ONPG test, Ch. 7). 
Except for some strains of P. penneri, they are positive 
in gelatinase and lipase tests. 

Four species: Proteus mirabilis, P. myxofaciens, P. 
penneri and P. vulgaris are recognized (Table 20,10). 
Apart from P. myxofaciens, which has been isolated 
only from gypsy-moth larvae (and which is not in- 
cluded in Table 20.10), species of Proteus are found 
widely distributed in soil, on vegetables, in sewage 
and faeces and on rotting animal protein. In the 
clinical laboratory, Proteus species are often regarded 
as a nutsance because of their characteristic ‘swarming’ 
growth on many, even well dried, solid laboratory 
media. In young swarming cultures, many of the 
bacteria are long, curved and filamentous, sometimes 
reaching up to 804m in length. The swarming 
growth, with its characteristic ‘fishy’ smell, may cover 
most or all of the agar surface as well as colonies 
of other organisms. 


Proteus in human infections 


P. mirabilis is the commonest species of Proteus in 
human infections (see Table 20.2); after EF. coli 
it is the commonest cause of urinary-tract infections, 
especially of young males and the elderly of both 
sexes. In the latter, P. mirabilis is often found in 
domiciliary patients with diabetes or structural ab- 
normalities of the urinary tract and in hospital 
patients after instrumentation (Senior 1990). Proteus 
species have also been recovered from infected 
wounds and abscesses and from cases of otitis media, 
meningitis, septicaemia and osteomyelitis. 
Biochemical reactions for differentiating the 
clinically important species of Proteus are shown 
Swarming in Table 20,10. 
Swarming of Proteus can be prevented by increasing 
the concentration of agar (2,5-3.0% w/v) in solid 
culture media (firm agar, Ch. 5) or by introducing 


Typing of Proteus strains 
Although serotyping and phage-typing methods 
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Table 20:10 , Distinguishing reactions of species of Proteus, Morganelia arid Providencia (Farmer et al 19854) 
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Key: +, 85% of strains positive; =) ‘85% of Strdins negative; +, 16-84% of strains. positive after:24—48 hat 36°C: > mae eae 
Test/substrate* A ; Pe Al : ) , 

Species swaming gas ure ind om HS gel mann adon malt tre 

P. miirabilis® - + + + + = = cs + 

P penneri + + m ms E + + me ne > + 

P vulgaris” + + + + = re + = ls + + 

M. morgani?’ oa + + + + + _ + - a -_ 

Prov. alcalifaciens® + ~ + - _ = $: + - = 2 

Prov. rettgeri” ~ ~ ‘ + . = nm + = a z, 

Prov. rustigianii - + < = = - + ws = - sn 

Prov Stuarti? - - + + _ - _ + _ _ + —_ 














* Gas, gas from glucose: ure, ind, production of urease, indole: om. decarboxylation of ornithine; HS, H.S produced on TSI 
agar, gel, gelatin liquefaction; mann, adon, malt, tre, xyl, fermentation of o-mannose, aconitol, mattose, trehalose, xylose. 
° Common clinica! isolates. 
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have been developed, neither is generally available. 
Senior (1977) described a typing method, which 
distinguishes strains according to their production 
of, and sensitivity to, proticins — proteins which kill 
closely related bacteria. The Dienes phenomenon 
forms the basis of another method for typing swarm- 
ing strains of Proteus in local epidemiological studies. 
Different cultures are inoculated as discrete spots 
on the same plate and allowed to swarm towards one 
another. A line of completely or partially inhibited 
growth is formed where cultures of different strains 
meet; no line is formed between swarming cultures 
of the same strain. Typing methods for Proteus have 
been reviewed by Senior (1990). 


GENUS MORGANELLA 


Strains of Morganella morganii, the only species, 
are motile and lactose-non-fermenting. They are 
phenylalanine deaminase, urease, indole, ornithine 
decarboxylase and methyl-red positive; they grow 
in KCN medium and on Simmons’ citrate medium 
(Ch. 7); they are negative in tests for gelatinase, 
arginine dihydrolase and B-galactosidase. They fer- 
ment mannose but none of the other carbohydrates 
commonly used for identification (Table 20.10). 
Unlike Proteus, they do not swarm on solid media. 

M. morganii has been isolated from sputum, in- 
fected wounds and, occasionally, from urine. It has 
been isolated in the absence of any other recognized 
intestinal pathogen from faeces of patients with 
diarrhoea. However no firm evidence for its causative 
role in gastroenteritis has yet been presented. 


GENUS PROVIDENCIA 


Like Proteus and Morganella, strains of Providencta 
are lactose-non-fermenting and methyl-red and 
phenylalanine-deaminase positive. However, they do 
not swarm on solid nutrient media. They produce 
indole, grow in KCN medium and frequently grow 
on Simmons’ citrate. They ferment mannose with or 
without gas production but do not ferment arabinose, 
duicitol, meiibiose, raffinose or sorbitol. They are 
negative in all three decarboxylase tests (arginine, 
lysine and ornithine) and are negative in tests for H,S 
production, malonate utilization (Ch. 7), gelatinase 
and lipase (tributyrin hydrolysis). They can often 
be recognized by their ‘fruity’ smell or their orange- 
centred colonies on DCA medium. 

The five Providencia species include Providencia 


alcalifaciens, P. retigeri, P. rustigiantt and P. stuarti, 
which have been isolated from clinical specimens, 
and P. heimbachae, which has been isolated only 
from penguin faeces (and is not included in Table 
20.10). It has been suggested, though not proved, 
that P. alcalifactens causes diarrhoea. P. rettger: and P. 
stuartti have been associated. with hospital-acquired 
urinary-tract, wound and other infections, particularly 
in immunocompromised patients. 


OTHER GENERA OF 
ENTEROBACTERIACEAE 


Members of recently created genera are discussed 
briefly below and references are included for the 
interested reader. Because of their limited ecological 
niches, some of the newer species were thought to 
be of little interest to the clinical microbiologist. 
Awareness of their characters and their inclusion in 
the data bases of many commercially available iden- 
tification systems has enabled many of them to be 
recognized in the clinical laboratory. 


GENUS BUDVICIA 


The genus comprises a single H,S-producing species Budvicia 
aguatica (Bouvet et al 1985) with complex growth-factor re- 
quirements. Strains are variable in tests for lactose fermenta- 
tion, motility and gas production. Like several other recently 
classified genera of Enterobacteriaceae (Ewingella, Leclercia, 
Leminorella, Moellerella, Pantoea, Pragia, Rahnella, Tatumella 
and Xenorhabdus: see Table 20.11 for distinguishing results), 
B. aquatica is negative in lysine, ornithine and arginine decar- 
boxylase tests. It has been isolated only from water and small 
mammals and not so far from clinical specimens. 


GENUS BUTTIAUXELLA 





There is one lactose-fermenting, motile, gas-producing species, 
Buttiauxella agrestis, which has been isolated mostly from 
water and soi] but also from urine. The organism resembles 
Citrobacter freundii in its reactions in the IMViC tests (indole 
production, motility, Voges-Proskauer reaction and citrate 
utilization) but differs from it in being able to hydrolyse aesculin 
and in failing to metabolize sorbitol or urea (Ferragut et al 
1981). 


GENUS CEDECEA 





Cedecea strains resemble those of Enterobacter in that many are 
Voges—Proskauer positive, but differ from thern by giving nega- 
tive arabinose and rhamnose results. Strains are usually motile 
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‘and gas-producing; lactose fermentation is variable. The genus 
presently includes three mamed species, Cedecea davisae, C. 
lapagei (Grimont et al 1981) and C. neteri (Farmer et al 1982). 

All strains have been isolated from clinical specimens including 
blood, wound exudate and sputum. Strains of Gedeoea utilize 
citrate and are ONPG-positive; they do not ferment dulcitol, 
liquefy gelatin or produce deoxyribonuclease; they are negative 
in tests for phenylalanine deaminase and urease and are resist- 
ant to colisun and cephalothin. They usually give a positive 
lipase reaction and grow in KCN medium, like some strains 
of Proteus and Serrana, Reactions by which the species can be 
distinguished are shown in Table 20.12. 
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GENUS EWINGELLA 


Ewingella amencana, the only species in this genus (Grimont et 
al 1985) has been recovered from a variety of clinical specimens 
including blood, infected wounds and sputum (Farmer et al 
1985a). Strains studied so far have been anaerogenic and vari- 
able in motility and lactose fermentation. They have been 
sensitive to carbenicillin, aminoglycosides, chloramphenicol, 
colistin and nalidixic acid, Ewingella can be distinguished from 
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"MR, methyl red; orn, decarboxylation of ornithine; sor, 
Suc, xyl, fermentation of p-sorbitol, sucrose, p-xylose. 
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other ‘triple decarboxylase negative’ species of Enterobacte- 
riaceae by the tests shown in Table 20.11. 
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GENUS KLUYVERA 
The two lactose-fermenting species of Kiwyvera, K. ascorbata 
and K. cryocrescens (Farmer et al 1981) have been isolated 
from sputum, urine, blood and stools. They are non-motile 
and aerogenic. They ferment sucrose and are usually citrate 
and KCN positive. The former species gives a positive result 
in the ascorbate test (Farmer et al 1981) and does not 
ferment glucose after incubation at 5°C for 21 days; the latter 
gives the opposite results. K. eryocrescens is usually inhibited 


_ (zone diameter > 17 mm) by carbenicillin (100 ug disc) and 


cephalothin (30 ig disc) whereas K. ascorbata is not. Kluyvera 
strains may be confused with those of Citrobacter koseri because 
they both appear as citrate-positive Escherichia coh. The two 
genera can be distinguished by their reactions shown in 
Table 20.13. 
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GENUS KOSERELLA 
st ec epee 
The only named species, Koserella trabulsti (syn. Yokenella 
regensburget), has been recovered from clinical sites including 
wounds and the respiratory tract. It is biochemically similar to 
Hafmia alvei but the two species can be distinguished because 
K. trabulsui is Voges—Proskauer and glycerol negative, grows 
in Simmons’ citrate medium and is cellobiose and melibiose 
positive. It also gives a very weak, delayed catalase reaction 
(Hickman-Brenner et al 1985a). 


GENUS LECLERCIA 
Leclercia adecarboxylata (prev. Escherichia adecarboxylata) has 
been isolated from a variety of clinical sources (Otani & 


Bruckner 1991). It is usually motile, lactose fermenting and 
produces gas from glucose. It is similar to E. coli in its indole, 
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Test/substrate* 


adon 


Kluyvera spp. 
"Citrobacter koseri 


* adon, mel, raff, fermentation of adonitol, melibiose, 
raffinose. 


citrate, methyl red and Voges—Proskauer reactions but differs in 

its results with KCN (+), malonate (+), adonitol (+), cellobiose 
(+) and sorbitol (~). Because it gives negative results in all 

three (lysine, ornithine and arginine) decarboxylase tests it may 

be confused with several other species. Distinguishing tests are 

shown in Table 20.11. 


GENUS LEMINORELLA 








Strains of Leminorella, which have been isolated from human 
faeces, are unusual among Enterobacteriaceae in that, although 
they produce H.,S and ferment arabinose and xylose, they are 
otherwise fairly inactive biochemically (Hickman-Brenner et al 
1985b). They are non-motile, lactose-non-fermenting and may 
or may not produce gas from glucose; they are indole, urease, 
phenylalanine deaminase and KCN negative. Methyl red and 
citrate results distinguish the two species (Leminorella grimontit 
which is positive in both and L. richardii which is negative in 
both). The genus is included among the ‘triple decarboxylase 
negative’ enterobacteria (see Table 20.11.) 


a 


GENUS MOELLERELLA 





The single species, Moellerella wisconsensis (Hickman-Brenner 
et al 1984) has been isolated mainly from faeces but there is 
no evidence as yet that it causes diarrhoea. It shows no activity 
in any of the decarboxylase media (T able 20.11). It ferments 
lactose, and is non-motile and anaerogenic. It is indole, urease, 
phenylalanine deaminase and H,S negative and does not grow 
on citrate; the methyl red test is positive. Adonitol, glycerol, 
mannitol, mannose, raffinose and sucrose are fermented; 
dulcitol, inositol, maltose, rhammose, salicin, sorbitol, trehalose 
and xylose are not. 


GENUS OBESUMBACTERIUM - 


Strains of Obesumbacterium proteus are lactose-non-fermenting, 
non-motile, anaerogenic and fairly inactive biochemically. 
Because they have a unique association with brewing yeast 
(Priest et al 1973) and grow very slowly at 36°C, they are 
unlikely to be of concern to medical microbiologists. 
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GENUS PANTOEA 


This recently created genus (Gavini et al 1989) contains strains 
previously called Enterobacter agglomerans, Erwinia herbicola and 
Erwinia milletiae. They are usually motile, but strains vary in 
lactose fermentation and gas production. Intravenous products 
contaminated with one of the two species, Pantoea aggiomerans, 
were responsible for a widespread outbreak of septicaemia in 
North America. P. dispersa has been isolated from man as well 
as from plants and the environment. Distinguishing features of 
Pantoea are that they are Voges—Proskauer positive; and nega- 
tive in lysine, ornithine and arginine decarboxylase tests (Table 
20.11). The two species of Pantoea can be distinguished by 
their reactions with salicin, in which P. agglomerans is positive 
and /’. dispersa is negative. 


GENUS PRAGIA 


Pragia fontium, the single species in this recently proposed 
genus (Aldova et al 1988) has been isolated from water; it 
has not so far been recovered from clinical material. It is 
motile but fairly inactive biochemically; it does not ferment 
lactose or produce gas. Reactions that distinguish it from 
other decarboxylase-negative species are included in Table 
20.11. 


GENUS RAHNELLA 


Strains of Rahnella aquatilis belong to the ‘triple decarboxylase 
negative’ group (Table 20.11). They are motile at 25°C but 
not at 36°C and in general are more biochemically active 
at the lower temperature. They ferment lactose and produce 
gas. They have been isolated from soil and water and from 
the blood and bronchial washings of patients with AIDS. 


GENUS TATUMELLA 


Tatumella ptyseos, the only species in the genus (Hollis et al 
1981), is non-motile (at 36°C), anaerogenic and does not fer- 
ment lactose. It is mainly associated with the human respiratory 
tract, but has been recovered from other clinical specimens 
including faeces, urine and blood. There are three striking 
differences between T. ptyseos and other enterobacteria: its 
large zone of growth inhibition around a (10 unit) penicillin 
disc on Mueller-Hinton agar (Ch. 5); its tendency to die on 
some laboratory media within 7 days; and motility, when grown 
at 25°C, by means of a srnall number (usually one) of flagella. 
Surains are methyl-red and Voges—Proskauer negative, phenyla- 
lanine deaminase positive and indole negative; most grow on 
citrate at 25°C; they are urease, H,S and KCN negative; they 
ferment sucrose and trehalose but few other commonly tested 
carbohydrates. They are usually negative in tests with lysine, 
ornithine and arginine (Table 20.11), especially when incubated 
at 36°C. 

Strains are sensitive to cephalosporins, chloramphenicol, 
tetracyclines and aminoglycosides. 
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GENUS TRABULSIELLA 


Trabulsiella is a recently named genus with a single lactose- - 


non-fermenting, gas-producing, motile species, Trabulsiella 
guamensis, which has so far been isolated from vacuum-cleaner 
contents, wheat flour and human stools; there is no evidence at 
present that it causes diarrhoea. Its main interest to clinical 
bacteriologists is that it may be confused biochemically with 
Salmonella ‘serovars, especially those of subgroups 4 and 5 
(McWhorter et al 1991). It can be distinguished from them 
by positive results in tests for ONPG, mucate and cellobiose 
fermentation (Ch, 7), and by its inability to ferment melibiose 
and dulcitol. 


GENUS XENORHABDUS- 


Both species of Xenorhabdus grow best at 25-30°C, at which 
temperature they are motile, and poorly, if at all, on medium 
containing bile salts. Utilization of carbohydrates including 
glucose is weak and slow (see Table 20.11); lactose is not 
fermented and gas is not produced, Members of Xenorhabdus 
nematophuus do not produce catalase, Those of X. huminescens 
are luminescent, a trait unique among Enterobacteriaceae, 
and do not reduce nitrate to nitrite. Both species have been 
isolated from nematodes; the bacteria-nematode complex is 
pathogenic for a wide variety of insect larvae and has potential 
value in biological control of insect pests. Although at first 
thought to be an unlikely human pathogen, X. luminescens has 
now been recovered from clinical material including blood and 
wound exudate. Colonies show an unusual type of haemolysis 
on sheep blood agar at 25°C: there is no haemolysis immedi- 
ately around the colony but there is a thin line (c. 2mm wide) 
of haemolysis about 13 mm from the colony. This characteris- 
uc may aid recognition of X. luminescens in clinical specimens 
(Farmer et al 1989). 





LABORATORY INVESTIGATIONS 


_ Assessing the significance of 


enterobacteria in clinical specimens 


The collection and transport of clinical specimens 
and methods for their examination in the diagnostic 
microbiology laboratory are discussed in detail in 
Chapter 5. 

When enterobacteria are found as the only organ- 
isms in a blood culture or a specimen of cerebrospinal 
fluid or exudate from a closed site, their pathogenic 
role and clinical significance is obvious and antibiotic 
therapy is appropriate. When, on the other hand, 
they are found in a specimen of sputum or a swab 
from an open site (e.g. an ear, wound or skin lesion) 
in conjunction with other commensal or potentially 
pathogenic bacteria such as staphylococci, strepto- 
coccl, pneumococci, haemophili or anaerobes, their 
significance is more difficult to assess. 
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Thus, in some cases enterobacteria may have an 
important pathogenic role while in others they may 
be present only as contaminants, They may be found 
in mixed culture in mid-stream urine as a result of 
contamination from the perineum. They may be 
present in the throat of a patient whose normal flora 
has been eliminated by antibiotic therapy. Or they 
may be present as harmless superficial contaminants 
in wounds subject to serious, deep infection with 
some other organism. In these cases their elimination 
with antibiotics is inappropriate. The likelihood that 
enterobacteria are acting as pathogens will be greatest 
if they are present in the specimen in large numbers 
and especially if they are in pure culture. If there 
are only a few, especially if mixed with other species, 
they are more likely to be contaminants. | 


Miscellaneous infections 


Specimens from closed sites, e.g. cerebrospinal fluid, 
should be examined microscopically for the presence 
of Gram-negative bacilli resembling enterobacteria, 
Microscopic examination of specimens from sites 
with a mixed commensal flora is less helpful, though 
the finding that ‘coliform-like’ Gram-negative bacilli 
are predominant may indicate their clinical significance. 

Enterobacteria usually grow well on most kinds of 
culture media. However, a specimen likely to contain 
a mixed flora including enterobacteria should be 
cultured on MacConkey in addition to blood agar. 
In the MacConkey culture the lactose-fermenting 
and lactose-non-fermenting species are distinguished 
by their colony colour, the mucoid nature of klebsiellae 
is obvious, the swarming of Proteus is prevented and 
growth of many non-intestinal bacteria is inhibited. 

From growth regarded as clinically significant, 
a representative colony is picked for identification 
and sensitivity tests. Suggested antibiotics are given 
below. 


Urinary-tract infections 


Freshly voided or refrigerated mid-stream specimens 
of urine are examined by semi-quantitative culture 
on MacConkey or CLED agar.* If arrival of the 
specimen at the laboratory is likely to be delayed 
for more than | h, the use of urine dip slides, plastic 
slides coated on one or both sides with culture 
medium, may be preferred. 

Enterobacteria commonly colonize the perineum 
and urethral meatus and thus contaminate mid-stream 
urines. The presence of several species in cultures 
is suggestive of contamination with faecal organisms; 
10 000/ml or more of a single species now indicates 
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infection of the bladder or kidney and counts of 
that order are taken to indicate clinically significant 
bacteriuria. If the specimen has been obtained by 
suprapubic stab or aseptic catheterization, lower 
counts are regarded as significant. 

A typical colony from significant growth is picked 
for identification and sensitivity tests with appro- 
priate antibiotics (see below), Methods of sensitivity 
testing are given in Chapter 8. 


Antimicrobial agents for treatment 


Urinary-tract infections 


Enterobacteria are the predominant pathogens in 
urinary-tract infections (UTIs) in all age groups, 
with Escherichia coli accounting for at least 80% of 
uncomplicated community-acquired infections. Suit- 
able agents for inclusion in susceptibility tests are 
those that can be taken by mouth. 

Many strains of enterobacteria from urine are sen- 
sitive to broad-spectrum penicillins (e.g. ampicillin 
or amoxycillin). However, up to 50% of E. colt strains 
may be resistant due to acquisition of transmissible, 
plasmid-determined TEM-type f}-lactamases. These 
enzymes preferentially hydrolyse penicillins, and 
strains may still be sensitive to oral cephalosporins 
(e.g. cephalexin or cefaclor). Strains of Enterobacter, 
Serratia, Klebsiella, Providencia, Morganella morgan 
and Proteus vulgaris that are isolated from patients 
in hospital and strains with multiple antibiotic expo- 
sure, are almost always resistant because they possess 
inducible, chromosomally determined, B-lactamases 
with high affinity for cephalosporins. 

Nitrofurantoin is active against many enterobactena 
but has no value in the treatment of urinary-tract 
infections caused by Proteus and other urease-positive 
organisms which render the urine alkaline and thus 
reduce the activity of the antibionc. 

Many strains of Enterobacter, Serratia and other 
enterobacteria are susceptible to timethopnm (muini- 
mal inhibitory concentration <4 mg/litre). How- 
ever, because the prevalence of resistant strains and 
the predominant mechanism of resistance vary in 
different species and in different geographical areas, 
the clinician’s choice of drug should be guided by 
in-vitro sensitivity results. Other considerations inciude 
possible side-effects, convenience for the patient, 
safety in pregnancy and costs. 

Second-line antibiotics. ‘Those antibiotics that should 
be tested but reported to the clinician only for treat- 
ment of resistant organisms include co-amoxiclav, a 
combination of amoxycillin and the [-lactamase 
inhibitor clavulanic acid which inhibits the TEM 
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enzymes; and the quinolones nalidixic acid, norfloxacin 
or ciprofloxacin. 


Other infections 


In hospital patients, bacteraemia caused by entero- 
bacteria is a common accompaniment of UTI and 
may also follow gastrointestinal and genitourinary 
procedures. Useful agents for treatment of patients 
include aminoglycosides (e.g. gentamicin or netilmicin) 
used alone or in combination with a B-lactam (e.g. 
amoxycillin or co-amoxiclav). Third-generation 
cephalosporins, such as ceftazidime, are often effective 
when used as single agents; in immunocompromised 
patients they may be combined with an aminoglyco- 
side. Ciprofloxacin, aztreonam and imipenem are 
reserved for very seriously ill patients or antibiotic- 
resistant organisms. 

For treatment of neonatal meningitis, cefotaxime 
is now widely used with few side-effects. 

Wound infections are usually treated with B-lactam 
antibiotics given orally when possible; co-amoxiclav 
is a useful choice. An alternative agent, cefuroxime, 
must be given by the intravenous or intramuscular 
route for serious infections. 

For ear or eye infections where topical antibiotics 
are appropriate, chloramphenicol or gentamicin are 
suggested. 

Again, because of local variations in susceptibility 
patterns, the choice of therapeutic agent will depend 
on results of antibiotic sensitivity tests done in the 
laboratory. For a comprehensive text on antibiotic 
activity and dosage, the reader is directed elsewhere 
(Lorian 1991, Lambert & O’Grady 1992). 


IDENTIFICATION SYSTEMS FOR 
ENTEROBACTERIACEAE 





Branching flow charts 


Flow charts probably provide the easiest and least 
tedious method for manual identificanon of genera 
and species of the Enterobacteriaceae. The identi- 
fication is made via a pathway that branches at a 
number of points according to positive or negative 
results in a number of critical tests. Common sense 
is used at each stage of the identification to decide 
which additional tests should be performed. Prob- 
lems in identification may occur if the results of 
these critical tests are misinterpreted or are not typi- 
cal of the species. It is therefore important to use 
one or two additional tests to verify the identification. 

Figure 20.1 shows a modification of the LOGIC 
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Oxidase negative, glucose fermenting 
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K. oxytoca : Omithine Ornithine E. coli Lysine 
orn -, lys +, + = orn +/-—, lys +/-, 
lac + P = lac +/- 

. pneumoniae ei 3 _ 
sero lees, C. koseri K. oxytoca Providencia sp C. freundii 
led lys-, lac=/+ ys +, lac + orn -, lys -, lac - orn -/+, lac +/- 

Ornithine Ornithine + - 
+ — 
| 2s Ent. aerogenes K. pneumoniae 
M.morganii P. vulgaris lys +, lac + lys +, lac + 
lys —, lac - lys -, lac - ‘ _ Serratia sp orn +, lac - 


Ent. cloacae 








Salmonella orn +, lac — 


lys -, lac + 


P, mirabilis P. penneri 
lys-,lac- — lys -, lac - 


Fig. 20.1 Flow chart showing the LOGIC system (modified from Perry et al 1988, Pattyn et al 1990) for identification of Gram- 


negative bacilli isolated from urine. 


Key. +/—, > 50% of strains positive; -/+; > 50% of Strains negative; lac, fermentation of lactose: lys, orn, decarboxylation of lysine and 


ornithine. 


“Salmonella and Serratia spp are distinguished by additional biochemical and serological tests. 


scheme (Perry et al 1988, Pattyn et al 1990) for 
identifying species of the Enterobacteriaceae isolated 
from urine. The LOGIC scheme includes tests for 
lysine and ornithine decarboxylation, indole produc- 
tion, glucose and cellobiose fermentation, and urease 
production. 


Simple method for presumptive 
identification 


Lactose-non-fermenters 


Individual colonies of clinically significant, oxidase- 
negative, lactose-non-fermenting enterobacteria iso- 
lated from clinical specimens plated on selective media 
are inoculated into 2 ml of urea broth and incubated 
for 4h at 37°C. Any urease-positive (Proteus) culture 
is then plated to check for purity. 

The 4h suspension serves as the inoculum for 
biochemical tests for strains of other genera (tests 
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for urea hydrolysis, motility, indole production, gas 
from glucose, acid from lactose, mannitol and su- 
crose, and citrate utilization), a nutrient agar slant 
and a purity check on MacConkey or CLED agar. 
An antibiotic sensitivity test is also set up (see Ch. 8 
for methods). 

After overnight incubation, the presumptive iden- 
tity of pure cultures of Proteus, E. coli and other 
‘coliform bacilli’ can be reported along with their 
antibiotic sensitivity patterns. Presumptive gastro- 
intestinal pathogens will not be overlooked and can 
be confirmed by additional biochemical and serological 
tests, 


Lactose fermenters 


The procedure for lactose-fermenters is simpler: 
only three biochemical test media are inoculated. 
After overnight incubation, presumptive identifica- 
tion of E. coli (motile/non-motile, indole positive, 
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citrate negative) and K. pneumoniae subsp aerogenes 
(capsulate, non-motile, indole negative, citrate posi- 
tive) can be made. Results of extended biochemical 
tests have confirmed that 99% of lactose-fermenting 
isolates are correctly identified by this method. If 
required, as for example with blood isolates, addi- 
tional tests with a commercial identification kit are 
set up for presumptive identification of a wider 
range of organisms. | 

Some workers recommend the use of rapid ‘spot’ 
tests of indole production (Bioconnections; Merck), 
urease (Qadri et al 1984) and (-glucuronidase (York 
1990) for rapid presumptive identification of species 
of Enterobacteriaceae other than Salmonella and 
Shigella. If these tests are done on colonies from 
primary plating media, the purity of the culture 
should always be checked. 


Checkerboard matrices 


The tables of Farmer et al (1985a) and Farmer 
& Kelly (1991) are good examples of identification 
matrices constructed from results of many strains of 
different species of enterobacteria in tests with many 
biochemical substrates. Table 20.14 shows a small 
section of such a table. Numbers in intersecting 
squares represent the percentage of strains of each 
species tested (listed vertically) that are reactive in 
some of the 47 tests (listed horizontally) in less 
than 48 h at 36°C. 

These matrices provide very accurate species iden- 
tification but they are extremely cumbersome when 
attempting to match laboratory reaction patterns 
by eye to those of the test genera and species. Their 
major advantage is their reliance on a broad spectrum 
of results for identification. Thus, for example, a 
strain which gives typical results for E. coh except 
in its urease reaction presents no problem in 
identification; if urease is used as a critical test in 
a branching flow chart without consideration of 
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K. terrigena 0 .60 #100 40 


Species, (Farmer & Kelly. 1991). 2) 
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K. rhinoscleromatis 0 86100 0 8 Sa 0 
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strains that may give aberrant results, perhaps 
because of plasmid carriage, identification may prove 
problematic. 


Commercial identification systems 


Manual or computer-assisted identification with 
packaged kits 


During the past decade, determined efforts have 
been made to improve the care of patients by re- 
ducing the time taken for identification of clinically 
significant microorganisms. Some of the rapid tests 
devised are described above. Commercial products 
available for bacterial identification range from minia- 
turized versions of conventional tests to automated 
computer-assisted systems. 

The advent of packaged kits containing a series 
of differential test media, either in dehydrated or 
agar form, has simplified identifications within many 
groups of bacteria, including the enterobacteria. 
These kits have the advantage, discussed above, of 
identifying a culture by means of a large number of 
phenotypic characters. Their compact size, reliable 
quality and long shelf life have made kits invaluable 
in many smal] laboratories which either do not 
have the time or personnel to prepare stocks of test 
media or may not have the expertise to make the 
identifications by traditional methods. The kits are 
simple to inoculate, results are generally easy to 
interpret and available in 24h. 

The numerical code generated by a strain’s pat- 
tern of positive and negative test results is matched 
manually or by computer with results in the manu- 
facturer’s database. The result includes confidence 
levels for several species that should be considered 
and, if necessary, indicates further tests that will 
optimize identification (Gavini et al 1990). If the 
database does not include the generated code 
number, back-up telephone-contact with the manu- 
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facturer can often resolve this and other occasional 
problems that arise. ; 

Provided that the manufacturer’s instructions are 
followed, the results generated by many of the 
available packaged kits are reliable, agreeing 95% 
or more with results of conventional tests. Again, 
the importance of purity checks on the test strains 
cannot be over-emphasized. 

Published evaluation studies (Bennett & Joynson 
1986, O’Hara et al 1992) may help the reader to 
decide which of the many available systems is best 
suited to his needs. 


Semi-automated and automated identification 
and antibiotic-sensitivity test systems 


A number of computer-based laboratory systems 
have now been provided by commercial companies 
(e.g. bioMérieux, Mast, Sensititre). In some cases 
results of identification and antibiotic susceptibility 
are available within a few hours of isolating a 
significant pathogen, 

Probably the most cost-effective of the commercial 
systems makes use of an automated 19- or 36-multi- 
point inoculator to inoculate a series of agar plates 
with standardized bacterial suspensions for iden- 
tification and antibiotic sensitivity by the breakpoint 
method (Ch. 8). To reduce variability in biochemical 
test results, sachets of dehydrated test media can be 
supplied by the manufacturer ready for adding to 
water, autoclaving and dispensing into plates. Each 
laboratory can tailor the system to its particular 
needs by its choice of tests (Clayton et al 1986, 
Holmes & Dawson 1987) and results can be read 
manually or by computer. 

Other combined identification/sensitivity testing 
systems incorporate substrates complexed with fluo- 
rescing molecules. The complexes are normally non- 
fluorescent but are cleaved by bacterial enzymes 
to generate a fluorescence signal to provide earlier 
results, sometimes after as little as 4 h, than can be 
achieved by colour changes or turbidity readings. 

Descriptions of various systems and their eval- 
uation by comparison with results of conventional 
tests done on type strains and clinical isolates have 
been published (Doern et al 1987, Freney et al 1991, 
Pfaller et al 1991, Visser et al 1992), 

While there are few substitutes for this modern 
technology, its use can probably be justified only 
by laboratories whose large workload makes the 
purchase cost-effective. Clever and economical use 
of non-automated methods will enable the small 
laboratory to identify accurately and rapidly many of 
the enterobacteria encountered in clinical specimens. 
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Most of the culture media, @.g. MacConkey agar, aré 


described in Chapter 5, and most of the identification 
tests in Chapter 7. Others are given below. 


Cystine lactose electrolyte-deficient 
(CLED) medium 


This medium (Mackey & Sandys 1966) is preferable 
to MacConkey’s bile-salt lactose medium for the cul- 
ture of coliform and other bacteria from infected urine. 
Like MacConkey medium, it distinguishes between 
lactose-fermenting (yellow) and lactose-non-fermenting 
(blue, grey or green) colonies, inhibits the swarming of 
proteus, and shows the greenish colour, matt surface 
and rough periphery of pseudomonas colonies. How- 
ever, it has the advantage of supporting the growth 
of certain staphylococci, streptococci and candidas 
that fail to grow on MacConkey. CLED medium can 
be obtained from commercial suppliers, e.g. Difco, 
Unipath. 

E. coli forms yellow opaque colonies which are 
usually 1.0-1.5mm in diameter. Klebsiella forms 
mucoid yellow to whitish-blue colonies. Staphylococ- 
cus aureus forms deep yellow opaque colonies, and 
Staphylococcus saprophyticus and other staphylococci 
form yellow to white opaque colonies. Enterococcus 
faecalis forms yellow to white translucent colonies 
about 0.5 mm in diameter. 


Ingredients 
Peptone 4g 
Tryptone 4g 
Meat extract (Lab-Lemco) powder .3g 
lactose 10g 
L-cystine 0.128 gq 
Bromothymol biue 0.02 g 
Agar 15g 
Water 1 litre 

Preparation 


Suspend the ingredients in the water, bring to the boil 
to dissolve, sterilize at 121°C for 15 min, and mix well 
before pouring. 


Sorbitol MacConkey (SMAC) agar 


SMAC agar may be used for the isolation from faeces 
of Vero cytotoxin-producing (enterohaemorrhagic) E. 
coli (VTEC) of the 0157 type which characteristically 
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fail to ferment o-sorbitol and L-rhamnose and form 
pale (non-acid-forming) colonies. 


Ingredients 
Peptone 20g 
Sorbitol 10g 
Bile salts No. 3 (Oxoid) 1.59 
Sodium chloride 59 
Neutral red 0.03 g 
Crystal violet 0.001 g 
Agar 159g 
Distilled water 1 litre . 

Preparation 


Mix the ingredients. Bring to the boil to dissolve 
the solids completely. Adjust pH to 7.1 if necessary. 
Sterilize at 121°C for 15min. Allow to cool before 
pouring into plates. 

For greater selectivity, rhamnose 5 g/litre and cefixime 
0.05 mg/litre may be added during preparation. The 
complete medium is obtainable from Unipath and 
other suppliers. 


§-glucuronidase (MUG hydrolysis) test 


In doubtful cases, the MUG test is useful for the 
identification of E. coli, almost all strains of which are 
positive. 


Preparation 


Dissolve 100mg of MUG (4-methylumbelliferyl-B-p- 
glucuronide; Sigma) in 100 ml distilled water containing 
two drops of Triton X-100. Filter the solution through 
a 0.45 um filter and store at 4°C. Distribute drops of 
the MUG solution over circles of filter paper (Whatman 
No. 1) in Petri dishes. Allow to dry in air. Wrap the 
dishes in aluminium foil and store at 4°C. 


Use 


Grow the test culture overnight on blood agar (e.g. 
Oxoid Blood Agar Base with 7% v/v defibrinated horse 
blood). 

Apply a single colony as a small patch on the MUG 
paper, at least 16 colonies can be tested on an 8.5 cm. 
diameter paper. inoculate a non-O157 strain of E. coli 
as a positive control. 

Place a drop of saline on the paper near each 
patch to moisten the growth and incubate the plate at 
37°C for 20 min. 

Examine the paper for fluorescence (positive result) 
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under long- or short-wave ultraviolet radiation in a 
darkened room. 


isolation of Vero cytotoxin-producing 
E. coli (VTEC) 0157 


Specimens of faeces from patients with bloody diar- 
rhoea or haemolytic uraemic syndrome (HUS) should 
be received in the laboratory within 7 days of the onset 
of clinical symptoms, otherwise isolation is unlikely to 
be successful. Absence of red cells in the faeces 
does not exclude 0157 infection. 


1. Emulsify formed faeces in an equal volume of 
ohosphate-buffered saline at pH 7.2. 

2, Streak loopfuls of the emulsified specimen on 
sorbitol MacConkey (SMAC) agar (see above). 

3. Incubate the plate in air at 37°C for 18 h, and ex- 
amine for pale, sorbitol-non-fermenting (SNF) colonies, 

4. Select each type of SNF colony and test as a 
possible E. coli 0157. Up to 10 colonies may be 
examined. 


Identification of VTEC 0157 


1. Emulsify the colony in a drop of 0.85% NaCl 
saline and check it does not autoagglutinate. Test for 
agglutination with a specific 0157 latex reagent accord- 
ing to the manufacturer's instructions (e.g. Laboratory 
of Microbiological Reagents, CPHL; Bioconnections; 
Difco; Mercia; Pro-Lab; Unipath). Exclude a false- 
positive result with a control (no antibody) latex reagent. 

2. Confirm that a pure subculture of the agglutinating 
SNF colony is E. coli by biochemical tests, e.g. motility 
(+/—-), indole (+), glucose (acid and gas), lactose (+), 
mannitol (+), Simmons’ citrate (-) and urease (-). 
Cellobiose (—) and KCN (~) results distinguish E. coli 
from E. hermanii which may also agglutinate with the 
0157 reagent. Some VTEC 0157 strains are biochemi- 
cally atypical, e.g. urease +. A MUG test (see above) 
distinguishes VTEC 0157 (—) from most other E. coli 
strains (+). 

3. Instead of testing with a latex reagent, a nutrient 
agar subculture of a biochemically confirmed SNF E. 
coli may be examined for slide agglutination with an 
0157 antiserum (Ch. 9). 

4. Send strains presumed to be E. coli O157 to a 
reference laboratory for confirmation of Vero toxin 
production, O:H serotype and phage type. 

5, When no presumptive VTEC 0157 strain is iso- 
lated from patients with bloody diarrhoea or HUS, send 
faeces to the reference laboratory for identification of 
Vero toxin or VTEC by toxin or toxin gene tests. Alterna- 
tively, send patients’ sera for antibody investigations. 
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Salmonella 


D. C. Old 








Definition of genus Salmonella 


Enterobacteria (i.e. fermentative, facultatively anaerobic, 
oxidase-negative Gram-negative rods) that generally 
are motile, aerogenic, non-lactose-fermenting, urease- 
negative, citrate-utilizing, acetylmethy!-carbinol- 
negative and KCN-negative (i.e. KCN-sensitive). 

' The terminology used here foliows the nomencla- 
ture for the designation of serotypes (see Old 1992) 
and replaces the ‘species’ names formerly used. 


Morphology 


Gram-negative bacilli, 2-4 x 0.6 um, non-acid-fast, 
non-capsulate and non-sporing. Most serotypes are 
motile with peritrichous flagella, but Gallinarum- 
Pullorum is non-motile; non-motile variants 
(OH — O variation) are occasionally found in other 
serotypes. Most strains of most serotypes form type 
1 (mannose-sensitive, haemagglutinating) fimbriae; 
Gallinarum-Pullorum and a few strains in other 
serotypes cither form type 2 (non-haemagglutinating) 
y fimbriae or are non-fimbriate; most strains of 
Paratyphi A are non-fimbriate (Duguid et al 1966). 


Culture 


Aerobic and facultatively anaerobic. Grow on simple 
laboratory media in the temperature range 15—45°C, 
optimally at 37°C. Many strains are prototrophic, 
i.e. capable of growing on a glucose-ammonium 
minima! medium such as that of Davis & Mingioli 
(see 13th edition of this book, p. 109), but some 
strains are auxotrophic and require enrichment of the 
minimal medium with one or more amino acids or 
vitamins, e.g. cysteine or nicotinamide; most Typhi 
strains require tryptophan. 

Nutrient agar and blood agar. After 24h at 37°C, 
colonies of most strains are moderately large (e.g. 
2-3 mm in diameter), grey-white, moist, circular 
discs with a smooth convex surface and entire edge, 





thus resembling the colonies of many other entero- 
bacteria. Their size and degree of opacity varies with 
the serotype, e.g. those of Paratyphi A, Abortusovis, 
Pullorum, Sendai and Typhisuis are relatively small. 
‘Rough’, non-virulent variant strains (S — R varia- 
tion) form opaque granular colonies with an irregular 
surface and indented edge. Many strains of Paratyphi 
B and a few of other serotypes form large mucoid 
colonies, or colonies surrounded by a thick mucoid 
‘slime wall’, when plates are left at room temperature 
for a few days after incubation for 24h at 37°C; 
the mucoid character is due to the formation of loose 
polysaccharide slime. 

Peptone water and nutrient broth. In liquid media 
most strains give abundant growth with uniform 
turbidity. A thin surface pellicle usually forms on 
prolonged incubation. ‘Rough’ (R) variants, which 
have a hydrophobic surface and tend to autoagglu- 
tinate, produce a granular deposit and sometimes 
a thick pellicle. 


Differential and selective solid media 


These media are valuable for the isolation of 
salmonellae from faeces and other materials con- 
taminated with many bacteria of other kinds. ‘They 
include: 


1, MacConkey bile-salt lactose agar (Ch. 5). After 
18-24h at 37°C the colonies are pale yellow or 
nearly colourless, 1-3 mm in diameter, and easily 
distinguished from the pink-red colonies of lactose- 
fermenting commensal coliform bacilli, e.g. Escherichia 
col, which also grow well on this umselectrve difter- 
ential (indicator) medium. 

2. Brilliant green MacConkey agar.* The addition 
to MacConkey agar of brilliant green 0.004 g/litre, 
which is inhibitory to E. col, Proteus species and other 
commensal enterobacteria likely to outnumber the 


* Refer to Methods at the end of this chapter. 
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salmonellae in faeces, makes this an excellent selec- 
tive as well as differential medium for salmonellae 
except Typhi which does not grow well on it. 
Salmonellae appear as low convex, pale-green trans- 
lucent colonies 1~3mm in diameter. Lactose- 
fermenting bacteria, including rare strains of Salmonella 
serotypes, produce blue-purple colonies. 

3. Letfson’s deoxycholate—citrate agar (DCA). * The 
colonies of salmonellae on DCA are similar to or 
slightly smaller in size than those on MacConkey 
agar. They are pale, nearly colourless, smooth, shiny 
and translucent. Sometimes they have a black 
centre and sometimes they are surrounded by a 
zone of cleared medium, but these characters may 
require 48h of incubation for their development. 
Salmonellae are easily distinguished from the opaque 
pink colonies of lactose-fermenting coliform bacilli, 
which are largely inhibited on this selecrive differential 
medium. DCA is also selective for shigellae, which 
give colonies similar to those of salmonellae, and for 
this reason is probably the most widely used plating 
medium for the isolation of intestinal pathogens 
from faeces. Unfortunately, Proteus species prow well 
on DCA and produce colonies that may be mistaken 
for salmonellae or shigellae. 

A useful modification of DCA contains both 
lactose and sucrose (DCLS).* Sucrose-fermenting, 
lactose-non-fermenting strains, e.g. some strains of 
Proteus, form pink colonies on DCLS; hence, the 
number of false-positive cultures requiring biochemical 
testing is reduced and the efficiency of isolation of 
salmonellae and shigellae is increased. 

4. Wilson & Blair’s brilliant-green bismuth sulphite 
agar (BBSA). This medium is particularly valuable 
for the isolation of Typhi. Cultures should be exam- 
ined after 24 h, then again after 48 h. Crowded colo- 
nies about 1 mm in diameter may take up the dye 
from the medium and appear green or pale brown. 
Larger, discrete colonies have a black centre and a 
clear edge. All salmonellae may produce hydrogen 
sulphide which causes the colony to be surrounded 
by a metallic sheen. The medium is highly selective 
for salmonellae, being inhibitory to coliforms, pro- 
teus and shigellae; occasional strains of coliforms 
grow to form dull green or brown colonies, but with~ 
out a surrounding metallic sheen. It is also suitable 
for the isolation of lactose-fermenting strains of 
Salmonella since lactose is not the fermentable 
substrate used in this medium. 

5. Taylor’s xylose lysine deoxycholate (XLD) agar. * 
XLD was developed by Taylor (1965) as a selective 
medium for shigellae because he found that Shigella 
dysentenae and Shigella flexneri were liable to be inhi- 
bited by the concentrations of deoxycholate, brilliant 
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green, selenite and tetrathionate in the selective 
media most used for salmonellae. Sodium deoxy- 
cholate is incorporated in XLD to restrain the growth 
of FE. coh and prevent spreading by proteus, but at 
a concentration of only 0.1 or 0.25%, instead of at 
0.5% as in DCA. 

XLD has other advantages to make it a popular 
medium for the primary plating of faeces from 
suspected salmonella and shigella infections. It gives 
colony appearances that distinguish salmonellae 
from shigellae, and these pathogens from the many 
non-lactose-fermenting strains of non-pathogenic 
enterobacteria which form pale colonies similar to 
theirs on MacConkey and DCA. . é 

Colonies of salmonellae and shigellae are red (alka- 
line to phenol red) because shigellae do not form acid 
from the xylose, lactose and sucrose in the medium 
within 24h and because salmonellae neutralize the 
acid they form from the limited amount of xylose 
by decarboxylating the lysine. 

Most salmonellae (and edwardsiellae) are distin- 
guished from the shigellae because they produce 
hydrogen sulphide which reacts with ferric ammo- 
njum citrate in the medium to produce black centres 
in their red colonies. The shigellae, H,S-negative 
salmonellae (e.g. Paratyphi A) and providenciae form 
red colonies without black centres. 

Yellow (acid) colonies are formed by most other 
enterobacteria, namely (1) those, e.g. E. coli, that 
form so much acid from the lactose and sucrose 
as not to be neutralizable by the decarboxylation of 
lysine, and (2) those, e.g. Citrobacter and Proteus, that 
do not ferment lactose or sucrose, but from failing 
to decarboxylate lysine do not neutralize the acid 
they form from the xylose. The acid reaction delays 
blackening of the colonies of H,S-producing strains 
of Citrobacter and Proteus until after the time for 
reading at 18-24 h, 

6.. Rambach’s agar. This recently described medium 
(Rambach 1990), which contains propylene glycol 
(PG) and a novel chromogenic substrate (Merck) 
to detect [}-galactosidase activity, is claimed to allow 
detection of 98% of ‘customary’ salmonellae. Non- 
typhoidal salmonellae (B-galactosidase-negative) form 
acid from the metabolism of PG and, with a suitable 
pH indicator, grow as red colonies. Coliform bacilli 
(b-galactosidase-positive, PG-negative) grow as blue 
colonies; others (e.g. Proteus, Shigella, Pseudomonas) 
give colourless colonies. PG-negative, typhoidal 
salmonellae may not be recognized on this medium. 
Dusch & Altwegg (1993) were unable to recom- 
mend it as a primary plating medium for faeces, 
but suggested that its high specificity made it an ideal 
plating medium for use after enrichment. 
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7. SM-ID agar. On this medium (bioMeérieux), 
colonies of Salmonella, including Typhi and Paratyphi 
strains, give red colonies because they form acid 
from ghicuronate and are f-galactosidase-negative. 
Colonies of other coliform bacilli are violet (+/+), 
blue (-/+) or colourless (-/—-) depending on their 
glucuronate/(}-galactosidase properties. Because the 
colonies of some strains of EF. coli, Shigella and 
Morganella mimic those of salmoneliae false-positive 
results may be a problem (Dusch & Altwegg 1993). 


Enrichment media 


These are liquid media used to assist the isolation 


of salmonellae from faeces, sewage, foodstuffs and 
other materials containing a mixed bacterial flora. 


_ A larger amount of the material can be moculated 


into an enrichment medium than on to an agar 
plate, so facilitating the isolation of salmonellae when 
these are present only in smal] numbers, During 
incubation, any salmonellae multiply rapidly, while 
E. coli and most other bacteria are inhibited. After 
18-24 h the enriched culture is plated on to a differ- 
ential agar medium, e.g. DCA or XLD, on which 
the production of salmonella-like colonies may be 
observed. Proteus, which is commonly present in 
faeces and sewage, is often able to grow in the 
salmonella-enrichment media and, when it does so, 
will produce salmonella-like colonies in the platings 
on DCA or XLD. Such colonies, therefore, must 
be subjected to tests for their identification. Good 
enrichment media include: 


1. Tetrathionate broth* enriches salmonellae, in- 
cluding Typhi, and sometimes shigellae, but permits 
the growth of Proteus species, which may reduce 
the tetrathionate and thus impair the selectivity for 
salmonellae. 

2. Kauffmann—Miiller tetrathionate broth with brilkant 
green. The addition of brilliant green (0.001%) inhi- 
bits the growth of proteus and so improves the 
selectivity of the tetrathionate broth, but also makes 
it rather too inhibitory to Typhi and shigellae. As an 
alternative to brilliant green, the addition of 40 mg 
novobiocin/litre of medium before the addition of 
iodine serves to overcome interference by proteus 
(Jeffries 1959). | 

3. Selenite F broth* is probably the most used 
enrichment medium for specimens that may contain 
either salmonellae or shigellae. It is excellent for 
Typhi and Dublin, but some salmonellae, e.g. 
Paratyphi A and Choleraesuis, and some shigellae 
may fail to multiply. 

4. Rappaport’s malachite green magnesium chloride 


broth (RV), as modified by Vassiliadis et al (1981), 
has been reported to be more efficient than other 
enrichment media for the isolation of salmonellae 
from faeces, water and foodstuffs (Fricker 1987). 
Although enriched cultures are generally sub- 
cultured on to plates after incubation for 18—24 h, 
more positive results can be obtained if they are 
also plated after 6h and 48h. Many salmonellae 
can multiply at higher temperatures than common 
contaminants and for this reason the selectivity of 
brilliant-green tetrathionate broth, and selenite F 
broth, except for Typhi, may be improved by incu- 
bation at 42-43°C instead of 37°C (Post 1993). 


Biochemical! reactions 


Although most strains conform with the pattern of 
reactions shown for Salmonella in Table 20.2, the 
decision that a bacterium is not a salmonella should 
not be based on the result of only a single test. 
Some strains show exceptional reactions in parti- 
cular tests and it is necessary to consider the general 
pattern of the reactions in a group of tests (for 
biochemical test methods, see Ch. 7). 

All serotypes of the genus Salmonella and those 
of the former genus ‘Arizona’ are now considered to 
belong to one species for which the name Salmonella 
enterica has been proposed (Le Minor & Popoff 
1987); it comprises seven subspecies which, histori- 
cally, have been numbered but now are named. 
Some of the characters useful in the identification of 
the subspecies of S. enterica are shown in Table 21.1, 
which gives the typical reactions for most sero- 
types within each subspecies. Most (> 99.5%) of the 
salmonellae isolated from man in developed coun- 
tries are serotypes of subspecies I (Le Minor et al 
1985) which also contains serotypes commonly 
infecting other mammals. The following description 
relates, therefore, to serotypes of subspecies I; a 
fuller description of the biochemical reactions of 
salmonellae of subspecies II-VI is given by Popoff 
& Le Minor (1992). 


1. Fermentation tests. Carbohydrates are generally 
fermented with the production of acid and gas. 
Typhi, Gallinaram and rare anaerogenic variants 
in other serotypes, e.g. Typhimurium, form only acid. 
Typically, glucose, mannitol, arabinose, maltose, 
dulcitol and sorbitol are fermented, but not lactose, 
sucrose, salicin or adonitol; the ONPG test for B- 
galactosidase is negative. Among exceptional strains, 
Choleraesuis and some strains of Typhi do not fer- 
ment arabinose, whereas Cholcraesuis, the Pullorum 
biotype of Gallinarum, most strains of Typhi and 
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some strains of Paratyphi A and Paratyphi B do not 
ferment dulcitol. 

When reading the results of fermentation tests, 
the different types of reaction should be borne in 
mind. Most strains fermenting a particular sugar 
give ‘strong’ fermentation; they show acid produc- 
tion in sugar peptone water within 6-10h at 37°C 
and can grow on a defined medium with the sugar 
as sole source of carbon and energy. Some strains, 
deficient in the uptake mechanism, give ‘weak’ fer- 
mentation, showing acid production in sugar pep- 
tone water only after 10-20 h and fail to grow ona 
defined medium with the sugar as sole carbon and 
energy source. Thus, biotypes 1-16 of Typhimurium 
give strong fermentation of p-xylose and biotypes 
17-32 weak fermentation (Duguid et al 1975). Non- 
fermenting strains may give rise to fermenting 
mutants and show acid production in a proportion 
of sugar peptone water cultures after incubation 
for two or more days; they might be misread as 
fermenters unless the definitive reading time of 24h 
is adhered to. 

The fermentation of d-tartrate* is observed to 
distinguish the Java biotype (positive) of Paratyphi B 
(negative) and between biotypes of ‘Typhimurium. 
The reaction is not demonstrable by acid production, 
but by the promotion of growth due to utilization of 
the tartrate. The d-tartrate dehydrase of positive 
strains is Oxygen sensitive and the test should be 
done under the poorly aerobic conditions of static 
culture in a deep tube of d-tartrate peptone water, 
in which positive strains give several times as much 
growth and turbidity as negative ones (Duguid et al 
175, Barker 1985). Alternatively, positive reactions 
may be demonstrated by the appearance of growth 
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- Species, S. bongori-(Reeves et al 1989). 
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VI, indica. Subspecies Wa and Illb are the former Arizona; subspecies V may constitute a second 


on a defined d-tartrate medium in plates incubated 
anaerobically for 2 days (Barker 1985), 

2, Decarboxylase tests (Ch. 7). Salmonellae decar- 
boxylate the amino acids lysine, ornithine and 
arginine, but not glutamic acid. Typhi is exceptional 
in lacking ornithine decarboxylase and Paratyphi 
in lacking lysine decarboxylase. 

3. Other biochemical tests (Ch. 7). Most salmonellae 
have the following reactions. Indole not produced. 
Methyl-red positive. Acetyl methyl carbinol not 
produced (i.e. Voges—Proskauer negative). Citrate 
utilized, except by Typhi and Paratyphi A. Malonate 
not utilized. Gluconate not utilized. Urease not 
produced. Phenylalanine deaminase not produced, 
Hydrogen sulphide produced in ferrous chloride- 
gelatin medium, except by Paratyphi A, Choleraesuis, 
Typhisuis and Sendai. No growth in KCN medium. 
Gelatin not liquefied. | 

Other subspectes of Salmonella. Salmonellae of 
subspecies II-IV are uncommon pathogens in man. 
Human infections are more likely to be associated 
with subspecies [Ja and IIIb (formerly designated 
‘Anzona’ or ‘Salmonella arizonae’) than other sub- 
species. In these cases, infections are often asso- 
ciated with sources indicative of animal reservoirs, 
e.g. reptiles, chickens, turkeys, cattle and sheep, or 
with foreign travel (Edwards et al 1959, Weiss et al 
1986, Hall.& Rowe 1992). Human infections with 
salmonella serotypes of subspecies II have been 
documented rarely (Iveson et al 1969, Jegathesan 
1984, Schrire et al 1987, Old 1990). The tests useful 
for identification of the subspecies (Table 21.1) have 
been derived from other sources (Kauffmann 1966, 
Ewing 1986, Popoff & Le Minor 1992, Barrow & 
Feltham 1993). 
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Antigenic structure 


In the Kauffmann—White classification the genus 
Salmonella is subdivided into more than 2300 
serotypes containing different combinations of anti- 
gens. The identification of these serotypes depends 
on detection of the O (somatic) and H (flagellar) 
antigens by means of agglutination tests with specific 
antisera. Many different serotypes have one or 
more of their O or H antigens in common and their 
distinctive antigens have to be demonstrated in 
tests with ‘single-factor’ antisera which have been 
absorbed with heterologous bacteria to free them 
from antibodies to the shared antigens (@rskov & 
Mrskov 1978, Ewing 1986, Le Minor & Rohde 
1986). 

Salmonella antigens are also found in some 


members of other genera such as Escherichia, Shigella, - 


Citrobacter and Proteus. 


O antigens 


These somatic antigens represent the side-chains 
of repeating sugar units projecting outwards from 
the lipopolysaccharide layer on the surface of the 
bacterial cell wall. They are hydrophilic and enable 
the bacteria to form stable, homogeneous suspen- 
sions in saline (0.85% NaCl) solution. Over 60 dif- 
ferent O antigens have been recognized and they are 
designated by arabic numerals. The O antigens are 
heat-stable, being unaffected by heating for 2.5 h 
at 100°C, and alcohol-stable, withstanding treatment 
with 96% ethanol at 37°C for 4h. The former 
procedure destroys flagellar and fimbrial anugens, 
whilst the latter detaches the flagella from the bacte- 
ria. Either method can be used to prepare bacterial 
suspensions susceptible to agglutination by O ant- 
bodies but insusceptible to agglutination by H ant- 
bodies. The O antigens are unaffected by suspension 
of the bacteria in 0.2% formaldehyde, but if flagella 
are present, their fixation by the formaldehyde 
renders the bacteria inagglutinable by O antibodies. 
As will be discussed later, the O antigens are liable 
to be changed in character by form variation and 
lysogenic conversion, and to be lost from the bacteria 
in S — R mutation. 


H antigens 


These antigens represent determinant groups on 
the flagellar protein. They are heat-labile and alco- 
hol-labile, but are well preserved in 0.04-0.2% 
formaldehyde. Heating at temperatures above 60°C 
detaches the flagella frorn the bacteria and de- 
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tachment of all flagella is achieved by heating for 
30 min at 100°C. The deflagellated bacteria are 
inagglutinable by H antibodies but the detached 
flagella remain immunogenic, and suspensions of 
bacteria to be used for the production of O antisera 
should be freed from detached flagella by centri- 
fugation and washing or by inactivation by heating 
for 2.5 h at 100°C, 

In many salmonellae, i.e. other than serotypes of 
subspecies IIa, IV and V, the production of flagellar 
antigens is diphasic, each strain varying spontane- 
ously and reversibly between two phases with differ- 
ent sets of H antigens. In phase I, the bacteria form 
flagella with one or more antigens from a set of 
over 70 H antigens designated by the small letters 
of the alphabet, a to z, then Z;, Z2, Zs, etc. In phase 2, 
the bacteria form flagella with one or more antigens 
from a mainly different set of H antigens. Ihe 
first discovered of these were designated by arabic 
numerals (not implying any relationship with the 
similarly numbered O antigens), but later, certain 
phase-1 antigens, especially e, m, X, 2, l, and w, 
were found in the phase 2 of some serotypes. Phase 2 
used to be termed the ‘group’ or ‘non-specific’ phase 
because mumerous serotypes of salmonellae share 
the same antigens when in this phase. The presump- 
tive identification of serotypes therefore mainly 
depends on the identification of the H antigens in 
phase 1, which are relatively ‘specific’. | 

A given culture of diphasic salmonella may con- 
sist almost entirely of bacteria in the one or other 
phase. A colony or a first subculture of a colony 
is likely to be mainly in one phase because it 
consists only of the recent progeny of a single bac- 
terial cell, Other cultures may contain numerous 
bacteria of each phase. Thus, when a culture in one 
phase is subcultured serially by mass inoculation, 
variants into the other phase multiply until they 
comprise a substantial equilibrating proportion of 
the population. 

The definitive identification of a diphasic salmonella 
always requires the identification of the H antigens 
of both phases. It is therefore necessary to obtain a 
culrure in the different phase from that first isolated 
from the patient. The alternative phase may be ob- 
tained by selective cultivation of the isolate in semi- 
solid agar containing monophasic antiserum to the 
original phase antigens, e.g. by the modified Craigie 
tube method.* 

All serotypes of subspecies IIa, IV and V are 
always monophasic, phase-1 H antigens only. A 
few serotypes of salmonella of other subspecies are 
monophasic, forming flagella with antigens only of 
the phase-1 or, rarely, phase-2 series, and a few 
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serotypes are triphasic, especially those that express 
a higher numbered z antigen in one of their phases, 

Flagella and their antigens may be lost from a 
strain of salmonella by a rare spontaneous mutation, 
termed OH - O variation. This variation is usually 
irreversible, but it is sometimes possible to select 
motile and flagellated back-mutants by stab culture 
in semi-solid agar in a Craigie (1931) tube; the non- 
motile bacteria remain at the site of inoculation 
while the motile mutants swarm away through the 
agar and may be picked up at a distance for sub- 
culture. One or two subcultures by this method can 
also yield richly flagellated variant cultures from 
strains that are poorly flagellated by their genotype 
when first isolated. The abundance of flagella varies 
with the conditions of culture as well as with the 
genotype; it is maximal in young (6 h) broth cultures 
and minimal in older (24h) cultures on thin, firm 
agar plates. 


Kauffmann-—White classification 


This scheme, first developed in 1934, classifies the 
salmonellae irito different O groups, or O serogroups, 
each of which contains a number of serotypes pos- 
sessing a common O antigen not found in other O 
groups. The O groups first defined were designated 
by capital letters A to Z and those discovered later 
by the number (51-67) of the characteristic O anti- 
gen. It is now considered more correct to designate 
each O group by its characteristic O factor, i.e, to 
abandon the letters A~Z used to designate early O 
groups. Hence, O groups become: O2 (A), 04 (B), 
O7 (C,), O8 (C,-C,), O9, 12 (D,), O09, 46 (D,), 03, 
10 (E,) etc. (Ewing 1986, Popoff & Le Minor 1992). 
Groups O2 to 03, 10 (A-E,) contain nearly all the 
Salmonellae that are important pathogens in man 
and animals. 

Within each O group the different serotypes are 
distinguished by their particular H antigen or com- 
bination of H antigens. The antigenic formulae of 
some representative salmonellae are shown in Table 
21.2, which includes the serotypes most virulent in 
man and those commonest in Britain. Fuller tables 
of serotypes are given by Ewing (1986) and Popoff 
& Le Minor (1992). It should be noted that although 
O antigens 6 and 12 are shown in the table as single 
entities, antigen 6 is a complex of two factors, 6, and 
6,, and antigen 12 is a complex of three factors, 12,, 
12, and 12,. 

A scheme for characterization of Ssalmonellae of 
subspecies IIIa and IIIb (the arizonae) was developed 
independently of the Kauffmann-White scheme 
and is still preferred by some workers, particularly in 
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the USA (Farmer et al 1984, Ewing 1986). However, 
it is possible to integrate all arizona serotypes in the 
Kauffmann—White scheme by assigning to them the 
equivalent salmonella O and H antigenic structures 
(Rohde 1979, Popoff & Le Minor 1992), 
Differentiation of antigenically similar strains. As may 
be seen from examples in Table 21.2, not all named 
serotypes have a unique antigenic structure. Paratyphi 
C has the same O and H antigens as Choleraesuis, 
and Typhisuis, and Sendai, a rare cause of enteric 


fever, has the same antigens as the less virulent Miami. - 


Serotypes that share the same antigenic formula 
may be distinguished from one another by bio- 
chemical tests. Thus, Patatyphi C ferments d-tartrate 
and trehalose within 2 days, but not Stern’s glycerol,* 
Choleraesuis ferments d-tartrate, but not trehalose 
or Stern’s glycerol, and Typhisuis only trehalose. 
Sendai ferments arabinose but not Stern’s glycerol, 
whereas Miami ferments Stern’s glycerol but not 
arabinose. Most strains of Gallinarum are anaero- 
genic, ferment dulcito] and maltose, but not rham- 
nose, and do not decarboxylate ornithine; although 
most strains of Pullorum do not ferment dulcitol 
or maltose and do decarboxylate ornithine, different 
reactions in gas production and fermentation of 
rhamnose and xylose allow recognition of two 
biotypes of Pulloruam (Crichton & Old 1990), 


Other surface antigens 


Although the serotype of an enterobacterium 1s de- 
fined mainly by its O and H antigens, there may be 
other antigens at the bacterial surface that determine 
agglutination with homologous antibodies. These 
include the capsular, or K antigens (Kauffmann 
1966, Orskov et al 1977), including the Vi antigen; 
the slime (mucus), or M antigen; and the fimbrial, 
or F antigens (Duguid & Campbell 1969, @rskov 
et al 1977). Such antigens may cause difficulty in 
the serological identification of bacteria either by 
masking the O antigens so that the bacteria are 
inagglutinable by O antibodies or by causing non- 
specific cross-reactions due to their presence in 
unrelated bacteria. 


Vi antigen 


Almost all recently isolated strains of Typhi form 
Vi antigen as a covering layer outside their cell wall. 
This antigen is an acidic polysaccharide. When fully 
developed it renders the bacteria agglutinable by Vi 
antibody and inagglutinable by O antibody. Antigens 
similar to the Vi antigen of Typhi have been found in 


some strains of Paratyphi C, Dublin and Citrobacter 
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“Table 21.2 Antigenic’ formulae of some representative serotypes of Salmonella (Kauftmann—White classification). 
H antigens 
Serogroup O-antigen group” Serotype name” O antigens® and Vi Phase 1 Phase 2 
2 A Paratyphi A 1,2,12 a [1,5] | 
4 B Paratyphi B 1,4,[5},12 b 1,2 | 
Stanley 1,4,[5), 12,27 d 1,2 
Schwarzengrund 1,4,12,27 d 1,7 
Saintpau! 1,4,[5],12 e,h 1,2 
Derby 1,4,[5},12 f.9 [1,2] 
Agona 1,4,12 La.s - | 
Typhimurium 1,4,[5)],12 1,2 | 
Bredeney 1,4,12,27 lv 17 
Brandenburg 1,4,12 Lv e,n,z15 
Heidelberg 1,4,[5],12 r 1,2 
7 C1 Choleraesuis 6,7 Cc 1,5 
Paratyphi C 6,7[Vi) 15 
Typhisuis 6,7 c 1,5 
Viontevideo 6,7,14 a,m,[pj,s [1,2,7] 
Thompson 6,7,14 k 16 
Virchow 6,7 r 12 
Infantis 6,7,14 . r 1,5 
Mbandaka 6,7,14 210 e,n.z15 
8 C2-C3 Muenchen 6,8 d 1,2 
Newport 6,8,20 e,h 1,2 
Hadar 6,6 zi0 e,n,x 
Miami 1,9,12 a 1,5 
Sendai 1,9,12 a 1,5 
9 Di Typhi 9,12[Vi] d - 
Enteritidis 1,9,12 g,m [1,7] 
Dublin 1,9,12, [Vi] gp ~ 
Panama 1,9,12 Iv 1,5 
Gallinarum 1,9,12 a _ 
3,10 E1 Anaturm 3,10,(15)],[15,34] e,h 1,6 
Weltevreden 3,10,[15] r z6 
1,4,19 E4 Senftenberg 1,3,19 g,[s},t - 
17 F Rubislaw 11 r 2,n,x 
13 G 1,13,23 I Iw 





freundu. Freshly isolated strains of Typhi rich in Vi 
antigen (V forms) produce more opaque colonies 
than strains lacking Vi antigen (W forms). Vi rich 
strains maintained by subculture on conventional 
media are rapidly replaced by spontaneously origi- 
nating Vi deficient mutants (V — W variation). 

The Vi antigen is heat-labile. It can be removed 
from the bacteria by heating a suspension for 1h 
at 100°C and centrifuging the bacteria from the 
Vi-containing fluid. Even without heating, Vi antigen 
gradually separates from the bacteria in a saline 
suspension, Tests for Vi antigen are therefore best 
done with a bacterial suspension freshly made from 
an agar culture grown from a V form colony. 


This antigen is a loose extracellular polysaccharide 
slime consisting of colanic acid. It occurs In a sero- 
logically similar form in various unrelated entero- 
bacteria, including serotypes of salmonella and many 
strains of E. coli, and resembles the Vi antigen in 
preventing agglutination by O antibodies. Heating 
for 2.5 h at 100°C removes the M antigen and renders 
the bacteria agglutinable by O antiserum. 


Fimbrial antigens 


Type 1 fimbriae, which are formed by most strains 
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of salmonellae, bear antigens that determine aggluti- 
nation by sera containing anti-fimbrial antibodies 


(Duguid & Campbeil 1969, Duguid 1985). The _ 


bacteria vary reversibly between a fimbriate phase, 
which predominates in 24-48 h broth cultures, and 
a non-fimbriate phase, which predominates in young 
(6h) broth cultures and 24h agar plate cultures 
(fimbrial phase variation, F = N). A common anti- 
gen is present in the fimbriae of different salmonella 
serotypes and strains of citrobacter, but there is no 
sharing of fimbrial antigens with Escherichia, Shigella, 
Klebsiella and Enterobacter. 

The sharing of fimbrial antigens among different 
serotypes of salmonella gives rise to confusing cross- 
reactions if agglutination tests are done with bacteria 
from fimbriate-phase cultures and sera containing 
fimbrial antibodies. Such cross-reactions are best 
avoided by the use of non-fimbriate-phase cultures 
for the preparation of agglutinable bacterial suspen- 
sions, ¢.g. broth cultures grown for only 6 h, glucose 
broth cultures grown for 12h or thin agar plate 
cultures grown for 24 h. 

Like the flagellar antigens, the fimbrial antigens 
are preserved in bacteria held in 0.1 or 0.2% 
formaldehyde. They are detached from the bacteria 
by heating for 30 min at 100°C and are inactivated 
by heating for 15 min at 121°C. Agglutination by 
fimbrial antibodies is best tested with formaldehyde- 
killed bacteria from a 48h broth culture. Fimbrial 
antiserum is prepared by injecting such fimbriate 
bacteria into rabbits and may be absorbed free from 
O and H antibodies with non-fimbriate bacteria 
grown in glucose broth or on agar plates. 


Fi antigens 


In S — R mutation the O antigens are lost and new 
‘R’ antigens are revealed at the bacterial surface. 
Mutational loss of an enzyme required for the 
formation of one of the links in the polysaccharide 
core or side chains of the cell-wall lipopolysaccharide 
leads to an absence of the hydrophilic side chains 
that determine O antigen specificity. The exposed in- 
complete (R,) or complete (Ry) core polysaccharide 
constitutes the R antigen. The R antigens are the 
Same in the R variants from different salmonella 
serotypes, though different from the R antigens of 
other enterobacteria. 

The R variant bacteria tend to outgrow the parent- 
al S bacteria during serial culture in the laboratory, 
They form rough colonies, and are autoagglutinable 
in saline and sensitive to killing by complement. 
Because they are autoagglutinable and lack serotype 
specificity, they are unsuitable for serological tests. 
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R cultures can be recognized by the rapid agglutina- 
tion caused when a dense suspension of the bacteria 


_is mixed with a drop of 0.2% acriflavine in 0.85% 


NaCl solution. This test will detect minor degrees 
of ‘roughness’ not revealed either by colonial mor- 
phology or by inability to form a uniform suspension 
in saline. 


Antigenic variations 


The mutations V —~ W, M > N, S > Rand OH - 
O, and the phase variations of flagellar (phase 1 == 
phase 2) and fimbrial (F = N) antigens have been 
described above. 

Form variation is a spontaneous reversible varia- 
tion in the amount of one of the O antigens, ¢.g. 
factor 1, 6,, 12,, 22, 23, 24 or 25. Different amounts 
of the antigen are found in different colonies in a 
plating from the culture. 

Lysogenic conversion may cause gain, loss or ch ange 
of an O antigen. Thus, in Typhimurium and other 
members of other O groups, the formation of O 
antigen 1 is dependent on the presence in the bac- 
terium of the genome of a temperate A-type phage, 
such as P22, Strains gain or lose O antigen 1 when 
they are lysogenized or delysogenized with the 
phage. The symbols for somatic factors determined 
by phage conversion are underlined in Table 44 Era 
e.g. in group O—3,10 (E1) factors 15 and 15,34 are 
cited as {15} and [15, 34] because they replace factor 
10. Serotype names formerly given to variants con- 
verted by lysogenization have been deleted from 
the Kauffmann—White scheme (Popoff & Le Minor 
1992); thus, serotypes Newington and Minneapolis 
are now called Anatum var 15* and Anatum var 
15",34’, respectively, as they correspond to variants 
of Anatum converted by phages epsilon! and 
epsilon”, respectively. 


Bacteriophage typing 

Strains within a particular serotype may be differen- 
tiated into a number of phage types by their patterns 
of susceptibility to lysis by members of a series of 
phages with different specificities. The determination 
of the phage type of strains isolated from different 
patients, carriers, other sources or vehicles is valuable 
in the epidemiological study of infections because 
it helps to define groups of persons who have been 
infected with the same strain from the same source. 
Serotypes that are subdivided in existing systems of 
phage typing include Typhi, Paratyphi A, Paratyphi 
B, Enteritidis, Hadar, Thompson, Typhimurium and 
Virchow. Thus, over 100 different phage types of 


7. a 


ei 




















— a 


rr 


— el 


Ce ae | 


SALMONELLA fa 


se er a LK 


Typhi and over 230 phage types of Typhimurium 
are distinguished. 

The phage typing of Typhi is done by determining 
the sensitivity of the culture to a series of variants 
of a single phage, Vi-phage II, which have been 
adapted to the different types of typhoid bacillus. 
The specific phage-sensitivity, and thus the phage 
type of the bacterium is determined partly by its 
content of particular ‘type-determining’ symbiotic 
phages and partly by other heritable traits. In other 
serotypes the phage typing is done with sets of un- 
related O-phages collected from a variety of sources. 
The techniques of phage typing are complicated 
and it is usual for cultures to be sent for typing at a 
reference laboratory. 


Biotyping 


Strains in a particular serotype may be differentiated 
into a number of biotypes by the pattern of their 
fermentative and biosynthetic reactions with a series 
of substrates. In Typhimurium, for example, a typing 
system with 15 tests differentiated over 184 different 
biotypes (Duguid et al 1975, Barker & Old 1989, 
Old & Barker 1989). Strains of the same phage type 
may be subdivided into different biotypes and strains 
of the same biotype into different phage types, so 
that a combination of the two methods gives a finer 
discrimination of strains than either method alone 
(Anderson et al 1978). The tests and substrates used 
to biotype Typhimurium are also useful in biotyping 
Paratyphi B and some other serotypes. In Typhi, 
different biotypes may be distinguished by reactions 
with arabinose, dulcitol and xylose. Different bio- 
types of Montevideo may be distinguished by reac- 
tions with inositol, fucose and dulcitol (Reilly et al 
1985). For reliability in biotyping it is essential to 
use standardized methods, media and inocula. It ts 
also necessary to read the results of tests only after 
a ‘definitive’ time of incubation which is chosen to 
distinguish between strains that are genotypically 
capable of giving the reaction in question and strains 
that are genotypically ‘negative’ but able on pro- 
longed incubation to give rise to ‘positive’ mutants. 


Viability 


Salmonellae are readily killed by moist heat, e.g. in 
lh at 55°C or 15 min at 60°C, and most strong 
disinfectants. Cultures on slopes of Dorset’s egg kept 
tightly capped to prevent drying and stored in the 
dark at room temperature usually remain viable for 
at least 10-20 years. Typhi and other salmonellae 
gradually die in contaminated moist natural environ- 


ments outside the body, but some bacilli may survive 
for over 4 weeks in, for example, sewage-pollutéd 
water or moist soil. They die more quickly when 
dried, Typhi often within a few hours, so that spread 
is less likely to take place by dust or dry fomites than 
by water or moist foodstuffs. Many salmonellae, 
however, survive for fairly long periods when dried 
in foodstuffs, e.g. in dried egg, milk or coconut, and 
infections have been carried in such products from 
one country to another. 


Antibiotic sensitivity — 


Many strains are sensitive to chloramphenicol (MIC 
2 mg/litre), ampicillin (MIC 1-8 mg/l), gentamicin 
(MIC 0.25 mg/l), tetracycline (MIC 1 mg/l), cotri- 
moxazole and some other antibiotics. However, 
resistances to individual drugs depend on serotype, 
phage type and country of origin of salmonellae 
(Threlfall et al 1992). Chloramphenicol was con- 
sidered to be the most effective agent for the 
treatment of typhoid fever; an alternative drug was 
cotrimoxazole. 

In 1990, 20% of Typhi strains isolated in the 
UK were resistant to chloramphenicol and > 90% of 
chloramphenicol-resistant isolates were resistant to 
trimethoprim and ampicillin (Threlfall et al 1991), 
thus reducing the efficacy of these drugs. Cipro- 
floxacin should be considered as a first-line choice 
for treatment of typhoid fever in patients likely to 
have acquired infection in areas reporting mult- 
resistant strains of Typhi (Ferrecio et al 1988, Gaunt 
1989, Threlfall et al 1991). It is necessary to test 
the antibiotic sensitivities of any strain isolated from 
a septicaemic illness. 

Salmonella food-poisoning uncomplicated by 
septicaemia should not be treated with antibiotics, 
for there is evidence that such treatment by its effect 
on the norma) intestinal flora. may paradoxically 
prolong the excretion of salmonellae and fail to 
give any clinica] benefit. It is, however, useful to 
determine the sensitivities of food-poisoning strains 
so that prompt treatment may be given in the rare 
cases that become septicaemic. 


LABORATORY DIAGNOSIS OF 
INFECTIONS 


————— ee 


Laboratory diagnosis of salmonella infections de- 
pends mainly on the isojation and identification of 
the causal salmonella from a specimen of the pa- 
tient’s blood, faeces, urine or vomit. Testing the 
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patient’s serum for salmonella antibodies is useful 
only in the diagnosis of enteric fever (Widal reaction) 
and even for this condition the significance of the 
results of the test-is often doubtful: ‘The Widal-test 
is not recommended on a routine basis in areas of 
low endemicity. For the diagnosis of pyrexial ill- 
nesses, physicians should be advised to submit blood 
cultures and faeces to the laboratory and not to rely 
on the fallible serological tests. 

Isolation of a salmonella by blood culture is proof 
that the patient has a salmonella septicaemia. Iso- 
lation from the faeces is of less certain significance; 
in illnesses resembling enteric fever or gastroenteritis 
such an isolation strongly Suggests that salmonella 
infection is the cause, but since salmonellae may be 
present in the faeces of carriers it does not amount 
to proof of a causal role. 

The clinical value of identifying the serotype of 
a salmonella isolate lies in distinguishing the sero- 
types that cause enteric fever in man, namely ‘Typhi, 
Paratyphi A, Paratyphi B and Sendai, from the other 
serotypes, which in man commonly cause gastro- 
enteritis (food-poisoning) but rarely septicaemic 
infections. The value of identifying the serotype of 
a ‘non-enteric-fever’ salmonella is mainly epidemio- 
logical; knowledge of the serotype helps to define the 
sources and vehicles of infection in outbreaks of 
food-poisoning. Phage typing and biotyping may be 
used to obtain more precise information for this 
purpose. 


Specimens for isolation of salmonellae 


Faeces is the specimen most commonly submitted. 
It should be collected in a faeces container, or ‘outfit’, 
a25 ml cylindrical glass or plastic jar with a screw Cap 
bearing on its under side a smal! ‘spoon’. A ‘spoonful’ 
of faeces should be taken from stool that has been 
passed into a clean bedpan or collected on toilet 
paper. The ‘spoon’ should then be replaced in the 
container, taking care not to soil the rim or ou tside of 
the container, and the screw cap should be firmly 
applied. No attempt should be made to collect sev- 
eral spoonfuls of faeces or to {fill the container, If 
delay in transport of the specimen to the laboratory 
is Inevitable, and especially if the weather is warn, 
the faeces should be placed in a container with about 
6 ml of buffered glycerol saline transport medium 
(Ch, 5), | 

Rectal swabs are convenient to collect, but compare 
unfavourably with faeces in their yleld of isolations. 
Faecal swabs, which are swabs dipped into and heavily 
charged with faeces after it has been passed, are good 
specimens. If delay in transit of swabs to the labora- 
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tory is inevitable, they should be placed and submit- 


ted in Stuart’s transport medium (Ch. 5). Pus swabs 


should be treated as rectal or faecal swabs. Specimens 
of urine, vomit or bile should be centrifuged and the 
deposit cultured. 

Blood culture. The isolation of salmonella from 
the blood by blood culture follows the methods de- 
scnbed in Chapter 6. Usually blood cultures are 
subcultured only on to a non-selective medium such 
as blood agar on which salmonella colonies look like 
coliforms and lack distinctive features. It is impera- 
tive, therefore, that all Gram-negative bacilli isolated 
from blood are fully identified. 


lsolation and identification of salmonella 
from faeces | 


The faeces is cultured on plates of one or more kinds 
of selective media, both directly and after preliminary 
culture in a liquid enrichment medium, and the 
plates are observed for the presence of salmonella- 
like colonies. A well separated colony is picked to 
obtain a pure culture and the pure culture is identi- 
fied first by a selection of biochemical tests and finally 
by agglutination tests with specific antisera. The 
choice of culture media and biochemical tests differs 
in different laboratories, but the following scheme 
of procedures for isolation and identification can be 
recommended as being both effective and relatively 
economical in labour. If the presence of enteropatho- 
genic bacteria other than salmonellae is possible, 
additional media and tests will have to be included 
(see Ch. 4 and other relevant chapters). 


1, On the’first day, inoculate a large loopful of 
faeces onto a plate of DCLS (DCA with sucrose as 
well as lactose) or XLD and several loopfuls into 
selenite F broth or, if Typhi need not be expected, 
tetrathionate broth. If the faeces is solid, emulsify it to 
form a dense suspension in peptone water and use 
this suspension for the inoculations. When plating 
on DCLS or XLD, spread the loopful of faeces uni- 
formly over an area at one side of the plate amounting 
to about one-fifth of the whole, Flame the loop, cool 
it in the edge of the agar and recharge it by rubbing it 
over the seeded area. Then, without further flaming 
or recharging, plate out the inoculum on the re- 
mainder of the plate by making about eight strokes 
across it in each of three directions, Because DCLS 
and XLD are selective, they can be thus heavily 
inoculated and yet yield separate colonies. 

DCLS, XLD and other plating media are not 
absolutely selective for salmonellae and shigellae, but 
generally permit the growth of many commensal! bac- 
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teria. Good plating technique, yielding many (e.g. 
100-200) separate colonies, is therefore needed to 
maximize the chances of isolating a pathogen present 
in the faeces in only small or moderate numbers. If, 
for instance, a pathogen constitutes only 1 or 2% of 
the faecal bacteria able to grow on the medium, it is 
likely to be missed in a plating that yields only 20 
or 30 separate colonies. | 

If the specimen is a swab, rub it heavily over-half 
of the DCLS or XLD plate and stroke out with the 
loop over the other half. Then inoculate the swab into 
the liquid enrichment medium, rotating it to disperse 
the faecal material. 

Incubate the plate and the enrichment broth over- 
night at 37°C, The chance of isolating a salmonella 
may be slightly increased if other plates, e.g. 
MacConkey or Wilson & Blair’s BBSA, and enrich- 
ment media, are used as well as DCLS, XLD and 
selenite broth. It is also increased (a) if the selenite 
broth is incubated at 43°C instead of 37°C (except 
for Typhi) and (b) if the broth is examined by plate 
subculture after 6, 48 and 72h as well as after 
18-24 h. However, the slightly enhanced yield of 
salmonellae achieved by the use of multiple selective 
and enrichment media, incubated at different tem- 
peratures and examined after different intervals is 
unlikely to be cost-effective. 

2. On the second day, proceed as follows: (a) Sub- 
culture the enrichment, e.g. selenite, culture by 
plating thinly, for separate colonies, on to DCLS or 
XLD. Do not first shake the broth, because the 
greater motility of salmonellae as compared with E. 
col results in there being a greater concentration of 
salmonellae at its undisturbed surface. If it is con- 
sidered important to detect rare, lactose-fermenting 
variants of salmonellae, also subculture the enrich- 
ment broth on to a plate of brilliant-green bismuth 
sulphite agar (BBSA). These variants give pink colo- 
nies indistinguishable from E£. coli on DCLS, but 
can be recognized by their black colonies on BBSA. 
Incubate the plates overnight at 37°C. 

(b) Examine the primary DCLS plate and any 
other primary plate for salmonella-like colonies, 1.¢. 
‘pale’, non-lactose non-sucrose-fermenting colonies 
on DCLS and red, black-centred colonies on XLD. 
If there are no salmonella-like colonies on the pri- 
mary plate, discard this plate and next day (third day) 
examine the plate subculture(s) from the enrich- 
ment broth for salmonella-like colonies. If there are 
salmonella-like colonies on any of the plates, examine 
and identify one of them as from (3) below. 

3. Seleci for pure subculture and biochemical tests 
a salmonella-like colony that is well separated from 
other colonies. With a straight inoculating wire, pick 
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material from it, inoculate it into 2 ml urea broth 
(Christensen’s medium without agar, Ch. 7) and in- 
cubate for 5—6 h in a water-bath. If there are different 
types of salmonella-like colonies, pick one of each 
type into separate urea broths. 

If all the salmonella-like colonies on the plates 
are crowded and touching other colonies, do not sub- 
culture any of them into urea broth. Instead, pick 
one as cleanly as possible and streak it out thinly on a 
MacConkey plate with the aim of getting well sepa- 
rated colonies. Incubate this plate overnight at 37°C 
and then select a well separated colony for subculture 
into urea broth. This procedure, however, delays the 
examination of the specimen by a day. 

It is unwise to make serological agglutination tests 
on bacteria from a colony, even a well separated one, 
on a selective medium, for such bacteria often give 
unstable or mixed suspensions. If there is great 
urgency in obtaining a serological identification, sub- 
culture a well separated colony on to a moist agar — 
slope and attempt slide agglutination tests after 
incubation for 4 h. 

Alternatively, latex slide-agglutination tests for 
rapid, presumptive diagnosis are available in kit form 
from various commercial sources (e.g. MicroScreen® 
from Mercia). 

4. Examine each urea broth after 5—6 h. If it is pink, 
it is strongly urease positive and probably proteus; 
discard it and regard the culture as negative for 
salmonella and shigella. If it is still colourless, 1.e. 
probably urease negative, use it to inoculate the 
primary identifying tests described in (5) below and 
further incubate its residue along with these tests. 

5. Set up primary identifying tests from the 5—6h 
urea broth culture (late on the same day as that on 
which the culture was grown). With a sterile Pasteur 
pipette, inoculate single drops of the urea broth cul- 
ture into each of the following test media and incu- 
bate overnight at 37°C: glucose, lactose, sucrose and 
mannitol peptone waters (Ch. 7), semi-solid agar 
(Ch. 7; stab down 2 cm), a nutrient agar slope (run 
34 drops over it) and a MacConkey plate (stroke 
out thinly for separate colonies). Before inoculating, 
check that the sugar media are not turbid (i.e. con- 
taminated) and that the Durham tube in the glucose 
medium does not contain a bubble of air. The 
MacConkey plate (‘primary purity piate’) serves to 
check whether the urea broth used to inoculate the 
tests was a pure culture. 

6. Read the primary identifying tests the next day, 
i.e. on the third or fourth day of the examination. 

(a) Confirm that the reincubated urea broth shows 
both bacterial growth (turbidity) and a negative reac- 
tion (colourless). If the urease reaction has become 
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positive, discard the other tests, seed another urea 
broth from a pale colony on the purity plate and 
repeat the examinations from (3) above. Otherwise 
proceed as follows. 

(b) Inspect the primary purity plate to confirm 
that only a single type of colony is present on it and 
that this is pale, i.e. non-lactose-fermenting. If so, 
retain the plate for later inoculation of the secondary 
identifying tests (see 9 below). If not, discard the 
primary tests, seed another urea broth from a pale 
colony on the purity plate and repeat the examina- 
tions from (3) above. 

(c) Read the semi-solid tryptone agar for motility 
(haze spreading from stab line) or non-motility 
(growth confined to stab). Then add 2-3 drops of 
Kovac’s reagent (Ch. 7) and wait a few minutes for 
the development of a pink colour denoting a positive 
indole reaction. 

(d) Read the sugar media for the production of 
acid (colour change) and the glucose medium also for 
the production of gas (bubble in Durham tube). 

(e) Provisionally identify the organism by the reac- 
tions in the primary tests as shown in Table 21.3. 
Discard if neither salmonella nor shigella., 

7. Shde agglutination tests. If the primary biochemi- 
cal tests have identified the organism as a possible 
salmonella, attempt to identify the serotype by slide 
agglutination tests with salmonella antisera. 

(a) Prepare a milky bacterial suspension from the 
overnight slope culture by placing 0.5 ml sterile 
(0.85%) saline in a test tube and, with the same 
pipette, adding several drops of the bacteria-containing 
fluid from the foot of the slope. Retain the pipette 
in the tube of suspension for transferring drops on to 
slides. 

(b) Place a drop of the bacterial suspension on a 
clean slide. Do no more than two tests on the same 
slide, With a 2 mm platinum wire loop that has been 
flamed and cooled in air for at least 20 seconds, take 
a small, bulging loopful of the diagnostic serum and 
























Test Typical reactions of salmoneilae 
Urease - 0 
Motility + (rarely —) a 
Indole _ a: 
Gas from glucose = + (T yphi —) 
Glucose to acid + 0 
Lactose to acid _ 1 
Sucrose to acid - 1 
Mannitol to acid + 1 
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rub it into the bacterial suspension, Mix by tilting to 
and fro for 30-60 seconds while viewing undet a 
good light against a dark background with the naked 
eye. Distinct clumping within 60 seconds is a posi- 
tive result. At once discard the used slide into disin- 
fectant. Take care not to contaminate the fingers or 
bench with the live bacterial suspension. 


For salmonella isolated for the first time, test the 
following sera* in the order (i) to (vi): 


(i) Salmonella polyvalent O (groups A-G, i.e. O2— 
O13) serum on one half of the slide. Test the suspen- 
sion alone on the other half as a control to exclude 
saline autoagglutinability. 

(ii) Salmonella polyvalent H phases 1 and 2 serum 
and polyvalent H phase 2 serum on separate halves of 
a slide, If the polyvalent O and polyvalent H reactions 
are negative, do no further slide tests for salmonella 
except, if the isolate is anaerogenic, to exclude Typhi 
(see vi), but proceed to the secondary identifying 
biochemical tests (see 9 below). If the polyvalent O 
or polyvalent H reactions are positive for salmonella, 
proceed to the slide tests (1)—(v). 

(iii) Individual Salmonella O-group sera 02-013 
in separate tests. Test each of these group-specific 
sera and do not stop the examination when a posi- 
tive result is obtained with one of them, but see (vi) 
below. ; 

(iv) If the culture is in phase 1, i.e. reacts positively 
with mixed phase 1 and 2 H-serum and negatively 
with mixed phase 2 H-serum (see ii above), and if it 
reacts positively with any single O-group serum, test 
it with the single factor H sera (a, b, d, i, etc). Because 
Enteritidis and Typhimurium are the commonest 
serotypes in many countries, it is convenient to begin 
with H-i serum if the salmonella belongs to O-group 
B (04) and with H-d serum if it belongs to O-group 
D (O9). 

(v) If the culture is in phase 2, pass it overnight 
through a Craigie tube* containing phase 2 H serum 
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to change jts phase. Then re-examine with phase-1 H 
sera as in (iv) above. . 

(vi) Typhi may fail to agglutinate with group O9 
(D,) serum because the bacilli are coated with Vi 
antigen. If an anaerogenic culture is found negative 
with the O-group sera, test it with Vi serum. If Vi 
positive, make a suspension of the bacteria in 0.5 ml 
saline, heat for 30 min at 100°C, cool and re-test with 
O9 serum. 

The vast majority (> 90%) of salmonellae isolated 
from man in laboratories in developed countries 


‘belong to serogroups B-D, 1.e. QO-antigen groups 


04-O9 (Turnbull 1979, Le Minor et al 1985, 
Farmer & Kelly 1991) and a few serotypes from these 
serogroups are likely to be dominant at any one time 
(Threlfall et al 1992). In practice, therefore, it is ac- 
ceptable to modify the protocol outlined in 7 (it1)—(v) 
above, by testing first the specific sera for O- 
serogroups B (04), C1 (06,7), C2-3 (O8) and Dl 
(O9) and, only if these are negative, proceeding to 


~ test other available single-factor sera. 


Complete identification by all laboratories of im- 
portant but infrequently occurring salmonella sero- 
types, such as Choleraesuis, Paratyphi A and Typhi, 
is desirable. The value of general laboratories at- 
tempting full identification of phase 1 and phase 2 H 
antigens (as outlined in 7 iv-v) of all salmonella 
serotypes isolated is less clear. 

8. Provisional report. If clear-cut positive results 
have been obtained at this stage, i.e. on the third 
or fourth day (48-72 h after receipt of specimen), 
inform the clinician or health officer without delay. 

9, Secondary identifying tests and sensitrvity tests. 
Do these tests on all first isolates from a patient of a 
bacterium provisionally identified by the primary 
biochemical tests as a possible salmonella. ‘The sec- 
ondary identifying tests should be done regardless 
of whether positive or negative results are obtained in 
the slide agglutination tests, for these slide tests are 
not fully reliable. 

Prepare an inoculum by picking one well separated 
pale colony from the primary MacConkey purity 
plate and suspending it in 2 ml sterile saline. With 
a sterile pipette, inoculate single drops of this sus- 
pension into the following test media (Ch. 7) and 
incubate overnight: citrate agar slope, lysine decar- 
boxylase medium, decarboxylase medium without 
lysine as a control, salicin peptone water, ONPG 
medium, MacConkey secondary purity plate (streak 
out thinly for separate colonies), nutrient agar slope 
(several drops), and a sensitivity agar plate. Spread 
the inoculum uniformly over the sensitivity plate 
and apply an appropriate range of antibiotic discs, 
e.g. chloramphenicol, amoxycillin, co-amoxiclav, 
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cefuroxime, cotrimoxazole and ciprofloxacin. Alter- 
natively, for identification, use a multi-test system 
such as API 20E (bioMeérieux). ; 

10. Next day, read the secondary identifying and 
sensitivity tests. First inspect the MacConkey plate 
to confirm that only one type of colony is present 
and thus that the inoculum was pure. Then read the 
antibiotic sensitivities and the other tests. Identify a 
salmonella by the reactions as shown in Table 21.4. 

11. Confirmatory agglutination tests. Do slide agglu- 
tination tests on bacteria from the secondary agar 
slope culture to confirm the results obtained for 
the primary slope culture or to identify the serotype 
if the previous slide tests were inconclusive (see 7 
above). 

If the secondary tests confirm that the isolate is a 
pure culture of a salmonella, seed it on to two Dorset 
egg slopes and send one to a Salmonella Reference 
Laboratory for final serotyping. Send the clinician 
or health officer a confirmatory report, which should 
include the results of the antibiotic sensitivity tests 
if the illness is enteric fever or septicaemic. If the 
illness is simple gastroenteritis, the sensitivity results 
may be withheld, unless specially requested, so as 
not to encourage unnecessary therapy which may 
be disadvantageous to the patient. 

The identification scheme just described is ad- 
equate for use in-laboratories that send cultures of 
presumptive or partially identified salmonellae to a 
reference laboratory. 

Full, and accurate, serotype characterization 1s 
technically demanding, time-consuming and expen- 
sive because it is necessary (a) to identify both phases 
of the H antigen, i.e. conversion to the alternate 
phase is always necessary, and (b) to confirm the 
results of H antigen identification with a tube agglu- 
tination test. These tests are best performed at a 
reference laboratory. Many laboratories, therefore, 
identify salmonellae isolated from cases of gastro- 
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enteritis with as full a set of biochemical tests as js 
available and confirm that presumptive identification 
serologically with commercially available antisera to 
the level of O-serogroup only. ‘They are content to 
issue a provisional report, e.g. Salmonella serogroup 
B or Salmonella serogroup D (not serotype Typhi), 
while awaiting confirmation of identity and full sero- 
type characterization from a reference laboratory. 

For a description of alternative techniques and 
methods, the reader should consult Pedler & Orr 
(1990). 


Isolation and identification from other 
sources 


Vomit, urine, pus and blood. The methods of iso- 
lation and identification of salmonellae from these 
specimens from patients mainly follow the methods 
just outlined for the examination of faeces. But for 
those specimens, e.g. pus and blood, unlikely to be 
contaminated with other organisms, unselective plating 
media such as blood agar and MacConkey agar are 
used instead of the selective DCLS and BBSA media. 

Faeces of healthy carriers. The number of 
salmonellae in the faeces of an asymptomatic carrier 
may be far fewer than that in the faeces of a patient. 
When, therefore, a search is being made among 
healthy persons for an unknown carrier who has 
been a source of infection in others, it may be neces- 
sary to examine repeated specimens of faeces from 
the suspected individuals, to use more than one 
plating medium and one enrichment medium, and to 
increase the efficiency of enrichment by incubating 
the enrichment media at 43°C and subculturing from 
them after 72 h as well as after 24h. 

When the faeces of known convalescent carriers 
are being examine as a test of cure before return to 
normal employment, it is generally unnecessary to 
use the more exacting methods for isolation, for 
there is little risk of an individual disseminating in- 
fection when only a small number of salmonellae 
is present in a formed, solid stool. It is a matter of 
judgement when a food-handler should be allowed to 
return to work (Pether & Scott 1982, Cruickshank 
& Humphrey 1987, Guidelines 1994), 

Isolation from foodstuffs, The detection of salmon- 
ellae in foods is complex and, there being no single 
protocol that can be used for all foods, the reader 
should first become familiar with the methods re- 
commended by the different Standards Bodies. 
Descriptions of the pre-enrichment, enrichment 
and plating media and the protocols recommended 
have been detailed elsewhere (e.g. British Standards 
Institution 1990, Post 1993); see also Chapter 51, 
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Serological diagnosis by the Widal test 


Tests for the presence of salmonella antibodies in the 


patient’s-serum may be of value-in the diagnosis of 


enteric fever, but are of little help in that of salmo- 
nella food-poisoning. The patient’s serum is tested 
by tube agglutination for its titres of antibodies 
against H, O and Vi suspensions of the enteric fever 
bacteria likely to be encountered, e.g. Typhi and 


Paratyphi B in Britain. Although suspensions may 


be prepared from suitable stock laboratory cultures 
(Sleigh & Duguid 1989), there is little need for that 
nowadays because commercially prepared suspen- 
sions are widely available (e.g. Stained Salmonella 
Suspensions, Wellcome), . 
Customary practice in areas of low prevalence is to 
perform a rapid screening test in tests with commer- 
cial suspensions and neat serum and, if the patient’s 
serum is positive, to prepare a series of dilutions of 
serum to estimate O, H and Vi titres, Full details are 
provided by the manufacturers of commercial kits. 
From an extensive study of sera collected from 
patients during and after the outbreak of typhoid 


fever in Aberdeen in 1964, Brodie (1977) concluded 


that the value of the Widal reaction as an aid to diag- 
nosis was very limited. In contradiction of generally 
held opinion, he found that the H antibody titre 
was a more reliable indicator of infection than the O 
antibody titre. However, Pang & Puthucheary (1983) 
in a detailed study in Malaysia demonstrated the 
diagnostic value of the Widal test in an area where 
typhoid is endemic. 

In interpreting results, it should be noted that 
the serum of some ‘norma!’ (uninfected) persons 
agglutinates salmonella suspensions at titres of up 
to 50, and that persons who have received TAB 
vaccine may show high titre to each salmonella in 
the vaccine. 

For those wishing to perform Widal tests by in- 
house methods, see Chapter 9. 


METHODS 








All the enrichment and Sejective-plating media recom- 
mended in this chapter are available from commercial 
sources, the choice of which will depend on local 
availability and laboratory preference. Full information 
about formulations, directions for preparation, storage 
and use, quality control and source references is 
given in the technical manuals of some manufacturers 
(e.g. for Oxoid media see Bridson 1990, Post 1993). 
For in-house preparation of the most used media, see 
below. 
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Deoxycholate citrate agar (DCA) 


Hynes’ (1942) modification of Leifson’s (1935) medium 
is particularly suitable for the isolation of dysentery 
bacilli, food-poisoning salmonellae and Paratyphi B, 
and less so, but superior to MacConkey agar, for Typhi. 
in the medium described here, Hynes' change to ferric 
citrate from the ferric ammonium citrate of Leifson’s 
medium is not adopted because there is less precipita- 
tion of solution A and the medium is slightly less inhi- 
bitory, providing a better chance of recovering scanty 
pathogens at the expense of some growth of Escherichia 


coli. Various modifications of DCA medium are com- | 


mercially available. 


Neutral red lactose agar 
Meat extract (Lab-Lemco, Oxoid) 20g 
Peptone (Difco proteose) 20g 
Agar 90g 
Neutral red 2% in 50% ethanol 5 ml 
Lactose 40q 
Water 4 litre 


Dissolve the meat extract in 200 ml water over a 
flame. Make just alkaline to phenolphthalein by addition 
of sodium hydroxide, boil at 100°C and filter through 
filter paper. Adjust the pH to 7.4, make up the volume 
to 200m! and add the peptone. Dissolve the agar 
in 3800 ml water by steaming for 1 h at 100°C. Filter if 
necessary to clarify. Add the meat extract and peptone 
solution to the agar solution and mix well. Add the 
neutral red and lactose, mixing again. Bottle in accurate 
100 ml lots and heat for 1h in free steam at 100°C, 
then without intermediate cooling, autoclave for 15 min 
at 115°C. 


Solution A 
Sodium citrate, Na,CgH,O;7.2H2,0 iF g 
Sodium thiosulphate, Na,S,0,.5H,O 179 
Ferric ammonium citrate 4q 
Sterile water 100 ml! 
Solution B 
Sodium deoxycholate 10g 
oterile water 100 ml 


Prepare solutions A and B with sterile precautions, 
heating for 1h at 60°C to facilitate solution. 


Complete medium 


Neutral red lactose agar 100 ml 
Solution A 5 mi 
Solution B 5 ml 


Melt the agar and add solutions A and B with sepa- 
rate pipettes, in that order and mixing well between 
additions. Pour plates immediately, allow to coo! and 


dry their surfaces. Any delay in pouring and cooling 
after addition of the deoxycholate makes the medium 
very soft. The deoxycholate must be pure and should 
be tested with known positive specimens before pur- 
chase because batches vary in their inhibitory capacity. 
The finished medium is pale pink in colour and should 
be quite clear. 

DCA is a heat-sensitive medium. It must not be auto- 
claved or remelted. When prepared from a cornmercial 
powder containing the deoxycholate, the powder must 
be dissolved and ‘sterilized’ with only the shortest 
period of heating at 100°C, with stirring, necessary for 
complete solution. 


DCLS agar 


Addition of sucrose (1%) as well as lactose to DCA 
medium is advantageous in causing non-pathogenic 
coliform bacteria that ferment sucrose but not lactose, 
e.g. Proteus vulgaris and some strains of E. coli, to 
form pink colonies distinguishable from the pale colo- 
nies of salmonellae and shigellae, which do not ferment 
sucrose. 


Wilson & Biair’s BBSA 


The use of this brilliant green bismuth sulphite agar 
(Wilson 1938) depends on the reduction of sulphite 
to sulphide by Typhi and Paratyphi B, which thereby 
form black colonies, and the inhibition of &. coli by 
brilliant green and by bismuth sulphite in the presence 
of excess sulphite. 


Bismuth sulphite glucose phosphate mixture 


Bismuth ammonio-citrate scales 30 g 
Sodium sulphite, Na,SO, 100g 
Disodium hydrogen phosphate, 

NasHPQ,.12H,O 100 GQ 
Glucose 50g 
sterile water 1 litre 


With sterile precautions dissolve the bismuth ammonio- 
citrate in 250 ml boiling water, and the sodium sulphite 
in 500 ml boiling water. Mix the solutions and while 
the mixture is boiling add the disodium hydrogen 
phosphate. When the mixture is cool, add the glucose 
previously dissolved in 250ml boiling water and 
cooled, This mixture will then keep for months. 


lron citrate brilliant green mixture 


Ferric.citrate, brown scales 2g 
Brilliant green 0.25g 
Sierile water 225 mi 


With sterile precautions mix (a) a solution of the 
ferric citrate in 200 ml water with (b) a solution of the 


399 


cl PRACTICAL MEDICAL MICROBIOLOGY 


brilliant green in 25 mi water. This mixture will keep 


for months. 

Complete medium a . 
Sterile nutrient agar 100 ml 
Bismuth sulphite glucose 

phosphate mixture 20 ml 
lron citrate brilliant green mixture 4.5 ml 


Melt the agar and cool to 60°C. Add the other ingre- 
dients with sterile precautions and pour plates. 

When preparing the medium from a commercial 
powder, follow the manufacturer's instructions for 
dissolving and ‘sterilizing’ it with a minimal period of 
heating at 100°C. 

After 18 h salmonella colonies may be clear, green, 
black-centred or black, but after 48h are uniformly 
black and surrounded by a dark zone and metallic 
sheen, Other organisms are usually inhibited, but may 
form green or brown colonies without a dark halo or 
metallic sheen, 


Brilliant green MacConkey agar 


The medium is prepared as MacConkey agar (Ch. 5), 
but with the addition of 0.004 g brilliant greendlitre. 
The brilliant green is inhibitory to E. coli and renders 
ihe medium selective for salmonellae, which form pale 
colonies. 

More complex brilliant green plating media, contain- 
ing both lactose and sucrose, and phosphate buffer, 
are available commercially in powdered form and can 
be recommended. Where phenol red is used as the 
indicator of acid production, salmonella colonies are 
red and the colonies of lactose- or sucrose-fermenting 
organisms are yellow. 


Xylose lysine deoxycholate (XLD) agar 


Taylor’s (1965) formula is as follows: 


Yeast extract 3.0g 
Xylose 3.75 g 
Lactose 7.59 
Sucrose 75g 
i-Lysine HC] 5.09 
Sodium chloride 5.0qg 
Sodium deoxycholate 2.59 
Sodium thiosulphate 6.8q 
Ferric ammonium citrate 0.8 g 
Phenol red 0.08 g 
Agar 15g 
Water 1 litre 


Except for the deoxycholate, thiosulphate and ferric 
ammonium citrate, dissolve the ingredients in the 
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water by autoclaving. Cool to 50°C and add, per litre, 
20 ml of a solution ‘of sodium thiosulphate 34% and 
ferric ammonium citrate 4%, and 25 ml of a solution 
of sodium deoxycholate 10%. Mix, adjust the pH to 6.9 
and at once pour in plates. Read after the seeded 
plates have been incubated at 37°C for only 18-24 h. 

Complete medium in powdered form is available 
commercially, e.g. Oxoid CM469, which contains only 
0.1% of the deoxycholate and 1.25% of agar. Suspend 
53g of CM469 in 1 litre distilled water. Heat with 
agitation to boiling point to dissolve. Avoid prolonged 
heating. Cool to 50°C in a water-bath, adjust the pH to 
7.4 and at once pour in plates. 

Red colonies with black centres: most strains of 
Salmonella, the Arizona group and Edwardsiella. 

Red colonies without black centres:-Shigella, Pro- 
videncia, H2S-negative serotypes of Salmonella, and 
some strains of Morganella morganii, Providencia 
reitgeri and Pseudomonas. 

Yellow colonies: most strains of E. coli, Klebsiella, 
Enterobacter, Citrobacter, Proteus and Serratia. 


Selenite F broth 


The selenite in this enrichment medium (Leifson 1 936) 
inhibits coliform bacilli while permitting salmonetlae 
and many shigeliae to grow. 


Sodium hydrogen selenite, NaHSeO, 4q 
Peptone 5g 
Lactose 4g 
Disodium hydrogen phosphate, 

Na,HPQ,.12H,0 9.59 
Sodium dihydrogen phosphate, 

NaH.PO,.2H.O 0.59 
Sterile water 1 litre 


Dissolve the ingredients with sterile precautions 
and distribute the yellowish solution in about 10 mi 
amounts into screw-capped Universal bottles or to a 
depth of 5 cm in test tubes. Steam for 20 min at 100°C. 
Do not autoclave, for excessive heating spoils the 
medium. The amount of red precipitate should be very 
slight. The pH of the completed medium should be 7.1 
and, if necessary, the proportions of the two phosphate 
salts should be slightly adjusted to attain this value. 

Care must be taken in the preparation and use of 
the medium, for selenium salts are toxic and tera- 
togenic, and volatile derivatives, including hydrogen 
selenide, are toxic when inhaled. 

The selectivity of the medium is diminished if an 
excessive amount of organic material is inoculated into 
it. When attempting to isolate salmonella from food- 
stuffs, either inoculate from a pre-enrichment broth 


‘culture as described above:in this chapter or inoculate 


S~ 


LA 


ne | 


tas 
al 


ee 


r ——— en. 
ee le an Se a ee 


” a 
fine | 


SALMONELLA 


ea nn nnn UR Ea IEE RRR ERNE EERE CAGE OE 


about 1 ml of the supernate of a suspension of about 
3g specimen in 15 mi saline after the debris has 
settled on standing. 


Tetrathionate broth 
Thiosulphate solution 


Sodium thiosulphate, Na,S,03.5H,0 
Sterile water to 


24.8g 
100 ml 


Mix the salt and the water with sterile precautions 
and steam for 30 min at 100°C. This gives a 1 mol/litre 
solution. 


lodine solution 


Potassium iodide, KI 20g 
lodine, | 12.79 
Sterile water to 100 ml 


With sterile precautions dissolve the potassium 
iodide in about 50 ml warm water, add the iodine and 
make up the volume to 100 mi. This gives a 0.5 mol/litre 
solution. 


Complete medium 


Calcium carbonate, CaCO, 2.5g 
Nutrient broth 78 ml 
Thiosulphate solution 15 ml 
lodine solution 4mi 
Phenol red, 0.02% in 20% ethanol 3 mi 


Add the calcium carbonate to the broth and sterilize 
it by autoclaving for 20 min at 121°C. When cool, add 
the thiosulphate, iodine and phenol red solutions with 
sterile precautions. Distribute 10 m! amounts in sterile 
screw-capped bottles or test tubes, Even in the refrig- 
erator the completed medium does not keep for more 
than about 1 week. It is convenient to keep the stock 
solutions and prepare the complete medium as re- 
quired (Knox et al 1942). Ideally the medium should 
be used within a few hours of adding the iodine solution 
to the other reagents. 


d-Tartrate fermentation test 


This test distinguishes Java (positive) from Paratyphi 
B (negative) and between certain other salmonella 
biotypes. it is best done by the turbidity method of 
Alfredsson et al (see Barker 1985). 


Medium 


Peptone, e.g. Oxoid L37 10g 
Potassium o-tartrate 10g 
Sodium chloride, NaCl 3.3 g 
Water, deionized 1 litre 


eee ee 


Make 2 litres of peptone water from the peptone and 
sodium chloride, adjust the pH to 7.0 and autoclave 
at 121°C for 15min. Keep 1 litre for control cultures 
without d-tartrate. To the other litre, add 110 mi of sterile 
(autoclaved) 10% solution of potassium d-tartrate to 
give a final tartrate concentration of 10 g/litre. Check 
and if necessary adjust the pH to 7.0. Dispense the 
two media in 8 ml amounts-in cotton-wool stoppered 
test tubes (12 x 1 cm). 

The test is unreliable if the tartrate medium is more 
alkaline than pH 7.2 and as autoclaving tends to raise 
the pH, the reaction should be checked just before 
use. 


Method 


From a slope culture of the strain to be tested, prepare 
a suspension of about 10° bacteria/m! in saline. Ino- 
culate 0,05 ml amounts of the suspension into a tube 
of the peptone water with d-tartrate and a tube of the 
peptone water without ¢tartrate. Incubate the tubes 
for 24h at 37°C under aerobic static conditions, i.e. 
in air, but without movement or artificial aeration. 

To read, mix the contents in each tube and compare 
their turbidities. Fermenting strains give at least twice, 
and usually three to five times as much growth in the 
medium with a-tartrate as in that without. Non-ferment- 
ing strains give about the same amount of growth in the . 
two media (difference usually under 30%). 


Sera for the identification of saimoneliae 


Diagnostic antisera can be prepared in the laboratory 
by immunizing rabbits with the appropriate antigens, 
but agglutinating antibodies to cross-reacting antigens 
must be removed by absorption and the method (see 
Ewing 1986, Le Minor & Rohde 1986) is not only tedi- 
ous but also requires considerable expertise. It is usual, 
therefore, to employ commercially prepared antisera 
(e.g. from Wellcome). The choice of sera to be held 
in the laboratory will vary with the type of specimens 
received, but the following sera would be suitable for 
a large hospital or public health laboratory. 


O antisera 


Polyvalent-O, groups A—-G 
O2, group A 

04, group B 

O6,7, group C, 

O8, Group C, 

O9, group D 
(03,10,15,19, group E 
O11, group F 

013,22, group G 
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Vi antiserum 
H antisera 


Polyvalent-H, phase-1 and phase-2 
Polyvalent-H, phase 2 factors 1,2,5,6,7 
Monovalent-H specific factors a, b, c, d, gm, |. 


As an alternative to holding a range of H antisera, 
a laboratory that isolates salmonellae infrequently may 
choose to use the three so-called rapid diagnostic sera, 
with the addition of i-H serum. 


Rapid diagnostic 1-H (factors b,d,E,r) 

Rapid diagnostic 2-H (factors b,E,k,L) 

Rapid diagnostic 3-H (factors d,E,G,k) 
E = polyvalent for e,h and e,n,x, etc. 
G = polyvalent for g,m and g,p, etc. 
L = polyvalent for I,v and I,w, etc. 


Antigens for production of antisera. For in-house 
production of sera, O antigens should consist of agar- 
grown bacteria heated for 2.5h at 100°C, separated 
by centrifugation, treated with 96% ethanol for 4h at 
37°C, centrifuged and resuspended in saline. H anti- 


gens should consist of bacteria from a young (6h) - 


broth culture grown from a colony of the required 
phase and killed by the addition of formaldehyde to a 
concentration of 0.2%. 


Craigie tube method for changing H 
phase 


1. Prepare tubes or bottles containing 5—10 ml semi- 
solid nutrient agar (e.g. 0.2-0.3% agar, according to 
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quality) and a small inner tube open at both ends 
with the upper end projecting well above the agar. 

2. Melt the medium, cool to 50°C and add 0.5 ml of 
a 1 in 5 dilution of non-specific-phase H serum to one 
tube and 1 ml of the same dilution to another tube. 

(The serum is previously sterilized by filtration.) Allow 
to cool and solidify. | 

3. When the medium has solidified, inoculate the 
non-specific-phase culture with a straight wire into the | 
agar inside the inner tube. Take care not to spill any c 
inoculum outside this tube. Incubate at 37°C. 

4. After the shortest period, e.g. 8-16 h, required 
for swarming, take material for subculture from the | 
agar outside the inner tube. Specific-phase variant 
bacteria can swarm freely from the inner tube, but the 
parental, non-specific-phase bacteria are immobilized | 
at the site of inoculation by the non-specific-phase | 
antibodies. 

9. Prepare subcultures on agar slopes and in | 
nutrient broth, and confirm the change of phase by 
demonstrating the absence of agglutination with poly- 
valent-H non-specific serum. Then use the subculture 
for identification of the specific-phase H antigens. 

Phase change is not always achieved at the first 
attempt. When necessary, repeat the procedure at 
least three times before conc! uding that the salmonella 
has no alternate phase. 


Agglutination tests 


For methods for performing slide and tube agglutination 
tests, see Chapter 9. 


of 1964. I. The Widal reaction. Journal of Hygiene 
79: 161-180 

Craigie J 1931 Studies on the serological reactions of the 
flagella of B. typhosus. Journal of Immunology 21: 417-511 

Crichton P B, Old D C 1990 Salmonellae of serotypes 
Gallinarum and Pullorum grouped by biotyping and 
fimbrial-gene probing. Journal of Medical Microbiology 
32: 145-152 

Cruickshank J G, Humphrey T J 1987 The carrier food- 
handler and non-typhoid salmonellosis. Epidemiology and 
Infection 98: 223-230 

Duguid J P 1985 Antigens of type-1 fimbriae. In: Stewart- 
Tull D ES & Davies M (eds) Immunology of the bacterial 
cell envelope. John Wiley & Sons, Chichester, ch 11, 
pp 301-318 

Duguid J P, Campbell I 1969 Antigens of type-1 fimbriae of 
salmonellae and other enterobacteria. Journal of Medical 
Microbiology 2: 535-553 

Duguid J P, Anderson E S, Campbell I 1966 Fimbriae and 
adhesive properties in salmonellae. Journal of Pathology 
and Bacteriology 92: 107-138 





Ny 


te 9 


SALMONELLA 21 





Duguid J P, Anderson E S$, Alfredsson G A, Barker R, Old 
DC 1975 A new biotyping scheme for Salmonella 
typhimurium and its phylogenetic significance. Journal of 
Medical Microbiology 8: 149-166 

Dusch H, Altwegg M 1993 Comparison of Rambach agar, 
SM-ID medium, and Hektoen enteric agar for primary 
isolation of non-typhi salmonellae from stool samples. 
Journal of Clinical Microbiology 31; 410-412 

Edwards P R, Fife M A, Ramsey C H 1959 Snuidies on the 
Arizona group of Enterobacteriaceae. Bacteriological 
Reviews 23: 155-174 

Ewing W H 1986 Edwards and Ewing’s Identification of 
Enterobacteriaceae, 4th edn. Elsevier, New York, 
pp 1-536 

Farmer J J], Kelly M T 1991 Enterobacteriaceae. In: Balows A, 
Hausler W J, Herrmann KL, Isenberg H D, Shadomy H J 
(eds) Manual of clinical microbiology, 5th edn. American 
Society for Microbiology, Washington, ch 35, pp 360-383 

Farmer J J, McWhorter A C, Brenner D J, Morris G K 1984 
The Salmonella-Anzona group of Enterobacteriaceae: 
nomenclature, classification and reporting. Clinical 
Microbiology Newsletter 6: 63-66 

Ferreccio C, Morris J G, Valdivieso C et al 1988 Efficacy of 
ciprofloxacin in the treatment of chronic typhoid carriers. 
Journal of Infectious Diseases 157: 1235-1239 

Fricker C R 1987 The isolation of salmonellas and 
campylobacters. Journal of Appled Bacteriology 
63: 99-116 

Gaunt P N 1989 Use of quinolones in typhoid fever. 
Quinolones Bulletin 5: 17-22 

Guidelines on bacteriological clearance following gastro- 
intestinal infection 1994 Communicable Diseases and 
Environmental Health in Scotland Weekly Report 
28 (94/26): 8-12 

Hall M L. M, Rowe B 1992 Salmonella arizonae in the United 
Kingdom from 1966 to 1990. Epidemiology and Infection 
108: 59-65 

Hynes M 1942 The isolation of intestinal pathogens by 
selective media. Journal of Pathology and Bacteriology 
54: 193-207 

Iveson J B, Mackay-Scollay E M, Bamford V 1969 
Salmonella and Arizona in reptiles and man in Western 
Australia. Journal of Hygiene 67: 135-145 

Jeffries L 1959 Novobiocin-tetrathionate broth: a medium of 
improved selectivity for the isolation of salmonellae from 
faeces. Journal of Clinical Pathology 12: 568-571 

Jegathesan M 1984 Salmonella serotypes isolated from man 
in Malaysia over the 10-year period 1973-1982. Journal of 
Hygiene 92: 395-399 

Kauffmann F 1966 The bacteriology of Enterobacteraceac. 
Munksgaard, Copenhagen, pp 1-400 

Knox R, Gell P G H, Pollock M R 1942 Selective media for 
organisms of the salmonella group. Journal of Pathology 
and Bacteriology 54: 469-483 

Le Minor L, Popoff M Y 1987 Request for an opinion. 
Designation of Salmonella enterica sp. nov., nom. rev., as 
the type and only species of the genus Sa/monella. 
International Journal of Systematic Bacteriology 
37: 465-468 

Le Minor L, Rohde R 1986 Guidelines for the preparation of 
Salmonella antisera. WHO Collaborating Centre for 
Reference and Research on Salmonella. Institut Pasteur, 
Paris pp 1-67 

Le Minor L, Le Minor 8, Griimont P A D 1985 Rapport 
quadnennal du Centre national des Salmonella sur l’orgine 


et la répartition en serotypes des souches isolées en France 


continentale au cours des années 1980 a 1983. Revue d’ 
Epidémiologie et de Santé Publique 33: 13-21 

Leifson E 1935 New culture media based on sodium 
desoxycholate for the isolation of intestinal pathogens and 
for the enumeration of colon bacilli in milk and water. 
Journal of Pathology and Bacteriology 40: 581-599 

Leifson E 1936 New selenite enrichment media for the 
isolation of typhoid and paratyphoid (Salmonella) bacilli. 
American Journal of Hygiene 24: 423—432 

Old D C 1990 Sabnonella. In:.Parker M T, Duerden B I 
(eds) Topley & Wilson’s Principles of bacteriology, 
virology and immunity, 8th edn, vol 2. Arnold, London, 
Ch 24, pp 469-493 

Old D C 1992 Nomenclature of Salmonella. Journal of 
Medical Microbiology 37: 361-363 

Old D C, Barker R M 1989 Numerical index of the 
discriminatory ability of biotyping for strains of Salmonella 
typhimurium and Salmonella paratyphi B. Epidemiology and 
Infection 103: 435-443 

@rskov F, @rskov I 1978 Serotyping of Enterobacteriaceae 
with special emphasis on K antigen determination. 
In: Bergan T, Norris J R (eds) Methods in microbiology, 
vol 11. Academic Press, London, ch 1, pp 1-77 

@rskov I, @rskov F, Jann B, Jann K 1977 Serology, 

’ chemistry and genetics of O and K antigens of Eschenchia 
colt. Bacteriological Reviews 41: 667—710 

Pang T, Puthucheary S D 1983 Significance and value of the 
Widal test in the diagnosis of ryphoid fever in an endemic 
area. Journal of Clinica) Pathology 36: 471-475 

Pedler S J, Orr K E 1990 Association of Clinical Pathologists 
Broadsheet 124, May 1990. Examination of faeces for 
bacterial pathogens. Journal of Clinical Pathology 
43: 410-415 

Pether J V 8, Scott R] D 1982 Salmonella carriers: are they 
dangerous? A study to idennfy finger contamination with 
salmonellae by convalescent carriers. Journal of Infection 
5: 81-88 

Popoff M Y, Le Minor L. 1992 Antigenic formulas of the 
Salmonella serovars, 6th rvn. WHO Collaborating Centre 
for Reference and Research on Salmonella. Insutut Pasteur, 
Paris, pp 1-145 

Post D E 1993 Food-borne pathogens: Salmonella. Unipath 
Ltd, Basingstoke. Monograph no. 1, pp 1-40 

Rambach A 1990 New plate medium for facilitated 
differentiation of Salmonella spp. from Proteus spp. and 
other enteric bacteria. Applied and Environmental! 
Microbiology 56: 301-303 

Reeves M W, Evins G M, Heiba A A, Pikayus B D, 
Farmer ] J 1989 Clonal nature of Salmonella typhi and its 
genetic relatedness to other salmonellae as shown by 
multilocus enzyme electrophoresis and proposal of 
Salmonella bongori comb. nov. Journal of Clinical 
Microbiology 27: 313-320 

Reilly W J, Old D C, Munro D S, Sharp J C M 1985 An 
epidemiological study of Salmonella montevideo by 
biotyping. Journal of Hygiene 95: 23-28 

Rohde R 1979 Serologische Integration aller bekannten 
Arizona species in das Kauffmann-White Schema. 
Zentralblatt fur Bakteriologie, Parasitenkunde, . 
Infektionskrankheiten und Hygiene 243: 148-176 

Schrire L, Crisp S, Bear N, McStay G, Koornhof H J, Le 
Minor L. 1987 The prevalence of human isolates of 
Salmonella subspecies II in southern Africa. Epidemiology 
and Infection 98: 25-31 


Sleigh J] D, Duguid J P 1989 Salmonella. In: Collee J G, 


Duguid J P, Fraser A G, Marmion B P (eds) Mackie & 


403 


ee 


a Jat 7a 
om a BD mee err eB ee ee ee ee dl 


2 PRACTICAL MEDICAL MICROBIOLOGY 


McCartney’s Practical medical microbiology, 13th edn. 
Churchill Livingstone, Edinburgh, ch 29, pp 456-481 

‘Taylor W 1 1965 Isolation of shigellae 1. Aylose lysine agars: 
new media for isolation of enteric pathogens. American 
Journal of Clinical Pathology 44: 471-475 

Threifall E J, Rowe B, Ward L R 1991 Occurrence and 
treatment of multi-resistant Salmonella typhi in the UK. 
PHLS Microbiology Digest 8: 56-59 

Threlfall E J, Rowe B, Ward L R 1992 Recent changes in the 
occurrence of antibiotic resistances in Salmonella isolated in 
England and Wales. PHLS Microbiology Digest 9: 69-71 

Turnbull P C B 1979 Food poisoning with special reference 
to Salmonella — its epidemiology, pathogenesis and control. 


404 


Se ES ae 


Clinics in Gastroenterology 8: 663-714 

Vassiliadis P, Kalapothaki V, Trichopoulos D, Mavrammati 
C, Serie C 1981 Improved isolation of salmonellae from 
naturally contaminated meat products by using Rappaport- 
Vassiliadis enrichment broth. Applied and Environmental 
Microbiology 42: 615-618 

Weiss S H, Blaser M J, Paleologo F P et al 1986 Occurrence 
and distribution of serotypes of the Arizona subgroup of 
Salmonella strains in the United States from 1967 to 1976. 
Journal of Clinical Microbiology 23: 1056-1064 

Wilson W J 1938 Isolation of Bact. typhosum by means of 
bismuth sulphite medium in water- and milk-borne 
epidemics. Journal of Hygiene 38: 507-519 


en 





irre 
ce 
- 


4 


22 


Shigella 
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BIOLOGICAL CHARACTERS 
Definition of genus Shigella 


Enterobacteria (fermentative, facultatively anaerobic, 
oxidase-negative Gram-negative rods) that are non- 
motile, non-lactose-fermenting and non-citrate- 
utilizing, and infect the intestinal mucosa to cause 
dysentery in man. 

All shigellae form acid from glucose, but except for 
a few serotypes, not gas. None forms acetylmethyl- 
carbino!l or ferments adonitol, inositol or salicin. 
None forms lysine decarboxylase, liquefies gelatin, 
deaminates phenylalanine, utilizes malonate or forms 
much H.S. The principal characters distinguishing 
the shigellae from other enterobacteria are shown in 
Table 20.2 (Ch. 20). 

In clinical bacteriology the shigellae are treated 
beside the salmonellae, for both are intestinal patho- 
gens and are isolated from faeces as non-lactose- 
fermenting colonies on bile-salt media. Biologically, 
however, they are more closely related to the 
escherichiae, with which they share antigens and some 
strains of which cause invasive, dysentery-like infec- 
tion of the intestinal mucosa. The strains of Escherichia 
coli formerly called Alkalescens—Dispar (A—D) organ- 
isms resemble the shigellae in being non-moule, non- 
or late-lactose-fermenting and non-gas-producing. 


Morphology 


Like salmonellae, shigellae are non-sporing non- 
capsulate Gram-negative rods, 2-4 x 0.6 [m, but 
unlike most salmionellae, are non-motile and non- 
flagellate. Fimbriae (type 1) occur only in Shigella 
flexneri, though not in serotype 6 and some strains 
in other flexneri serotypes (Duguid & Gillies 1957). 


Culture 


Aerobic and facultatively anaerobic. Optimal tem- 


perature for growth is 37°C; Shigella sonnet grows 
well even at 10°C and 45°C. Grow well on conven- 
tional media, but none grows on a simple glucose— 
ammonium salts medium unless supplemented with 
nicotinic acid and, for some strains, other growth 
factors. 


1. Nutrient agar and blood agar. Smooth, greyish 
or colourless, translucent colonies, often 2—3 mm in 
diameter, resembling those of salmonellae. Colonies 
of S. sonnei are slightly larger and more opaque than 
those of other shigellae. S. sonnei has two antigenic 
forms, sometimes incorrectly called ‘phases’, a term 
that should be reserved for reversible (e.g. H antigen) 
variation, as in salmonellae. Form | colonies, which 
predominate in primary platings, are like the colonies 
of other shigellae. Form 2 colonies, which arise by 
irreversible variation from form 1 and are seen in early 
subcultures from primary isolates, are larger and less 
opaque and have an irregular, matt surface and a 
crenated edge. This variation probably corresponds 
to S > R variation in salmonellae. 

2. MacConkey agar. Colonies are pale and yellowish 
(non-lactose-fermenting) and resemble those of 
salmmonellae. Colonies of S. sonnet, a Jate fermenter of 
lactose, become pink when incubation is prolonged 
beyond 24 h. 

3. Deoxycholate citrate agar. DCA (Ch. 21) is an 
excellent selective plating medium for the isolation 
of shigellae from faeces. Colonies are pale and similar 
to, though usually slightly smaller, e.g. 1-1 5 mm in 
diameter, and more transjucent than those of salmon- 
ellae. They do not form a black centre. On prolonged 
incubation, those of S. sonnei form pink papillae. 

4. Wilson and Blair’s brilliant green bismuth sulphite 
medium. Shigellae do not grow on this medium (Ch. 21). 

5, Xylose lysine deoxycholate. XLD (Ch. 21) is 
probably the best selective medium for shigellae, 
being less inhibitory to S. dysenteriae and S. flexneri 
than DCA. Colonies are red and, unlike those of 
most salmonellae, without black centres. 


405 


_ F 
BO a EE ES TL Te: TBs i i i: 
Ee 


22 PRACTICAL MEDICAL MICROBIOLOGY 


6. Peptone water and nutrient broth. Good growth 
with uniform turbidity on incubation overnight at 
37°C. Some strains, especially fimbriate ones, form 
a surface pellicle on longer incubation. 

7. Enrichment broths. Selenite F broth (Ch. 21) 
will grow and enrich S. sonnei and S. Jlexneri serotype 
6, but is inhibitory to other shigellae. Tetrathionate 
broth and brilliant green media (Ch. 21) are inhibi- 


_ tory and unsuitable for enrichment cultures. Enrich- 


ment is best done in uninhibitory nutrient broth or 
weakly inhibitory GN broth (Koneman et al 1992),* 


Biochemical reactions 


The shigellae are divided into four groups, or species, 
by their biochemical reactions {in tests described 
in Ch. 7) and antigenic structure (Table 22.1). The 
groups A, B, C and D correspond to the species 
S. dysenteriae, S. flexneri, S. boydii and S. sonnet. 


I, Fermentation of carbohydrates. Most strains 
attack sugars with production of acid but not gas, 
though some strains in two serotypes, S. flexneri 
serotype 6 (Newcastle and Manchester varieties) and 
S. boydii serotype 14, form gas. Glucose is fermented 
by all strains, 

Lactose is not fermented within 24 h by any strain 
nor on longer incubation by the majority. Most 
strains of S. sonnet, however, ferment lactose after 
several days and some strains of S. dysenteriae type | 
also produce acid on prolonged incubation. 

The ONPG test for B-galactosidase is usually 
negative in groups A, B and C, but positive reactions 
are given by 15% of strains of S. dysenteriae (espe- 
cially type 1), 8% of strains of S. boydii (regularly 
by type 5 strains) and all strains of S. sonnet. 

Mannitol reactions are important because they 
distinguish group A strains, which do not ferment 
mannitol, from groups B, C and D, most strains 
of which do ferment it. There are, however, some 
mannitol-negative strains in nearly all serotypes, e.g. 
the Newcastle variety of S. flexneri serotype 6 and 
the biotype ‘S. rabaulensis’ of S. flexneri serotype 4a. 

Dulcitol is not fermented by the majority of 
shigellae, but the Newcastle and Manchester varieties 
of S. flexneri serotype 6 and strains of S. dysenteriae 
serotype 5 and S. boydit serotypes 2, 3,4, 6 and 10 are 
dulcitol fermenters. 

Sucrose is not fermented except by S. sonnei and 
some strains of S. flexneri when incubation is pro- 
longed for several days. Xylose is not fermented 
except by the mannitol-negative biotype of S. flexneri 


* Refer to Methods at the end of this chapter. 
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type 4a and some strains of S. boydii and S. sonnei. 
Salicin is not fermented except by rare strains of 
S. sonnei. Adonitol and inositol are not fermented. 

2. Indole production. S. dysenteriae serotype 1,-S. 
flexneri serotype 6 and S. sonnei are always indole 
negative. Strains of other serotypes differ in their 
reactions. 

3. Catalase test. The general finding that entero- 
bacteria produce catalase has important exceptions 
in S. dysenteriae serotype 1 and a few strains of 
S. flexneri (mostly in serotype 4a) which are catalase 
negative. 

4. Decarboxylase tests. Members of groups A, B 
and C fail to decarboxylate lysine and ornithine. 
S. sonnei decarboxylates ornithine but not lysine. 

5S. Other biochemical tests, Urease negative. Methyl- 
red positive. Voges—Proskauer negative. Citrate not 
utilized. KCN broth negative. Gluconate not utilized. 
Malonate not utilized. Phenylalanine deaminase 
negative, Gelatin not liquefied. H,S not produced. 


Antigenic structure 


Shigellae are differentiated by their somatic (O) anti- 
gens into serotypes identified by agglutination tests 
with absorbed specific antisera (Kauffmann 1969, 
Edwards & Ewing 1972, Brenner 1984). Some 
serotypes. may be identified by agglutination with 
unabsorbed sera, but absorbed sera must be used 
for other serotypes between which minor antigens 
are shared. 


Group A 


S. dysenteriae contains 12 serotypes, each charac- 
terized by a different type antigen. Serotypes 1 and 
2 are the organisms formerly called S. shigae and 
S. schmitzti. Serotype 2 shares a minor antigen with 
serotype 10, 


Group B 


For more than 50 years S. jlexneri was known to 
have a complex antigenic structure. This structure 
was elucidated by Boyd in the decade 1930-40 (see 
Rowe 1990). A simplified antigenic scheme for the 
Six serotypes and two variants is set out in Table 22.2, 
Serotypes 1-6 are characterized by their possession 
of different specific type antigens, designated I-VI. 
They share other, group antigens, from a series de- 
signated 1-8. The serotypes 1—4 are each divided into 
subserotypes by the nature of their group antigens. 
Variants X and Y have lost their type antigens and are 
distinguished by their different group antigens. 
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Species, serotype 
and variety 


S. dysenteriae 
1 (S. shiga) | 
2 (S. schmitzii) 
3-12 


S. flexneri 
1-5, X and Y 
6, variety 88) 
6, variety Newcastle 


6, variety Manchester 


S. boydii 
1-18 


S. sonnei 
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Serotype. __Subserotype _ Type_antigen Group antigens? _| - 
1 la | 4 
1b | 6 
2 2a tl Ju, 4 
2b iN 7,8 
3 3a il 6, 7,8 
3b [I 3, 4,6 
| 4 4a IV 3,4 
| 4b WV 6 
5 5a V 3,4 
5b Ve 7,8 
6 lee 4 VI ~ 
X variant... + oe 7,8 
3,4 


Y variant 7 = 





* Not all group antigens are listed. 





The O antigens of S. flexneri represent the structure 
of the O-specific side chains of repeating sugar units 
of the cell-wall lipopolysaccharide. The type antigens 
reflect the nature of the linkages of secondary o- 
glucosyl side-chains, which differ among the sero- 
types, and the group antigens reflect common 
sequences in the primary side-chains (Simmons & 
Romanowska 1987). The type antigens are deter- 
mined by specific prophages and the serotype of a 
strain may be changed by lysogenization. The group 
antigens appear to be determined by genes on the 
bactenal chromosome. ) 

Although serotype 6 strains are classified as S. 
jlexnert because they share group antigens with other 
S. flexneri serotypes, they show differences that would 
justify their classification in a separate genus; their 
cell-wall lipopolysaccharide has a very different 
basal (core) structure from that common to the other 
serotypes of S. flexner: (Simmons & Romanowska 
1987) and their gas-producing property and lack of 
fimbriae are also distinctive. 


Group C 


Eighteen different serotypes of S. boydii are recog- 
nized. Sharing of antigenic components between 
serotypes 10 and 11 makes the use of absorbed sera 
necessary for their identification. 


Group D 


S. sonnei is antigenically homogeneous, but the 
form-2 (R) variant is antigenically different from the 
form-1 (S) variant. 
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Cross-reactions between groups 


There are close relationships between the O antigens 


of many ‘shigella’serotypes and those of serotypes 


in other Shigella species and certain serotypes of 
Eschenchia coli and its Alkalescens—Dispar varieties. 
For example, the O antigen of S. dysenteriae serotype 
1 is related to the O antigens of E. coli O-group 1 and 
A-D group |; that of S. dysenteriae serotype 2 to 
those of S. boydu serotype 15 and E. coli O1ll12a, 
O112c; that of S. dysenteriae serotype 3 to that of 
E. coli 0124; those of S. flexneri serotypes 2, 3 and 4 
to that of E. cok O13; that of S. flexneri serotype 6 
to those of S. boyd serotype 5, FE. coli O19a and 
A-D group 2; those of S. boyd serotypes | and 4 to 
that of A—D group 1 (also Boyd 1 to £. coli O2 and 
Boyd 4 to E. coli 053); and that of S. boydii serotype 
6 to that of S. sonnei form-2 (R). 

The O antigen of S. sonnei form-1 (S) is unrelated 
to the O antigens of other enterobacteria, including 
E. coli O-groups 1-145, but is identical with that 
of a polar-flagellated oxidase-positive Gram-negative 
rod previously designated ‘paracolon C27’ and now 
classified as Plestomonas shigelloides (Ch. 24). 

The relationships of some shigellae, particularly of 
S. boydit serotypes, with Alkalescens—Dispar organ- 
isms are of particular importance because the latter 
organisms resemble shigellae in being non-motile, 
anaerogenic and, in many strains, non-lactose- 
fermenting. More recently the enteroinvasive E. coli 
(e.g. E. colt serotype O124 and others) have been 
noted to exhibit antigen sharing with, and biochemical 
similarity to, shigellae. A full range of biochemical 
tests and tests with carefully absorbed sera are neces- 
sary to differentiate these organisms from shigellae. 


K antigens 


Some strains in many shigella serotypes are in- 
agglutinable by homologous O antisera because they 
possess a K antigen, which may or may not be 
visible as a capsule and which covers their O antigen. 
The K antigen in each O serotype appears to be 
specific for that serotype and different from those 
in other serotypes; exceptions are the related K anti- 
gens of S. boydu serotypes 10 and 11. In cases where 
the same O antigen Is present in a shigella serotype 
and an £. coli O-group, the K antigens of the organ- 
isms are also similar. Like the B variety of K antigen 
in &. colt, the K antigens of shigellae are heat-labile 
and the cultures possessing them can be rendered 
ageglutinable by O antisera by heating at 100°C for 
1 h. Heat treatment is most commonly required for 
some strains of S. dysenteriae and S. boyd. 
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Fimbrial antigens 


Fimbriate strains in the different serotypes of S. 
flexneri form identical fimbrial antigens (Gillies & 
Duguid 1958). Richly fimbriated cultures obtained 
by prolonged or serial culture in broth, e.g. 3 passages 
at 37°C for 48 h periods, are agglutinable by antisera 
raised to fimbriate cultures of any serotype. Minor 
antigens are shared between the fimbriae of S. flexneri 
and those of E. coli and Klebsiella aerogenes, but 
there is no sharing with salmonella fimbriae. Anti- 
bodies to the shared coli-flexneri fimbrial antigens 
are present in the sera of many persons and some 
unimmunized rabbits. Fimbriae may be removed 
from the bacteria by heating at 100°C for 30 min 
and washing by centrifugation, but misleading cross- 
agglutination reactions are best avoided by using 
only agar-grown non-fimbriate-phase cultures for 
the preparation of agglutinable bacterial suspensions 
and immunizing antigens. 


Typing of strains for epidemiological 
purposes 


Within groups A, B and C the determination of sero- 
type has an epidemiological value and subdivision of 
the serotype is rarely attempted. 

Phage typing. The subdivision of 4. flexneri by 
the method of phage typing distinguishes a number 
of different phage types within each serotype and a 
total of 123 phage types have been identified by 
Milch et al (1968). 

S. sonnei consists of only a single serotype and tt is 
in this species that there is the greatest requirement 
for subdivision by some other typing method, Phage 
typing has been attempted in S. sonnei, but instability 


of type and the predominance of strains of one — 


phage type did not encourage its use (Tee 1955); the 
method has, however, been found useful and reliable 
over a long period in Sweden where up to 21 out of 
about 100 recognized phage types were distinguished 
in a single year (Kallings et al 1968). An extended 
phage-typing scheme for S. sonner has been described 
by Pruneda & Farmer (1977). 

Colicin typing. In most centres, however, the 
method of colicin typing* is used for the subdivision 
of S. sonnei strains because the method is simpler 
than that of phage typing and the typing characters 
are more stable. 


Viability 
Cultures retain their viability well, e.g. for many 
years on Dorset’s egg. All types are killed by moist 


heat at 55°C in 1 h and fairly readily by strong disin- 
fectants, e.g. by 1% phenol in 15 min. The bacilli 
tend to die within a few hours in faeces allowed 
to become acid due to the growth of commensal 
bacteria, but can survive for some days in faeces kept 
non-acid in buffered glycerol solution or preserved 
at 4°C. They mostly die within a few hours if dried, 
but under some circumstances survive for several 
(e.g. 5-20) days, for example in faeces dried on cloth, 
or on soiled lavatory seats and other fomites, in cool, 
damp, dark conditions. S. sonnei is more resistant 
and survives better in the environment than the other 
species of Shigella, a difference that may explain why 
Sonne dysentery has not been as readily controlled 
by improvements in community hygiene as the other 
types of bacillary dysentery. 


Antibiotic sensitivity 


Different strains of a serotype differ in their sensiti- 
vity to sulphonamide, chloramphenicol, tetracycline, 
streptomycin, neomycin and other antibiotics, and 
some show multiple resistance due to the acquisition 
of a transmissible resistance plasmid. Therapy with 
antibiotics tends to prolong the excretion of shigellae 
and is best avoided except in severe illnesses, when 
it should be based on the results of an antibiotic 
sensitivity test made on a culture isolated from the 
patient. 


LABORATORY DIAGNOSIS OF 
SHIGELLA DYSENTERY 


Shigellae are rarely present in the body other than 
in the intestine and the laboratory diagnosis of 
bacillary dysentery can be made only by the isolation 
of a shigella from the faeces. A positive finding in 
a case of diarrhoeal illness is practically diagnostic 
of shigella dysentery. Shigellae may, however, be 
present in the faeces of chronic carriers and so may 
occasionally be found in the faeces of a patient with 
diarrhoea due to a cause other than shigellosis, but 
mistakes due to such a coincidence are likely to be 
rare. 

Shigellosis is very infectious and in a study of 
Sonne dysentery in general practice, Thomas & 
Tillett (1973) reported that 30% of all contacts were 
infected. 

Determination of the serotype of an isolate is 
necessary to confirm its identity as a shigella and has 
a further epidemiological value in defining groups 
of patients infected with the same serotype from a 
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common source. Phage typing or colicin typing of 
strains within a serotype defines even more precisely 
the similarities and differences between strains from 
different sources. t. on ee Ferre eal 

Antibody production is irregular in bacillary 
dysentery and tests for antibody in patient’s serum 
have no place in diagnosis of the disease. 


Isolation of shigellae from faeces 


Specimen collection and method of examination are 
identical to those described in Chapter 21 for the 
isolation of salmonellae. The scheme of investigation 
follows that set out in Chapter 21 for salmonellae, 
but ‘there are some important points that apply 
specifically to the diagnosis of shigella infections. 


1. Microscopy 


In severe shigellosis the diarrhoeal faeces may be 
blood stained and it is necessary to exclude amoebic 
dysentery. Make a wet film of a suspension of the 
faeces in saline. This will show numerous erythro- 
cytes and polymorphs and some macrophages. Care 
must be taken not to mistake the macrophages for 
the vegetative forms of Entamoeba histolytica, which 
have relatively smaller nuclei and are usually motile 
in warm fresh specimens (see Ch. 42). 


2. Plate cultures 


Recognition and further examination of pale (i.e. 
non-lactose-fermenting) colonies on the primary 
DCA and MacConkey plates, or red colonies on 
XLD, is the most reliable method for isolating 
shigellae. | 


3. Enrichment media 
Preliminary culture in liquid enrichment media, 
which greatly increases the isolation of salmonellae, 
is much less helpful in the diagnosis of shigellosis. 
Sometimes, however, it may enable the isolation of 
shigella bacilli present in small numbers in the faeces 
of a healthy carrier. Iveson (1973) reported that 
direct plating on DCA was superior to a variety of 
enrichment methods for the isolation of shigellae. 
Price (1976) found that Selenite F broth, the only 
enrichment medium that may be of value, signifi- 
cantly increased the recovery of S. sonnei from fresh 
specimens, but not from faeces sent to the laboratory 
by post. 

It is preferable that enrichment should be done 
by culture in uninhibitory nutrient broth or weakly 
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inhibitory GN broth.* If practicable, these cultures 
should be plated out on to DCA or XLD after 6h ° 
at 37°C as well as after 18-24h. Subcultures at 6h 
are often positive when later ones are negative.” 


4. Primary identifying biochemical tests 


These are the same as those for a suspect salmonella 
(see Table 21.3). The typical biochemical reactions 
of Shigella species are: 


Urease = 

Motility = 

Indole or + 

Gas from glucose — (rarely +) 
Glucose to acid , 
Lactose to acid 


+ 


(S. sonnei + on extended 
incubation for 2-8 days) 


Sucrose to acid 
Mannitol to acid + (S. dysenteriae —) 


5. Slide agglutination 


If the organism is a possible shigella, carry out sero- 
logical slide agglutination tests (with sera specified 
below*) on a suspension of about 10!° bacteria/ml in 
saline in the following order: 


a. S. sonnei (form 1 and 2) serum on one half of 
a slide; test the suspension without serum on the 
other half to exclude autoagglutinability in saline. 
If positive, test no further sera. If negative, test: 

b. S. flexneri polyvalent. If positive, test in turn 
S, flexneri types 1-6, X, Y. If negative, test: 

c. § boyd polyvalent. 

d. S. dysenteriae polyvalent. , 

e. If a shigella-like organism is not agglutinated 
by O antisera in the tests above, suspect the presence 
of a masking K antigen. Make a suspension of the 
culture in 0.5 ml saline (about 10° bacteria/ml), heat 
at 100°C for 1 h, cool, centrifuge, resuspend in fresh 
saline and re-test with the range of O antisera. 


6. Secondary identifying biochemical tests 


These differ from those for a suspect salmonella 
(see Table 21.4) in that melibiose peptone water is 
inoculated instead of ONPG medium, The typical 
reactions of shigellae are: 


Growth on citrate - 
Lysine decarboxylase — 
Salicin to acid ~ 
Melibiose to acid — (S. flexneri and 
S. boydi may be +) 


“y 


7. Tube agglutination 


Tube tests should be done if there 1s any doubt about 
the results of the slide agglutination tests or if the 
biochemical reactions of the isolate are atypical. 


Reference laboratories that stock the full range of 


single factor sera use these to extend the presumptive 
identification made with polyvalent (composite) sera: 
positive slide agglutination results are confirmed by 
tube agglutination. 

Prepare the antigen for tube agglutination tests by 
suspending the growth from a nutrient agar slope or 
plate either in saline containing 0.2% formaldehyde 
or in mercuric iodide solution® to a density of ap- 
proximately 4 x 10° bacteria/ml. If the strain is thought 
to contain a masking K antigen suspend the growth 
in saline, heat at 100°C for 1h, centrifuge and 
resuspend the deposit in formaldechyde-saline. Do 
not use broth cultures because S. flexneri when grown 
in broth may form fimbmial antigens which interfere 
with the test. Set up the test as for salmonella tube 
ageglutinations (Ch. 21) with the dilution of antiserum 


in the first tube 1 in 10, i.e. a final serum dilution of 


1 in 20 when an equal volume of antigen suspension 
has been added to it. Incubate the tubes at 50°C for 
4h and read the results. Identification depends on 
agglutination occurring at the stated titre of the serum. 


Bacteria that may be confused with 
shigellae 


Gram-negative bacilli of several other genera share 
many biochemical reactions with the shigellae and 
some share antigens with particular shigella sero- 
types. These bacteria may be mistaken for shigellae, 
particularly because some strains of shigella differ 
in one or more of their biochemical reactions from 
the pattern typical of their serotype. 


(1) Salmonella. Non-gas-producing and non- 
motile strains of salmonellae may be mistaken for 
shigellae if only a limited range of biochemical tests 
is carried out. The tests of most value for the differ- 
entiation of such salmonellae from shigellae are those 
for citrate utilization, H,S production, decarboxyla- 
tion of lysine and ornithine, and agglutination with 
polyvalent salmonella O and H sera (see Ch. 21). 

(ii) Alkalescens—Dispar group. These non-motile, 
non-gas-producing non-lactose-fermenting members 
of the genus Escherichia may mimic shigellae in the 
initial biochemical] tests and some strains share anti- 
gens with particular shigella serotypes. ‘They can be 
differentiated in tests of bacteria heated at 100°C for 
0.5 to 1h with absorbed type-specific sera for the 
different shigella and Alkalescens—Dispar serotypes 
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(see Ch. 20). Some A-—D strains are distinguished 
by their decarboxylation of lysine. 

(iii) Hafma. Hafnia organisms are non-lactose- 
fermenting bacilli that otherwise resemble organisms 
in the genus Enterobacter. They are distinguished 
from shigellae by their motility and their positive 
gluconate, malonate, ornithine-decarboxylase and 
citrate-utilization reactions (see Ch. 20). Some hafnia 
strains share O antigens with certain shigella serotypes, 
e.g. S. flexneri type 4a, and S. boydi type 11. 

(iv) Providencia. These non-lactose-fermenting 
organisms are distinguished from shigellae by their 
motility and t’ heir ability to deaminate phenyla- 
lanine (see Ch. 20). 

(v) Plestomonas shigelloides. This Gram-negative 
bacillus, which shares antigens with S, sonnei form | 
and resembles it in being anaerogenic and non- 
lactose-fermenting, is distinguished by its motility, 
positive oxidase reaction, positive indole reaction 
and failure to ferment mannitol (see Ch. 24). 


METHODS 
DCA, XLD and Selenite media are described in the 
Methods section of Chapter 21. 


GN broth 


This enrichment broth is less inhibitory than Selenite F 
broth and is recommended for the isolation of shigellae 
as well as salmonellae (Koneman et al 1992). | 


Polypeptone peptone : 20g 
Glucose 19 
b-mannitol 2g 
Sodium citrate 59Q 
Sodium deoxycholate 0.5g 
K,HPO, 4g 
KH,PO, 159g 
NaCl 5g 
Distilled water to 1 litre 
Final pH 7.0 


Inoculate a loopful of faeces into a 10 ml volume in 
a tube, incubate at 37°C and subculture to DCA or 
XLD after 6 h and 18-24 h. 


Sera for the identification of shigeliae 


Typing sera should be purchased from commercial 
sources (e.g. Wellcome) because laborious absorp- 
tions are required to make sera sufficiently specific 
(Edwards & Ewing 1972). The set of antisera held 
should comprise at least those for S. dysenteriae 
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(polyvalent for serotypes 1-10), S. flexneri (polyvalent 
for serotypes 1-6 and variants X and Y), S. boydii 
(polyvalent for serotypes 1-15) and S. sonnei (forms 1 
and 2), Additional monovalent sera for the different 
S. dysenteriae, S. flexneri and S. boydii types should 
be kept if the laboratory. examines many faecal 
specimens and is situated in an area where bacillary 
dysentery due to these serotypes is prevalent. 


Mercuric iodide solution for use in tube 
agglutination tests | 


Mercuric iodide | | * ihe 


Sodium chloride 0.45 gq 
Formalin (40% HCHO) 0.2 ml 
Potassium iodide 0.49 
Distilled water to : ~ 100 ml 


Store at room temperature. 
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Colicin typing of S. sonnei 


The majority of strains of S. sonnei are colicinogenic 
and different strains produce colicins active against 


different susceptible ‘indicator’ strains of S. sonnei 
and other enterobacteria. The ability of a strain to pro- 
duce a particular colicin is a fairly stable character and 
strains are therefore typed by identifying the colicins 
they produce by a test of their ability to inhibit the 
growth of a set of selected indicator strains. The sensi- 
tivity of S. sonnei strains to colicins is a less stable 
character, so that a system of typing based on ob- 
servations of the sensitivity of the strains to standard 
colicins is unsatisfactory. 

The method of typing S. sonnei by observation of 
colicin production recommended by Gillies (1964) is 
based on. that of Abbot & Shannon (1958). It was 
described in the 13th edition of this book. 
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Pseudomonas, Stenotrophomonas, Burkholderia 


J. R. W. Govan 





Members of these three genera of aerobic, Gram- 
negative, non-fermentative bacilli are widely duis- 
tributed in nature as saprophytes or as commensals 
and pathogens for man, plants, animals and insects 
and were originally contained within the genus 
Pseudomonas. In the genus Stenotrophomonas 
(Xanthomonas), S. maltophilia is the only notable 
opportunistic pathogen. Recently, transfer of seven 
species of Pseudomonas rRNA group I, P. cepacia, 
P. mallei, P. pseudomailei, P. caryophilh, P. gladiol, 
P. pickettti and P. solanacearum to the new genus 
Burkholderia was proposed (Yabuuchi et al 1992). 
For the purpose of this chapter the generic title 
Pseudomonas will be maintained. 

In medical microbiology, of the species that are 
opportunist pathogens in patients immunologically 
compromised by disease or treatment, P. aeruginosa 1s 
pre-eminent, followed by S. maltophilia, P. fluorescens, 
P. putida, P. cepacia, P. pickettti and P. stutzeri, Other 
species of Pseudomonas which may cause opportunis- 
tic infections include P. (Sphingomonas) paucimobilts, 
P. mesophilica (now assigned to the genus Methyl- 
bacterium), P. alcaligenes and P. pseudoalcahgenes. 
P. fluorescens and P. putida are capable of growth at 
4°C: such cold tolerance may result in fatal iatrogenic 
infection if contaminated products are refrigerated 
and later used for intravenous therapy (Scott et al 
1988). Two species, P. pseudomallei and P. mallei, 
cause severe and often fatal infections in healthy 
persons or animals and must be processed with 
extreme caution in the laboratory. The remaining 
species, numbering 100, have little or no role as 
commensals or pathogens for man or animals. Some 
are plant pathogens or are associated with particular 
plant hosts, e.g. P. tomato; others are of interest 
because of particular physiological properties, e.g. 
P. testosteroni. Some species are of doubtful taxo- 
nomic status since the genus, in the past, often served 
as a convenient dumping ground for taxonomically 
difficult organisms. 


The extent to which a laboratory should attempt 


to identify glucose-non-fermenting Gram-negative 
bacilli to species level will depend on various factors 
including the nature of the infection, the immune 
status of the host, the need for epidemiological 
surveillance and the resources available. 

All pseudomonads are aerobic Gram-negative 
bacilli; motile (except P. mailei), with polar flagella, 
mono- or multitrichous; oxidase positive (except 
S. maltophilia and P. mallei) and catalase positive. 
Some species can grow anaerobically using nitrate 
as an alternative electron acceptor. Typically, the 
breakdown of carbohydrates is oxidative. Oxidation 
of sugars yields relatively smal] amounts of acids, and 
acidification is best detected in ammonium-salts 
medium, in which the sugar is the only carbon 
source. Many species produce characteristic water- 
soluble pigments. The fluorescent pseudomonads, 
P. aeruginosa, P. fluorescens and P. putida, produce 
pyoverdin (fluorescein), a yellow fluorescent pigment 
that acts as a bacterial siderophore. In addition to 
producing pyoverdin, P, aeruginosa strains Can pro- 
duce the phenazines pyocyanin (blue) and pyorubnn 
(red). Rare isolates of P. aeruginosa and P.. cepacia 
produce the dark brown pigment pyomelanin which 
is chemically distinct from animal melanin, ‘Table 
23.1 lists characteristics that distinguish the species 
of greatest medica] importance. 


PSEUDOMONAS AERUGINOSA 


P. aeruginosa is a classic opportunist pathogen with 
innate resistance to many antibiotics and disin- 
fectants. It is physiologically versatile and flourishes 
as a saprophyte in warm moist situations in the 
human environment, including sinks, drains, respira- 
tors, humidifiers and disinfectant solutions. Isolation 
of P. aeruginosa from healthy carriers or environ- 


mental sites is significant only when there is a risk 


of transfer to compromised patients, e.g. by nurses’ 
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hands or via respirators. Normally, the human faecal 
carriér rate for P. aeruginosa is less than 10%; how- 
ever, Carrier rates increase with the length of stay 
of patients in hospital, reaching 30% after 3 weeks, 
and this represents a distinct risk of endogenous 
infection. 

In patients with no clinical evidence of infection, 
isolation of P. aeruginosa, particularly in association 
with other resistant organisms such as Candida, can 
be a consequence of selection by antibiotic therapy 


‘and of little direct clinical relevance. Infections due 


to P, aeruginosa are seldom encountered in healthy 
adults but in the last two decades the organism has 
become increasingly recognized as the aetiological 
agent in a variety of serious infections in hospitalized 
patients with impaired immune defences (Neu 1983) 
including human immunodeficiency virus infection 
(O’Donnell et al 1993, Hickey & Shanson 1993), 
Colonization is often iatrogenic and associated 
with prior instrumentation, e.g. catheterization, tra- 
cheostomy, etc. Susceptibility to infection with P. 
aeruginosa may also be occupational, e.g. ear infec- 
tions in deep sea divers, or'it may be recreational 
as in cases of whirlpool-associated (jacuzzi) rash. P. 
aeruginosa is the most feared cause of corneal ulcera- 
tion, hence great care must be taken in maintenance 
and cleaning cf contact lenses (Dart & Seal 1988). 

. Despite the emphasis on caution in assessing the 
clinical significance of P. aeruginosa, there are un- 
doubtedly occasions when serious infection occurs. 
Panophthalmitis can result in partial blindness or 
loss of an eye. The organism is the major cause of 
malignant otitis media; otitis externa in saturation 
conditions necessary for deep water diving is painful 
and socially debilitating. Endocarditis and septi- 
caemia caused by P. aeruginosa is relatively rare but 
carries a mortality rate exceeding 70% in patients 
compromised by severe burns, cancer or drug addic- 
tion. Arguably, the most significant pathogenic 
role for P. aeruginosa at present is in the chronic 
debilitating pulmonary infections due to mucoid 
variants that are now the major cause of death 
in patients with cystic fibrosis (Govan & Nelson 
1992). Quantitative estimates of the number of 
P. aeruginosa organisms present in these respiratory 
infections can be used to indicate the progression 
from early colonization to infection (107 orgs/ml), 
and in the early years of colonization to assess the 
efficacy of antibiotic treatment. 

Assessment of the significance of a particular 
episode or outbreak of pseudomonas infection, and 
selection of the most appropriate management proce- 
dures, require knowledge and appreciation of both 
the organism and the host. This can best be achieved 
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by consultations between microbiologist and clini- 
cian that take account of the patient’s clinical status, 
the factors responsible for susceptibility to infection 
and any virulence factor exhibited by the particular 
strain of P. aeruginosa. Putative virulence factors 
known to be produced in vitro and in vive include 
the most active factor, toxin A, but also elastase 
and other proteases that are of importance in corneal 


infection, and the alginate-like polysaccharide pro- 7 


duced by mucoid variants from patients with cystic 
fibrosis. Typing methods are important in epidemio- 
logical studies to determine sources of infection and 
modes of spread. 


Morphology and staining 


Gram-negative, non-sporing rods; motile, usually 
with a single polar flagellum. Fimbriae may be pre- 
sent and are usually polar and non-haemagglutinating. 
P. aeruginosa cultured from the respiratory tracts 
of patients with cystic fibrosis or other obstructive 
airways diseases produce large amounts of alginate, 
an exopolysaccharide consisting of mannuronic and 
guluronic acids which gives rise to strikingly mucoid 
colonies and to the formation of bacterial micro- 
colonies; in Gram films these mucoid variants may 
be seen as microcolonies or biofilms attached to 
the respiratory mucosa. Alginate is distinct from 
pseudomonas slime, a heterogeneous mixture of 
hexoses produced by all P. aeruginosa strains on 
prolonged incubation in media with high carbon, 
low nitrogen content. 


Cultural characters 


Grows readily on minimal media and on most 
common diagnostic media, e.g. MacConkey’s agar. 
Growth on blood agar may produce diffuse haemoly- 
sis. As with most pseudomonads, P. aeruginosa is 
nutritionally adaptable and can utilize a wide range 
of organic substrates as carbon and nitrogen sources, 
Cultures produce a characteristic, grape-like smell of 
aminoacetophenone, Strict aerobe, although nitrate 
can be used as an electron acceptor to permit 
anaerobic growth, Temperature range 542°C, opti- 
mum 37°C; unlike most other pseudomonads, P. 
aeruginosa will grow at 42°C. Optimum pH 7.4-7.6. 

After aerobic incubation on nutrient agar for 24h 
at 37°C, six distinct colonial types of P. aeruginosa 
may be observed (Phillips 1969). Type 1 is the 


most common and easily recognized; the colonies 


are large, low convex, rough in appearance and often 
oval with the long axis in the line of the inoculum 
streak; sometimes they are surrounded by a serrated 
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skirt of growth. Type 2 colonies are small, smooth, 
domed and described as coliform-like. Colony types 
3 and 4 are also small and appear rough and rugose 
respectively. The mucoid alginate-producing type 
5 is very striking; the copious exopolysaccharide 
produced may result in merging colonial growth 
and may eventually drip onto the lid of the Petri 
dish. The dwarf colony type 6 is the smallest colony 
form of P. aeruginosa; dwarfs are usually variants of 
the mucoid colonial form and may appear slightly 
mucoid. 

Colonial dissociation from one colony type to 
another is frequently. observed both on subculture 
and in primary diagnostic plates and does not neces- 
sarily indicate the presence of more than one strain. 
Dissociation is observed most frequently between 
colony types 1 and 2, and these forms, together 
with, the dwarf type 6, are often seen as non-mucoid 
revertants of the mucoid type 5 form. The only 
generally accepted associations between particular 
colonial types with environmental or infectious loci 
are the frequent isolation of coliform type 2 forms 
from environmental sources and the characteristic 
isolation of mucoid type 5 strains from the respira- 
tory secretions of patients with cystic fibrosis or 


_ other chronic obstructive airways diseases. Many 


P. aeruginosa strains exhibit a moth-eaten type of 
colonial lysis with a metallic sheen known as 
iridescence. Although the phenomenon resembles 
lysis due to bacteriophage, it has no association 
with phage activity. Colonies on blood agar may be 
surrounded by a zone of haemolysis. On MacConkey 
agar, the characteristic pigments are often poorly 
observed. 


Production of pigments 


Demonstration of the presence of the blue phenazine 
pigment pyocyanin is absolute confirmation of a 
strain as P. aeruginosa and thus the major diagnostic 
test. The yellow/green pigment pyoverdin (fluorescein) 
is also produced by-most strains, giving the charac- 
teristic blue-green appearance of infected pus or 
cultures. Pyocyanin, pyoverdin and pyorubrin are 
easily identified on nutrient or sensitivity test agars; 
the more rarely produced dark brown pyomelanin 
may require growth on medium containing 1% 
tyrosine (Ogunnariwo & Hamilton-Miller 1975). 


Biochemical reactions 


In general, P. aeruginosa appears inert in the typical 
tests (including API 20E reactions, bioMérieux) used 
for fermentative Gram-negative bacilli, e.g. indole, 
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and H,S are not produced, Voges-Proskauer and 
methyl red reactions are negative. Tests that may 
be used to characterize P. aeruginosa, particularly 
when pyocyanin production is absent or doubtful, 
are shown in Table 23.1. 


Sensitivity to chemical and physical 
agents 


P. aeruginosa survives well in wet environments but 
is less resistant to drying and relatively sensitive to 
heat, e.g. being killed by exposure to 55°C for 1 h. 
The species has exceptional resistamce to anti- 
bacterial agents and consequently is an important 
potential contaminant of pharmaceutical and cos- 
metic preparations. Its presence in such products 
must be avoided to prevent inactivation of the 
medicaments as well as infection of the user. In the 
preservation of ophthalmic solutions, phenylethanol 
is recommended for use in combination with a suit- 
able broad-spectrum antibacterial such as benzalko- 
nium chloride, or chlorocresol, or to a lesser extent 
chlorhexidine. Other effective combinations include 
EDT A-benzalkonium and EDTA-—chlorocresol. 

Care is required in the choice and use of disin- 
fectants to reduce P. aeruginosa surface contamina- 
tion on instruments and in hospital sinks and drains. 
P. aeruginosa is resistant to many disinfectants, in- 
cluding quaternary ammonium compounds; indeed, 
Dettol and cetrimide are incorporated in selective 
media for isolation of pseudomonads. Cidex (a 
2% aqueous alkaline solution of glutaraldehyde) ts 
suitably active against P. aeruginosa but care must 
be taken to avoid accidental overdilution and to 
follow the manufacturer’s instructions for the pre- 
paration and replacement of in-use dilutions. Alter- 
natively, where appropriate, contamination may be 
eliminated by heating to 70°C. 


Antibiotic sensitivity and resistance 


P. aeruginosa has high intrinsic resistance to many 
antibiotics at levels attainable in body tissues. Anti- 
biotics likely to be most effective are the amino- 
glycosides tobramycin and gentamicin in combination 
with an anti-pseudomonal pencillin such as ticar- 
cillin, or the ureido-penicillins, azlocillin and pipera- 
cillin. Newer agents with good activity include the 
carbapenems imipenem and meropenem and the 
monobactam aztreonam. Of the cephalosporins, 
ceftazidime has proved to be a useful non-toxic 
alternative to the aminoglycosides. Monotherapy 
with either ceftazidime or imipenem/cilastatin has 
been shown to be a safe and effective alternative to 
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combination therapy for the treatment of serious 
hospital-acquired infections due to P. aeruginosa 
(Norrby et al 1993). Quinolones, in particular 
ciprofloxacin, have provided a major advance as the 
first highly active antipseudomonal agents effective 
by oral administration. 

Despite significant improvements in the anti- 
pseudomonal activity of these antibiotics, larger 
than normal doses are necessary in severe infections. 
A further problem with P. aeruginosa is that many 
strains do not respond clinically although apparently 
sensitive to the antibiotic in vitro. With amino- 
glycosides, this phenomenon is partly explained by 
tissue antagonism, the effect of ionized divalent 
cations and poor tissue penetration. The exopoly- 
saccharide produced by mucoid P. aeruginosa gels in 
the presence of physiological levels of Ca** and other 
divalent cations protecting the bacteria within a 
gelled ionized biofilm or microcolony (Govan & 
Nelson 1992), 

Acquired additional resistance superimposed on 
natural resistance is also a problem. Plasmid- 
mediated resistance involving modifying enzymes 
is particularly associated with topical antibiotic use 
and with sites, e.g. bladder, where high levels of 
antibiotic are achieved. An additional form of 
acquired resistance results from reduced permea- 
bility associated with a change in outer membrane 
proteins. 

In the clinical Jaboratory, when primary culture 
plates of an organism show resistance against a 
range of commonly used antibiotic discs, this may 
be suggestive of P. aeruginosa. On a cautionary note, 
however, some P. aeruginosa strains may express a 
hypersusceptible mutation which results in a zone 
of inhibition with such unlikely antipseudomonal 
antibiotics as ampicillin, trimethoprim, nalidixic acid 
and cefuroxime, and a larger than normal zone of 
inhibition with carbenicillin. MIC values of carbeni- 
cillin for hypersusceptible P. aeruginosa are less 
than 1 ug/ml, compared with a normal range of 
20-60 ig/ml. Hypersusceptibility is not seen with 
the aminoglycosides and the phenomenon is almost 
exclusively associated with strains isolated from 
chronic respiratory infections. 


Antigenic characteristics 


Nineteen distinct group-specific heat-stable O anti- 
gens and at least 2 heat-labile H antigens are recog- 
nized on the basis of standard slide agglutination 
procedures. Serological characterization is primarily 
used as an epidemiological tool rather than for 
diagnostic confirmation of species identity. 














Bacteriocin production 


The bacteriocins of P. aeruginosa are called aeru- 
ginocins, or more usually pyocins (after the former 
species nomenclature, P. pyocyanea). Pyocinogeny, 
the ability to produce pyocins, is found in over 90% 
of P. aeruginosa strains. Four categories of pyocin 
have been described; R and F pyocins morpho- 
logically resemble the tails of bacteriophages, and 
low-molecular-weight trypsin-sensitive or trypsin- 
resistant S pyocins share properties with the colicins 
and microcins of the Enterobacteriaceae (Govan 
1978, Smith et al 1992). Within each category of 
pyocin a variety of individual pyocins can be recog- 
nized on the basis of their spectrum of activity against 
different strains of P. aeruginosa. Individual strains 
of P. aeruginosa may produce more than one category 
of pyocin and also possess receptors for several 
different pyocins. Bacteriocin production can be 
used as a simple epidemiological typing system for 
P. aeruginosa (Fyfe et al 1984). 


Laboratory diagnosis of P. aeruginosa 
infection 


P. aeruginosa grows well on normal laboratory media 
but specific isolation of the organism from environ- 
mental sites or from human, animal or plant sources 
is best done on a medium that contains a selective 
agent and substances to enhance pigment produc- 
tion. Most selective media depend upon the intrinsic 
resistance of the species to various antibacterial 
agents, e.g. nalidixic acid or cetrimide. One of the 
most satisfactory selective media is Pseudomonas 
Isolation Agar* (PIA; Difco) which contains pigment- 
enhancing components and the selective agent 
irgasan (2,4,4 trichloro-2-hydroxyphenyl ether). An 
alternative commercially produced selective medium 
is the cetrimide-containing Pseudosel Agar (BBL); 
in our experience, the BBL product is too inhibitory 
and gives a significantly lower growth yield than PIA. 
For isolation of P. aeruginosa from clinical sources, a 
selective medium, e.g. PIA, can be used alone as 
the primary medium but superior isolation rates are 
achieved with the use of acetamide enrichment 
broth* (Kelly et al 1983). 

Most strains of P. aeruginosa are easily recognized 
on conventional laboratory media by their typical 
colonial appearance, a characteristic sweet grape-like 
odour and the distinctive blue-green appearance 
produced in the medium by the pigments pyocyanin 
and pyoverdin. 

Demonstration that the organism produces the 








* Refer to Methods at the end of this chapter. 
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pigment pyocyanin* confirms the identity of a 
pseudomonad as P. aeruginosa. A small proportion of 
strains, usually less than 10%, do not produce any 
pigment on first isolation, Or lose the property on 
storage or subculture, and may require confirmation 
of identity, e.g. by API 20E or 20NE (bioMérieux) or 
the tests shown in Table 23.1. Oxidative metabolism 
of sugars, a positive oxidase test and arginine 
dihydrolase reaction, motility, growth in serial sub- 
culture at 42°C and ability to reduce nitrate to 
nitrogen gas are useful in distinguishing non-pigment- 
producing P. aeruginosa and other pseudomonads 
from Aeromonas, Achromobacter and members of the 
Enterobacteriaceae. Failure to exhibit any of these 
characteristics should cast doubt that the isolate is 
P. aeruginosa. | | 
Discriminatory tests have been incorporated in 


_ several multitest systems for the identification of 


P. aeruginosa. A useful single tube composite medium 
for screening large numbers of isolates is Stewart’s 
medium,.* Alternatively, commercially produced 
multitest systernms (e.g. API 20E) are available for 
the confident identification of P. aeruginosa and 
S. maltophilia, Recommendations regarding the use 
of multitest systems for other pseudomonads are 
provided below in a separate section. 


Epidemiological typing methods 


Since P, aeruginosa is widely distributed in hospital 
and natural environments, typing or ‘fingerprinting’ 
of individual strains is a major factor in epidemio- 
logical investigations. Serotyping based on LPS anti- 
gens and pyocin (bacteriocin) typing have been the 
most widely used phenotypic typing systems and are 
simple to perform (Pitt 1988, Fyfe et al 1984). 

Serotyping. Identification of group-specific heat- 
stable lipopolysaccharide antigens by agglutination 
forms the basis of O serotyping (Pitt 1988). Com- 
mercially produced kits of appropriate typing sera 
are available (e.g. from Difco or Rougier). 

The major disadvantage of serotyping is its limited 
discriminating power. Typically, nine serotypes ac- 
count for over 90% of isolates; this makes epidemio- 
logical investigation difficult unless the epidemic 
strain belongs to an unusual serotype. Serotype dis- 
crimination can be improved by including identi- 
fication of H antigens. Unfortunately, the procedures 
for H antigen typing using sera prepared against 
purified flagella are outwith the scope of many 
laboratories. 

Although more than 90% of clinical strains can be 
typed by O serotyping, this technique is unsatisfac- 
tory for typing mucoid variants since O antigens are 
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masked. It is also unsuitable for typing colonial 
dissociants, because antigenic changes are observed 
within a single culture, and for typing poly- 
agglutinable P. aeruginosa, i.e. strains that are agglu- 
tinated by more than one serum in patterns that 
are outside the established cross-reactions of the 
serotype strains. Polyagglutinable and mucoid strains 
occur in less than 5% _of general isolates but are 
frequently observed in patients with cystic fibrosis. 

Bactertocin typing. Pyocin typing by the method 
of Fyfe et al (1984) offers greater discriminating 
power than serotyping whilst retaining simplicity 
and reliability; it is also suitable for polyagglutinating 
and mucoid strains. 

Both serotyping and pyocin typing can contri- 
bute significantly to epidemiological studies and in 
the author’s laboratory each system is used when 
appropriate. Serotyping provides a rapid screening 
procedure to detect antigenic differences in strains 
from an epidemic ‘situation, whilst within 24h the 
greater discriminating power of pyocin typing assists 
epidemiological! interpretations. 

Genomic typing systems. Recently, a number of 
genotypic methods have been developed for typing 


-P. aeruginosa which circumvent the problems asso- 


ciated with phenotypic instability. These include 
restriction enzyme analysis in combination with 
Southern .hybridization with probes upstream from 
the exotoxin A gene (Ogle et al 1987) and chromo- 
somal DNA analysis with rare cutting restriction 
enzymes and separation of the large DNA fragments 
by field inversion gel electrophoresis (FIGE; Grothues 
et al 1988) or contour clamped homogeneous électric 
field (CHEF), 

Although these various phenotypic and genotypic 
typing systems are relatively simple to perform, the 
logistics of maintaining the necessary materials and 
quality control may indicate that for many labora- 
tones it is more practical to use the services of appro- 
priate reference laboratories. In the UK, reference 
facilities for serotyping, pyocin typing and genomic 
systems are maintained by Dr T L Pitt, Central 
Public Health Laboratory, Colindale Avenue, London 
NW9 5HT, and by the author at the Department 
of Medical Microbiology, University of Edinburgh 
Medical School, Teviot Place, Edinburgh EH8 9AG. 
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PSEUDOMONAS MALLEIAND 
P. PSEUDOMALLE! (BURKHOLDERIA 
MALLE! AND B. PSEUDOMALLE!) 


Human laboratory-acquired infection with P. mallei 


and P. pseudomallei is a major hazard for personnel: 
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working with these organisms. Both species are 
categorized in containment category 3 and require 
to be handled with the greatest care and under strict 
and designated isolation conditions (see Ch. 3). 


Pseudomonas mallei 


This organism causes equine glanders, a disease 
characterized by the formation of nasal abscesses 
and cutaneous and lymphatic nodules (‘farcy buds”) 
and abscesses. Human disease may take the form of 
an acute fulminant febrile illness or a chronic indo- 
lent infection producing abscesses in the respiratory 
tract or skin. Glanders is uncommon and almost 
totally restricted to persons handling horses in those 
countries from which the disease has not been 
eradicated, principally in Asia and South America. 
In its morphology and biochemical reactions P. mallei 
closely resembles P. pseudomallei (see ‘Table 23.1) 
but shows a number of negative differences; it 1s the 
only non-motile species in the genus Pseudomonas, 
has a narrower range of carbon and energy sources, 
does not grow on MacConkey medium and Is 
usually oxidase negative. The two species may share 
a4 common ancestor, the negative differences of IP. 
mallei resulting from adaptation to a strictly parasitic 
mode of existence in animals. 

Guinea-pigs are susceptible. Intraperitoneal injec- 
tion of small amounts of a pure culture causes the 
‘Strauss reaction’, a testicular swelling in 2—3 days 
due to bacillary invasion of the tunica vaginalis, 
which increases up to the tenth day and may be fatal. 


Pseudomonas pseudomallei 


P. pseudomallei is the causal agent of melioidosis, an 
endemic glanders-like disease of humans and animals 
(Dance 1991). The organism is a free-living bacte- 
rium found in soil and water in tropical and sub- 
tropical regions. Humans are infected from soil or 
water, e.g. via cuts exposed to water in endemic 
areas, and infection is more common during the wet 
season. Person-to-person transmission of melioidosis 
has also been reported (Kunakorn et al 1991). Origi- 
nally the disease was restricted to Southeast Asia 
and Northern Australia but it became of increased 
importance in the USA in military personnel return- 
ing from the Vietnam war. Exacerbations of meli- 
oidosis can occur a considerable time after exposure 
(hence the term ‘Vietnam time bomb’) and thus 
laboratory differentiation from other pseudomonads 
is important in patients returning from endemic 
areas. Clinically, the human disease, which is difficult 
to treat and often fatal, may be a chronic indolent 
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infection resembling glanders (see P. mallet above) 
with the formation of caseous nodules, round em- 
bolic foci and multiple abscesses in the skin, bone 
and internal organs, or it may present as a fulminating 
septicaemia. ; 

Current methods for the diagnosis of melioidosis 
are based on bacteriological culture, though this is 
time-consuming and the result is often too late to 
be useful (Anuntagool et al 1993). On nutrient agar, 
P. pseudomallei produces unusual and distinctive 
rough ‘corrugated’ colonies that may resemble those 
of P. stutzeri. Biochemically P. pseudomallei broadly 
resembles other pseudomonads; it grows well at 
42°C. but does not produce pigments. Tests for 
differentiation are shown in Table 23.1. 

It should be noted that P. stutzeri resembles P. 


“pseudomallei in colonial appearance and the two 


species can be confused as they give similar results 
in biochemical tests. Both species are motile, but 
P. stutzeri has a single polar flagellum while P. 
pseudomallei has several polar flagella. Useful differ- 
ential tests, positive for P. pseudomaile: but negative 
for P. stutzeri, include gelatin liquefaction, arginine 
dihydrolase and intracellular accumulation of poly- 
B-hydroxybutyrate. 

Cultures suspected as P. pseudomailei can be 
identified by a latex agglutination test (Smith et al 
1993), Antisera for serological tests and for fluores- 
cent antibody studies, which should be used to 
confirm identification of all P. pseudomallei isolates, 
are commercially available (Difco). 

A number of serological tests to detect immuno- 
logical response to P. pseudomalle: have been de- 
veloped to provide rapid presumptive evidence of 
melioidosis. The most widely used is indirect 
haemagglutination; this is highly sensitive but lacks 
specificity because of the relatively crude antigens 
available and the high background antibody titre 
among healthy individuals in areas where the disease 
is endemic (Chaowagul et al 1989). Recent iden- 
tification of a 19.5kDa antigen, common to P. 
pseudomallei and P. cepacia, may prove to be useful 
in the diagnosis of melioidosis and deserves further 
investigation (Anuntagool et al 1993). 


PSEUDOMONAS CEPACIA 
(BURKHOLDERIA CEPACIA) 

P. cepacia was first described in 1950 as the cause of 
soft rot in onions (Latin, cepia = onion; Burkholder 


1950). The organism was later referred to as P. 
multivorans (eater of everything), and P. kingii. Once 
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considered primarily as a phytopathogen, this multi- 
resistant and nutritionally adaptable microbe (it can 
even use penicillin G as a sole carbon source) has 
emerged as a troublesome and potentially fatal 
nosocomial pathogen (Holmes 1986, Jarvis et al 
1987). Protease production can be demonstrated 
in some isolates, but P. cepacia does not produce 
alginate or any of the exotoxins associated with 


- . 2. aeruginosa-and is relatively avirulent for animals 


(Nelson et al 1994), 

In healthy individuals, P. cepacia causes a distinc- 
tive form of foot infection (trench foot, jungle rot) in 
troops training in swampy environments. Outbreaks 
of infection with P. cepacia have been linked to 
exposure to invasive pressure-monitoring devices, 
intrinsically-contaminated povidone—iodine solutions, 
and contaminated parenteral fluids (Pegues et al 
1993). The organism is resistant to non-oxidative 
killing by neutrophils and is especially dangerous in 
patients with chronic granulomatous disease (Lacey 
et al 1993). 

Arguably, however, the major concern regarding 
P. cepacia is the organism’s increasing colonization 
of the lungs of cystic fibrosis patients, and in some 
patients its association with rapidly fatal fulminating 
pneumonia and septicaemia (Editorial 1992, Pitt & 
Govan 1993). Recently, the development and use 
of selective culture media based on the organism’s 
resistance to polymyxin and ticarcillin (Gilligan et al 
1985) and various phenotypic and genotypic typing 
systems (Rabkin et al 1989) have greatly facilitated 
epidemiological investigations and provided com- 
pelling evidence that P. cepacia can be acquired by 
person-to-person contact or via contact with drinking 
glasses contaminated with respiratory secretions of 
colonized patients (Govan et al 1993). The risk 
of person-to-person transmission and unexpectedly 
rapid clinical decline in approximately 20% of colon- 
ized patients has created considerable concern for 
patients and their carers. UK guidelines to reduce 
the risk of transmission include a requirement that 
all patients be shown to be free of P. cepacia one 
month before attendance at meetings, with segrega- 
tion of colonized from non-colonized patients in 
hospitals and outpatient clinics. In the United States, 
fear of litigation has Jed the CF Foundation to with- 
draw accreditation for all meetings and residential 
camps attended by CF patients. 


Culture of P. cepacia from clinical 
material 


Primary culture of clinical or environmental speci- 
mens should be on a selective medium, e.g. P. 
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cepacia medium (Mast). Optimum growth occurs at 
30°C and incubation should be extended for up to 
5 days. On the Mast medium, P. cepacia grows as 
smooth, glistening red/purple colonies of approxi- 
mately 2 mm diameter. Specific strains, however, may 
show atypical forms including lipopolysaccharide- 
deficient strains with dwarf, rough colonial appearance 
and a diffusible brown melanin-like pigmentation 
which is enhanced in medium containing 1% tyrosine 
(Ogunnariwo & Hamilton-Miller 1975). Isolates 
should be subcultured frequently or stored, since the 
species characteristically becomes non-viable after 
several days on blood or nutrient agar even when 
held at 4°C. For transmission between laboratories 
isolates are best grown on minimal agar. 

Growth on the Mast P. cepacia medium should 
be further identified with the API 20NE system to 


confirm identification of P. cepacia. This step is 


necessary since some strains of P. aeruginosa, P. 
alcaligenes, and, in particular, P. acidovorans and S. 
maltophila, grow on the Mast P. cepacia medium. 
When large numbers of isolates are to be identified, 
it is economical to screen all isolates growing on P. 
cepacia medium by observing growth characteristics 
on Stewart’s arginine glucose medium* using the 
reactions outlined in Table 23.2. 


Environmental surveillance for P. 
cepacia 


Culture of P. cepacia from environmental surfaces 
may be difficult. The following protocol is based on 
our experience. 

Use sterile swabs dipped in a minimal broth sup- 
plemented with polymyxin 3000 units/ml to sample 
sites and then apply to Mast P, cepacia medium. 
The swab is then broken and the lower 2 cm placed 
in fresh sterile polymyxin-minimal broth and incu- 
bated at 30°C for up to 7 days. Bacterial growth 
on primary plates incubated for up to 72 h at 30°C, 
or on agar inoculated from the polymyxin-minimal 
broth and incubated under similar conditions, is 
investigated as described above. 


OTHER PSEUDOMONAS SPECIES AND 
STENOTROPHOMONAS 
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Other pseudomonads and related species that may 
be pathogenic, generally in immunocompromised 
hosts, include S. maltophilia, P. putida, P. stutzeri, 
P. fluorescens, P. picketti, P. alcaligenes, P. pseudo- 
alcahgenes, P. (Sphingomonas) paucimobilis and P. 
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(Methylobacterium) mesophilica. It should be appreciated 
that the genus Pseudomonas contains an uncom- 
fortably large, heterogeneous group of bacteria. The 
taxonomic status of many of the 171 species named 
in Bergey’s Manual (Holt & Krieg 1984) is debat- 
able. A dogmatic approach to species identification is 
usually unnecessary in clinical microbiology but 


there are circumstances when accurate species iden- - 


tification within the pseudomonads is desirable. A 
particularly instructive episode was described by 
Schlech et al (1981) in which a technician acquired 
melioidosis while involved in the isolation of amino- 
glycoside-degrading enzymes from an organism 
wrongly identified as P. cepacia in a local hospital. 
Inquiries revealed that the patient from whom the 
organism had been isolated had been treated for 
a febrile illness in Vietnam 10 years previously. ‘The 
patient had died from an undiagnosed illness, and 
the agent was subsequently identified at a national 
reference centre as P. pseudomallei. | 


Laboratory identification of 
Pseudomonas species 


Gram-negative non-glucose-fermenting bacilli often 
grow slowly with optimum growth temperatures 
less than 37°C and are relatively inert biochemically. 
Several commercial microsystems are promoted for 
identification of pseudomonads, the most used being 
‘API 20NE test strips based on sugar assimilation 
tests (bioMérieux) and the RapID NF Plus system 
based on bacterial degradation of specific substrates 
(Innovative Systems). Neither system offers ideal 
identification of all clinically relevant pseudomonads. 
Most systems provide excellent identification of 
non-pigmented P. aeruginosa but accuracy is reduced 
to 70-95% with other pseudomonads. In general, 
the widely used API 20E system, designed pre- 
dominantly for the Enterobacteriaceae, offers good 
identification of P. aeruginosa and S. maltophilia but 
is less accurate for other species included in the 
manufacturer’s index. The API 20NE is similar in 
format but with tests designed for identification of 
non-fermenting Gram-negative bacilli. 


Ultimately, the choice of approach, be it manual - 


or automatic, composite multitest system or indi- 
vidual tests, depends upon the facilities and finances 
available, the number of isolates to be examined and 
the accuracy required by clinical circumstances. A 
realistic compromise for the average diagnostic 
laboratory would be to identify P. aeruginosa con- 
ventionally by production of pyocyanin and to use 
the API 20E system for confident identification 
of non-pigmented P. aeruginosa and S. maltophilia. 


Strains presumptively identified as belonging to 
other Pseudomonas species are best investigated by 
a system specifically designed for non-fermenters, 
e.g. the API 20NE system, or alternatively sent to a 
reference laboratory. 

Commercial systems are relatively expensive. If 
large collections are to be screened, e.g. during 
microbiogical surveillance of hospital environments, 
an adaptation of Stewart’s single tube composite 
arginine glucose (AG) medium* gives excellent dis- 
crimination between the P. aeruginosa/P. fluorescens/ 
P. putida group, S. maltophilia, P. stutzeri and P. 
cepacia. 

The rRNA group II species P. cepacia and P. gladioli- 
share many properties and their differentiation can 
be problematic. The RapID NF Plus system, but 
not the API 20NE, differentiates between the two 
species. It is likely that some clinical isolates of P. 
cepacia and P. gladioli may not be clearly distin- 
guished unless investigated in a reference laboratory. 
Properties which may be helpful to identify P. gladiolt 
include lack of oxidation of maltose and lactose 
(positive for P. cepacia) and cellular fatty acid analysis 
by gas—liquid chromatography. Cellular fatty analysis 
of P. gladioli differs from that of P. cepacia by the 
presence of 3-OH-C10:0 and substantially smaller 
amounts of C16:1 and C17:0cyc (Christenson et al 
1989, Welch 1991). : 

Excluding P. aeruginosa, S. maltophilia arguably 
accounts for the greatest number of nosocomial 
opportunistic infections caused by non-fermentative 
Gram-negative bacilli, When required, epidemio- 
logical investigations of S. maltophilia infections 
may be aided by pyrolysis mass spectrometry, a 
relatively expensive but interesting addition to an 
increasing choice of bacterial typing systems (Ort 
et al 1991). 


METHODS 

Pseudomonas enrichment broth (Kelly et 

al 1983) 
NaC} 59g 
MqsSO, 0.2qg 
NH,H.PO, 1g 
KszHPO, 1g 
Acetamide, CH,CONH;, 20g 
Distilled water 1 litre 


Dissolve the acetamide and other ingredients in 
the distilled water and autoclave at 121°C for 10 min. 
lricubate swabs or specimens in this medium for 18h 
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at 37°C and then subculture to Pseudomonas Isolation 
Agar. ’ 


Pseudomonas isolation agar (PIA) 


Bacto peptone 20g 
Magnesium chloride 1.49 
Potassium sulphate 10g 
Irgasan, 2,4 ‘4-trichloro-2-hydroxy- 

‘phenyl ether 0.025 g 
Bacto agar 13.6 9 
Distilled water 980 ml 


Method. Dissoive 45g medium in the water and 
add 20 mi Bacto glycerol. Heat_to boiling to dissolve 
the medium completely. Autoclave for 15 min at 121°C. 
Final pH 7.0 + 0.2 at 25°C. Pseudomonas Isolation - 
Agar is also available commercially (PIA; Difco). 


Stewart’s arginine glucose (AG) medium 
(Stewart 1972) 


Indicator mixture 


This contains 0.03g cresol red (BDH) and 0.02 ¢ 
bromothymol blue (BDH), dissolved together with 
heating in 100m! of 0.01 mol/litte NaOH. Filter the 
solution after cooling. 


Medium 
Nutrient broth granules (Oxoid No. 2) 29g 
L-arginine HCI 1g 
Glucose 10g 
Indicator mixture 60 ml 
Agar No. 3 (Oxoid) 8q 
Distilled water 1 litre 


Dissolve the ingredients in water; the pH should be 
7.4 before autoclaving. Distribute the melted medium 
in 9ml amounts in test tubes closed with loose metal 
or plastic caps. After autoclaving at 121°C for 10 min 
allow the medium to gel with a slope 4.cm long and a 
butt c. 4 cm deep. 


Inoculation of AG medium 


With a straight wire remove a fleck of culture from 
nutrient agar plates incubated for 24-48h at 30°C. 
Stab this inoculum four or five times to the foot of the 
tube of AG medium and then streak the slope well 
with the tip of the wire. incubate the cultures at 30°C 
for 24-72 h. Use the reaction patterns shown in Table 
23.2 to identify the organisms. 
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Production and identification of 
pseudomonas pigments 


Pyocyanin and pyoverdin 


Most pigment-enhancing media are based on the 
Media A and B described by King et al (1954) for pro- 
duction of the major pigments pyocyanin and pyoverdin 
respectively. Most strains of P aeruginosa produce 
both pigments and the media were developed to en- 
hance production of one pigment while suppressing 
the other. 

Various commercial forms of these media are avail- 
able, e.g. Medium P (Difco) which enhances produc- 
tion of pyocyanin. Pseudomonas Isolation Agar (PIA; 
Difco) combines the pyocyanin-enhancing properties 
of Medium P with the selective agent irgasan (2,4,4- 
trichloro-2-hydroxypheny! ether) and is recommended 
for demonstration of pyocyanin production in normal 
practice. Production of pyoverdin is best achieved by 
the use of King’s Medium B. 

Pyocyanin is blue and non-fluorescent: it is formed 
best in peptone media and is soluble in both chloroform 
and water. In liquid cultures of PR aeruginosa grown 
without agitation a pyocyanin- containing layer can 
often be observed in the upper part of the broth at the 
air/liquid interface. Pyoverdin is yellow and fluorescent; 
it is formed only in the presence of phosphate and is 
soluble in water but not in chloroform. When pyocyanin 


is produced in small amounts, or its presence is: 


obscured by other pigments, it can be. more readily 
observed by shaking a few millilitres of chloroform in 
a broth culture or on an agar slope: on standing, 
pyocyanin (but not pyoverdin) will. appear in. the 


ee 


_- 


ee 


o 


hh f+ 


PSEUDOMONAS, STENOTROPHOMONAS, BURKHOLDERIA 2 





chloroform once the phases have separated out. 
Pyoverdin is best observed by use of a suitable dark 
chamber, with the cultures illuminated by UV light. 


Pyorubrin and pyomelanin 


A small percentage of strains of P aeruginosa also 
produce the red pigment pyorubrin or the dark-brown 
pyomelanin. Caution should be exercised in the identi- 
fication of these pigments since acidification of pyo- 
cyanin produces a red colour and prolonged exposure 
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Vibrio, Aeromonas, Plesiomonas, Campylobacter, 
Arcobacter, Helicobacter, Wolinella 
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As defined by Baumann & Schubert (1984), the 
family Vibrionaceae contains four genera, three of 
which — Vibrio, Aeromonas and Plesiomonas — contain 
human pathogens. The Vibrionaceae are straight or 
curved, Gram-negative rods, motile by polar flagella, 
though some species develop peritrichous flagella 
when grown on solid media; they are _non-sporing, - 
facultative anaerobes capable of both respiratory and 
fermentative metabolism; most species are oxidase 
positive, catalase positive and capable of utilizing D- 
glucose as sole carbon source; many strains require 
2-3% NaCl for growth and are primarily inhabitants 
of aquatic environments. 


VIBRIO 





Vibrios are short, about 2 x 0.5 um, often curved, 
Gram-negative rods that are motile by means of a 
single polar, sheathed flagellum; motility is optimal 
in liquid-grown cultures. Some species have been 
reported to form viable, non-cultivable resting stages. 
They are facultative anaerobes, producing acid from 
the fermentation of a range of carbohydrates; most 
species are anaerogenic (but not V. furnissii and some 
strains of V. damsela). Other than V. metschntkovn, 
they are oxidase positive and reduce nitrate to nitrite; 
they are sensitive to the vibriostatic agent O/129 (2,4- 
diamino-6,7-diisopropylpteridine phosphate; 150 ug 
disc).” 

Their growth is’ stimulated by Na’, which is an 
absolute requirement for most species (but not for 
V. cholerae and V. mimicus). The degree of require- 
ment for NaCl generally reflects the salinities of their 
natural habitats which include river, surface and sea 
waters and sediments, sewage, and a wide variety 
of sea-foods. Their nutritional requirements are 
simple and they produce a wide array of extracellular 





* Refer to Methods at the end of this chapter. 


enzymes including proteases, nucleases, lipases and 
chitinase. The guanine + cytosine content (mol% 
G+C) of their DNA ranges from 39 to 51%. 

Of the 35 Vibrio species recognized, 12 have been 
implicated in gastrointestinal and extra-intestinal 
infections in man; the most important of these is 
cholera.. The species most frequently isolated from 
clinical specimens are strains of V. cholerae, V. 
parahaemolyticus, V. vulnificus, V. mimicus and V. 
alginolyticus (Farmer et al 1985, Janda et al 1988, 
Kelly et al 1991). 





VIBRIO CHOLERAE 


Strains of V. cholerae possess the principal properties 
of the genus, as described above. In addition, most 
strains ferment glucose, mannitol, sucrose, mannose, 
maltose and trehalose but not arabinose, dulcitol 
or inositol; they lack arginine dihydrolase but decar- 
boxylate lysine and ornithine; they produce indole, 
give the cholera-red reaction* and belong to group | 
of Kelly et al (1991) (see Fig. 24.1). 


Cultural characters 


Whereas most Vibro species are halophilic,* i.e. can 
grow in media containing 6-10% NaCl and optimally 
with c. 3% NaCl, V. cholerae is non-halophilic, 1.e. 
can grow well in ordinary media such as nutrient 
broth, peptone water and CLED medium without 
added NaC! and fails to grow in these media with 
>6% NaCl added. The optimum temperature for 
growth is 37°C (range 16-40°C); the optimum pH 
is 8.2, though growth occurs freely between pH 7.4 
and 9.6. 

When incubated at 37°C in liquid media, such as 
peptone water, it forms a fine surface pellicle visible 
in 6-9h. On nutrient agar, colonies are glistening 
and translucent, 1-2 mm in diameter after 18-24 h. 
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Fig. 24.1 Dichotomous tree for separation of 12 species of Vibrio isolated from clinical 


specimens (adapted from Kelly et al 1991). 


Most strains grow well on MacConkey agar, giving 
pale (1.e. lactose-non-fermenting) colonies in 24-36 h; 
growth is poor on most other enteric selective media 
such as DCA and XLD (Ch. 21). On horse-blood 
agar, zones of haemolysis are produced by haemolytic 
strains (see below). 


Sensitivity to physical and chemical agents 


Easily killed by disinfectants, moist heat (e.g. at 
36°C in 30 min) and short exposure to normal gastric 
juices for a few minutes. Their growth is inhibited 
in acidic conditions (pH < 6.8) and they are rapidly 
killed at pH <5.0. They die quickly on dry fomites 
and in sewage-polluted water, but survive for 1-2 
weeks in clean, non-acid fresh or sea water. In faeces, 
vibrios die within 24h at high atmospheric tem- 
peratures, but survive several weeks at temperatures 
near freezing. May survive up to a few days on moist 
fruit, vegetables, fish and cooked foods. They are 
generally tolerant to bile salts, teliurite, thiosulphate 
and citrate, which may be used in selective media 
(Lee 1992). 

Most strains are sensitive to tetracyclines, 
chloramphenicol, ampicillin, aminoglycosides and 
trimethoprim-sulphamethoxazole, In recent years, 
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strains resistant to. tetracycline, ampicillin and 
trimethoprim-sulphamethoxazole have appeared in 
cholera-endemic areas (Janda et al 1988). Resistance 
to polymyxin is a useful marker for strains of V. 
cholerae serogroup O1 of the E! Tor biotype* or 
V. vulnificus (Kelly et al 1991). 


Enrichment and selective media 


The rapid growth and tolerance of vibrios for alkaline 
conditions is exploited in the formulation of media 
used for their isolation. Alkaline peptone water, 
pH 8.6, is useful for preliminary enrichment of 
vibrios from faeces or other contaminated materials. 
Of the many selective media developed for the isola- 
tion of vibrios, thiosulphate citrate bile-salts sucrose 
(TCBS) agar* (Kobayashi et al 1963) is probably 
the most widely used; on this differential medium, 
the colonies of sucrose-fermenting vibrios, e.g. V. 
cholerae, are yellow, those of sucrose-non-fermenting 
vibrios, e.g. V. parahaemolyticus, are green. 


Serological properties 


In the extended serotyping scheme of Sakazaki & 
Donovan (1984), 139 O serogroups of V. cholerae are 
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now recognized on the basis of differences in their 
O antigens. All strains share a common, heat-labile 
H flagellar antigen that is of no value in epidemio- 
logical studies. The possession of O1 antigen is of 
major diagnostic and clinica] importance because 
strains isolated from cases of epidemic cholera have 
traditionally belonged only to serogroup O1. Strains 
of serogroup O1 can be further subdivided by tests 
with absorbed antisera into subtypes Inaba, Ogawa 
and (the very rare) Hikojima. Thus, the pandemic 
strain of O1 that started in South-east Asia in 1961 
was of the Ogawa serotype, whereas the epidemic 
strain that recently spread through South America is 
of the Inaba serotype. 

Strains of serogroups other than O1, commonly 
termed V. cholerae non-Ol, have been associated 
with sporadic cases of mild diarrhoea and outbreaks 
of cholera-like severity, but were generally believed 
to be less pathogenic than the O1 strains and not 
to cause epidemic cholera. However, the Cholera 
Working Group (1993) has recently described a large 
epidemic of cholera-like disease in Bangladesh due 
to serogroup 0139, for which the name Bengal was 
suggested. Hence, it would seem appropriate to 
revive the name ‘non-cholera vibrios’ for strains of 
V. cholerae of serogroups O2 to 0138 to distinguish 
them from the strains of serogroups O] and 0139 
that are associated with epidemic cholera. 


Biotype properties 


Epidemic strains of V. cholerae of serogroup O1 can 
be further differentiated into the Classical and El 
Tor biotypes. Thus, the El Tor biotype produces 
acetoin in the Voges—Proskauer test (Barritt method 
Ch. 7), agglutinates fowl erythrocytes (Finkelstein & 
Mukerjee 1963),* lyses sheep erythrocytes in a heart 
infusion broth with glycerol (Sakazaki et al 1971), 
grows in the presence of polymyxin (50 unit disc),* 
is resistant to Mukerjee’s (1961) group IV phage and 
sensitive to the group V phage of Basu & Mukerjee 
(1970). The Classical biotype has the opposite pro- 
perties. The present cholera pandemic is associated 
with the El Tor biotype but strains of the Classical 
biotype have caused recent outbreaks in the Indian 
subcontinent (Kelly et al 1991, Lee 1992). 


Other typing methods 
None of several phage-typing schemes developed 


has proved satisfactory for independent use because | 


the majority of strains fall into a very few phage types 
(Lee 1992). Other typing techniques, such as chro- 
mosomal restriction endonuclease digest pattern, 
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toxin gene structure and multilocus enzyme electro- 
phoresis (Roberts et al 1993), will not be described 
here because they.are unsuitable for use in a routine 
diagnostic jaboratory. 


LABORATORY DIAGNOSIS OF CHOLERA 


The outbreak of epidemic cholera that has occurred 
in countries in Central and South America with sub- 
sequent spread to the USA emphasizes the need for 
constant vigilance. The possibility of its occurring in 
a patient returning with diarrhoea from a visit to 
the increasing number of countries with endemic or 
epidemic infection should be borne in mind. When 
a faecal specimen is received from such a patient, 
it should be inoculated on to selective media for 
vibrios as well as on to those for the common 
enteropathogens. 


Specimens 


Faecal specimens from early acute cases should be 
collected into a sterile container, ¢.g. universal con- 
tainer, preferably through a rubber catheter (e.g. No. 
2426) inserted into the rectum, or, if they can be 
plated without delay, onto a rectal swab. Collection 
from a bedpan should be avoided because of the 
risk of contamination or the presence of disinfectant. 
Rectal swabs from convalescent cases, contacts and 
suspected carriers are not likely to prove reliable. 

If possible, specimens should be processed without 
delay but, if there is to be a delay of more than 6h 
in their reaching the laboratory, faeces or rectal 
swabs should be placed in a liquid alkaline transport 
medium suitable for preventing the overgrowth of 
vibrios by other organisms; 1—3 ml faeces may be 
added to 10-20 ml transport medium, e.g. alkaline 
salt medium with boric acid* or taurocholate peptone 
medium with tellurite.* 


Microscopy 


Direct microscopic examination of faeces is not rec- 
ommended since it is difficult to distinguish vibrios 
from other motile, straight or curved rods (Janda et al 
1988, Kelly et al 1991). Gram-stained films of stools 
may prove equally difficult to imterpret. 


Culture 


1. Inoculate about 2 ml of faeces into 20 ml of 
alkaline peptone water (APW)* and also spread a 


A27 


24 — PRACTICAL MEDICAL MICROBIOLOGY 





large loopful of faeces over a plate of TCBS 
medium.* Incubate both aerobically at 37°C. 

2. After incubation for about 5-8 h, subculture a 
loopful from the surface of the APW on to a second 
plate of T'CBS and incubate it overnight at 37°C. 
Longer incubation of the APW at 37°C may lead 
to overgrowth of the vibrios by other organisms. 
If, however, the APW is incubated at ambient 
temperature (about 20°C), overnight incubation is 
permissible but this will delay the examination of the 
TCBS subculture by a day. 

3. Next day, examine the TCBS plate(s) for the 
presence of vibrio-like colonies, i.e. colonies that are 
2-3 mm in diameter and yellow (V. cholerae strains 
are sucrose-fermenting). 

4. The practice of testing vibrio-like colonies on 
TCBS or other enteric media directly in V. cholerae 
Ol antiserum is not to be recommended. Instead, 
pick several presumptive colonies and inoculate 
heavily on non-selective, e.g. nutrient or blood, agar 
so that, after 5-6h incubation at 37°C, sufficient 
growth Is present for performance of slide agglutina- 
tion tests in Ol antiserum. Confirm that the O1- 
agglutinating colonies are also oxidase-positive, 
actively motile, Gram-negative bacteria. Then issue 
to the physician a presumptive report that ‘cholera 
vibrios’ are present. 

5. The identity of the organism should be con- 
firmed biochemically in a set of conventional tests; 
thus, Lee (1992) recommends the use of a Hugh 
& Leifson O/F test, Moller’s arginine dihydrolase, 
lysine and ornithine decarboxylases, arabinose, inosi- 
tol, mannose and sucrose peptone water sugars 
(Ch. 7) and a test for growth in the absence of NaCl 
by inoculating either a 1% tryptone water with no 
added NaC! or a CLED plate. Alternatively, labora- 
tories that isolate vibrios infrequently may find it 
easier to use commercial kits for identification. 
Overman et al (1985), for example, considered that 
the API 20E system (bioMérieux) gave accurate 
identification of the more commonly encountered 
vibrios; same-day identification of vibrios by the API 
20E system may be feasible (Overman & Overley 
1986). 

6. All strains behaving biochemically like V. cholerae, 
whether O1 or non-O1, should be sent to a national 
reference laboratory for confirmation of identity and 
for O-serotyping. 


Serological diagnosis 


In patients who have not been immunized, a retro- 
spective diagnosis of infection can be made by the 
demonstration of a rising titre of agglutinins or 
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vibriocidal antibodies in paired sera, one taken in the 
first 3 days of illness and the other after 7—10 days 
(Holmgren et al 1971); or antibody against cholera 
toxin (CT) may be detected in an ELISA test (Janda 
et al 1988), 


Other specimens 


V. cholerae may also be isolated from extra-intestinal 
sites including ears, blood, diverse body fluids and 
wounds especially in patients with major underlying 
disease. The strains isolated usually belong to non- 
O1 serogroups. For cultivation from these sites, it 
should be remembered that vibrios will grow readily 
on non-selective and mildly selective isolation media, 
e.g. blood agar, chocolate agar and MacConkey 
agar. For fuller details of diagnostic procedures, see 
Furniss et al (1978), Janda et al (1988) and Kelly 
et al (1991). 


This halophilic vibrio is responsible world-wide for - 


outbreaks of gastroenteritis associated with the eating 
of many kinds of contaminated sea-foods, and it 
has been isolated from raw shellfish and other fish 
in the warm coastal and estuarine waters of many 
countries, including Britain in the summer months 
(Ayres & Barrow 1978). The clinical infection is 
characterized by a sudden onset of acute gastro- 
enteritis about 10-20h after consumption of the 
incriminated sea-food., 

Most strains ferment glucose, arabinose, maltose, 
mannitol, mannose and trehalose, but not lactose, 
sucrose, salicin, dulcito] or inositol. It does not 
produce acetoin in the Voges—Proskauer test; lysine 
and ornithine are decarboxylated, but it lacks 
arginine dihydrolase. It belongs to group 6 of Kelly 
et al (1991); see Fig. 24.1. Many strains isolated in 
recent years hydrolyse urea (Janda et al 1988). 
Strains from patients with gastroenteritis lyse human 
erythrocytes in the Kanagawa test (Miyamoto et al 
1969), 

The procedures for its isolation and identification 
from faeces are similar to those already described for 
V.. cholerae. However, being a halophilic species, it 
fails to grow in peptone waters without NaCl or 
on CLED medium; it grows well in peptone waters 
with 8% (but not 10%) NaCl added. It ferments 
neither sucrose nor lactose; hence, it forms green 
colonies on TCBS medium and pale colonies on 
MacConkey agar. Isolations from extra-intestinal 
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sites are rare; when found, contact with contaminated 
waters is the usual source of infection. — 
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OTHER VIBRIO | SPECIES CAUSING» 
GASTROENTERITIS 


Much less commonly associated with gastroenteritis 
in man than V. cholerae and V. parahaemolyticus 
are strains of V. fluvialis, V. furnissii, V. hollisae and 
V. minncus. Their isolation from specimens of faeces 
follows the methods described above. 


V. fluvialis 


Lee et al (1981) showed that this group of halophilic 
vibrios, previously referred to as group EF6, 


‘ belonged to a new vibrio species V. fluvialts. Widely 


distributed in the sea and estuarine waters around 
many countries, including Britain, they have been 
associated with episodes of watery diarrhoea im 
patients in Bangladesh and the USA. 

Biochemical properties important in identification 
are: it is arginine dihydrolase positive but fails to 
decarboxylate lysine and ornithine (group 5 of Kelly 
et al 1991); it produces neither indole nor acetoin; 
it ferments sucrose, forming yellow colonies on 
TCBS. In tests with some commercial identification 
kits, it may be confused with species of Aeromonas 
(see below) from which it can be differentiated by 
its requirement for supplemental NaCl in growth 
media and in its sensitivity to O/129 agent. 


V. furnissii 


Unusual among vibrio species in forming gas from 
the fermentation of carbohydrates; otherwise, very 
similar in properties to V. fluvialis and, like it, not 
associated with extra-intestinal infections. 


V. hollisae 


Infrequently isolated from patients with diarrhoea, 
usually associated with eating raw sea-foods; occa- 
sionally isolated from extra-intestinal sources, such 
as blood, in patients with hepatic disease. This 
halophilic species graws poorly on TCBS and 
MacConkey agar (Hickman et al 1982). It lacks 
arginine dihydrolase and lysine and _ ornithine 
decarboxylases, i.e. group 4 of Kelly et al (1991). 


Vo mimicus 


In most of its properties, the non-halophilic V. 
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mimicus behaves like V. cholerae and with it comprises 
group 1 of Kelly et al (1991); however, it is sucrose- 
non-fermenting (hence, green colonies on TCBS) 
and is Voges—Proskauer negative. Most gastroimtestinal 
infections due to this species have been associated 
with consumption of undercooked oysters. About 
20% of V. mimicus isolates are recovered from ear 
infections in patients exposed to sea waters (Janda 
et al 1988). 
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VIBRIO SPECIES CAUSING | EXTRA- 
INTESTINAL INFECTIONS 


Whereas some of the above Vibrio species, though 
primarily involved in gastroenteritis, may on occasion 
be isolated from sites other than the gut, the isolation 
of other Vibrio species is usually from extra-intestinal 
sites for which they show particular predilections, 


V. vulnificus 


This invasive Vibrio species is associated with human 
septicaemias following the eating of raw shellfish, 
particularly oysters. Patients with pre-existing liver 
disease or underlying malignancies are most at risk; 
mortality may be as high as 60%. It also causes 
wound infections, often appearing as a cellulitis in 
patients without the above predispositions but with 
a history of exposure to sea water or other marine 
activities. This halophilic species is phenotypically 
similar to V. parahaemolyticus in being arginine 
dihydrolase negative, lysine decarboxylase positive, 
i.e. it belongs to group 6 of Kelly et al (1991). How- 
ever, most strains of V. vulnificus are ONPG-positive 
and ferment lactose, forming pink colonies on 
MacConkey agar, and ferment salicin and cellobiose; 
they also grow in the presence of polymyxin (300 unit 
disc). 


V. alginolyticus 


When isolated from clinical specimens, most strains 
of this non-invasive species are associated with super- 
ficial wound and external-ear infections, especially 
after exposure to sea waters; a few isolates from blood 
and eyes have been reported (Janda et al 1988). It, 
too, is a member of group 6 of Kelly et al (1991), 
i.e. phenotypically like V. parahaemolyucus. This 
halophilic species is the commonest vibrio found in 
the sea around Britain; most strains grow in media 
containing 10% NaCl. It forms acetoin in the Voges- 
Proskauer test and ferments sucrose (forming 
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yellow colonies on TCBS medium) but not lactose, 
arabinose, salicin or cellobiose. 


Ve damsela 


A rare cause of wound infections in patients exposed 
to brackish or salt waters, this halophilic species 
causes superficial wound infections that may _pro- 
gress to a more fulminant, disseminated disease. It 
belongs to the arginine dihydrolase-positive group 

| 5 of Kelly et al (1991). It is sucrose-non-fermenting 
and, hence, forms green colonies on TCBS. 


Other vibrios 


Human infections in a diverse range of extra- 
intestinal sites have been reported for V. metschnikovii 
(group 2 of Kelly et al 1991), V. cincinnatiensis (group 
3) and V. carchariae (group 6) (see Janda et al 1988, 
Kelly et al 1991). These species are isolated so 
rarely from clinical specimens that few laboratories 
are likely to have to identify them. However, the 
following properties may prove helpful: V. metschnikovii 
is unusual in being oxidase negative and unable to 
reduce nitrate; V. cincinnatiensts, unlike other vibrios, 
ferments inositol; V. carchariae is phenotypically like 
V. parahaemolyticus. 

For laboratories unfamiliar with the identification 
of Vibrio species, it is worth recalling that Overman 
et al (1985) found that the API 20E system affords 
satisfactory identification of commonly occurring 
vibrios. In addition, the properties of five common 
species are shown in Table 24.1. The 12 Vibrio 
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V cholerae 


Character 





Production of: 
Indole 
Acetoin (Voges—Proskauer) 
Urease ; 
Arginine dihydrolase - 
Lysine decarboxylase 
Ornithine decarboxylase + 
Fermentation of: 
Arabinose 
Sucrose 
Colonies on TCBS 
Growth in peptone water with: 
0% NaCl 
3% NaCl 
6% NaCl 
8% NaC) 
10% NaC! 
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V. parahaemolyticus 
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species associated with human infections may be 
separated into the six groups of Kelly et al (1991) by 
use of the dichotomous tree shown in Fig. 24.1. 
Further information may be found in Farmer et al 
(1985), Janda et al (1988) and Kelly et al (1991). 
All isolates of vibrio-like organisms from clinical 
specimens should be sent to a reference laboratory for 
identification and, where appropriate, for serotyping 
and other tests. 
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AEROMONAS 








New techriiques suggest that Aeromonas species 
belong to a family, the Aeromonadaceae, that is 
distinct from the Vibrionaceae with which tradition- 
ally they have been classified (Colwell et al 1986). 
At least 15 species of Aeromonas can be identified 
by genetic techniques, such as DNA-DNA reasso- 
ciation, that are unlikely, however, to be available in 
most diagnostic clinical microbiology laboratories. 
Not all of these genetic species can be identified 
by phenotypic tests, which allow the identification of 
only 10 species (phenotypic species); hence, some 
phenotypic species contain several genetic species. 
Thus far, the following phenotypic species have 
been isolated from clinical specimens: A. hydrophila, 
A. caviae, A. verontt biogroups Sobria and Veronii, 
A. schuberti, A. jandaei and A. trota. Some species, 
e.g. A. eucrenophila, have not been isolated from 
clinical specimens. Strains of the psycrophilic fish 
pathogen A. salmonicida, which is unable to grow at 
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37°C, are also unlikely to be isolated from clinical deficient subjects or in patients with underlying 
specimens. chronic disease. They may cause cellulitis and infect 
wounds that have been exposed to water or soil; 
Properties of mesophilic strains of ae have also been isolated from most parts of the 
Aeromonas sody in numerous clinical conditions in immuno- 
competent persons (Khardori & Fainstein 1988). 
The organisms are straight Gram-negative rods, They are found as primary pathogens causing acute 
about 4.5 x 1 im, with occasional filaments. Motile diarrhoea, often in young patients; a chronic entero- 
strains usually have polar flagella but a few have colitis may be found in older patients, compromised 
lateral flagella; some non-motile strains are found. or not (George et al 1985, Holmberg et al 1986a). 
The temperature range for growth is 4—42°C, with Rates of carriage in uninfected individuals range from 
an optimum about 32°C, and the pH range 4.5—9.0. 0-20% depending on the country and continent. 
They grow well on most laboratory media. On blood 
agar most (90%) strains of Aeromonas give wide 
zones of beta-haemolysis, but strains of A. caviae 
are usually non-haemolytic. Among routine enteric Because aeromonads grow readily on ordinary media 
agars, desoxycholate, MacConkey and xylose lysine such as blood agar and enteric agars, their isolation 
desoxycholate (XLD) are considered to be satisfac- from blood .cultures and most clinical specimens 
tory for isolation of Aeromonas (Desmond & Janda other than faeces is straightforward (Carnahan 1991). 
1986). The growth of many strains is inhibited on Many different kinds of selective media have been 
TCBS agar which is not recommended for routine described for the isolation of aeromonads from 
isolation. Being non-halophilic, they will not grow faeces; it has been generally agreed that blood agar 
in the presence of 6% NaCl. (sheep blood, 5% v/v) containing ampicillin is a 
They produce oxidase and catalase and ferment suitable selective medium for isolation from faeces; 
glucose and other substrates (see Table 24.2) with the addition of ampicillin is recommended variously 
production of acid and gas; A. caviae and A. schubertu —_at concentrations of 5 to 20 j1g/ml. Even with ampicillin 
are anaerogenic. They form exoenzymes, such as present as low as 5 jtg/ml, e.g. in Ryan’s Aeromonas 
amylase, deoxyribonuclease, esterases and peptidases, Medium (Oxoid), strains of the ampicillin-sensitive 
and many other hydrolytic enzymes. They are species A. trota, which has been isolated mainly 
resistant to the vibriostatic agent O/129. from faeces, are unlikely to grow. | 
Strains are found in fresh and marine water Kelly et al (1988) achieved optimal recovery of 
environments and drinking-water supplies (including § Aeromonas strains from faeces by the combined use 
domestic sources); soil, sewage and foodstuffs are of ampicillin (20 ug/ml) blood agar and modified 
other likely sources of Aeromonas. ‘They are oppor- cefsulodin-Irgasan-novobiocin (CIN) agar (Difco) with 
tunistic pathogens that cause septicaemia in immuno- cefsulodin at 4 ug/ml. However, many laboratories 


Laboratory diagnosis of Aeromonas 


“Table 24.2 Characters useful for identification of Aeromonas species from. clinical specimens... une nea 
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A. hydrophila A.caviae A, veronii* A. schubertii A. jandaei 


Character Sobria Veroni 








— —————— 


Aesculin hydrolysis + m re ii > - 
Voges—Proskauer reaction + _ + + +> + = 
Lysine decarboxylase + - + 7 ” + + | 
Ornithine decarboxylase - _ - * - - = | 
Indole production + + + - — + + 
Production of gas (G) or acid 

(A) from fermentation of: 

Glucose (G) + ss + + = em + 

Arabinose (A) + _ - r ” _ 

Mannitol (A) + + + + — + + 

sucrose (A) + + + + - = = 
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“The biogroups of A. veronii are Sobria and Veronil. | 
> Variable reactions depending on method used (Hickman-Brenner et al 1988). 
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would be unwilling to incorporate two additional 
media in their faecal bacteriology protocols for the 
isolation of aeromonads. Although CIN agar can 
also be used to screen for species of Yersinia, its 
use alone yields fewer isolates of Aeromonas than 
ampicillin blood agar (Kelly et al 1988). If enrich- 
ment for Aeromonas species from faeces is to be 
attempted, the use of alkaline peptone water (pH 
8.6)* incubated overnight at 37°C before plating 
onto selective media is recommended. 


Identification of Aeromonas strains 


Current confusion in the taxonomy of Aeromonas 
and difficulties inherent in the accurate identification 
of clinically important species have led some workers 
to suggest that mesophilic aeromonads (i.e. those 
that grow at 35-37°C) should be reported simply 
as belonging to the Aeromonas hydrophila complex 
without attempting speciation (Hickman-Brenner 
et al 1987, Altwegg et al 1990). Commercially avail- 
able rapid-identification kits, such as API 20K, are 
suitable for this level of identification, especially 
for laboratories inexperienced in their identification. 

Evidence from genetic and epidemiological studies 
(see Janda 1991) suggests that 95% of clinical iso- 
lates of Aeromonas belong to only four species 
(A. hydrophila, A. caviae, A. veronti biogroup Sobria 
and A. media) which can be assigned to one of three 
major phenotypic clusters (see Table 24.3). Accord- 
ingly, many laboratories are content to identify 
Aeromonas strains as being A. hydrophila-like, A. 
caviae-like or A. sobria-like (see below, A. veronit). 
Several methods of differing complexity for iden- 
tification of these phenotypic clusters (or phenons) 
are available; that chosen by any laboratory must 
depend on the resources and the expertise available. 

When certain strains of Aeromonas are grown in 
glucose-containing cultures, an accumulation of 








“clusters... 


Character 

Aesculin hydrolysis 

Gas production 

Suicide character at 30°C 


B-Haemolysis production + 
Voges—Proskauer reaction + 
Lysine decarboxylase + 


biogroup Sobria: see Table 24.2. 
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Table 24.3 Properties of Aeromonas strains in, three 2 mor phenotypic ee 
He Key: S, ‘Suicidal; NS: non suicidal (see text): = 





A. hydrophila 


*Most clinical isolates of this phenotypic cluster (or phenon) belong to A. veronii 


acetic and other acids occurs, as a result of suppres- 
sion of the TCA cycle, and a reduction in the pH 
of the medium leads to inactivation of the electron 
transport system and ultimately cessation of cell growth 
and death, 1.e. the ‘suicide’ phenomenon (Namdari 
& Bottone 1988). Strains that show the suicide 
phenomenon are pelleted whereas non-suicidal strains 
grow uniformly through the glucose broth. 

Wilcox et al (1992) successfully identified clinical 
isolates of Aeromonas by the suicide character at 


30°C, aesculin hydrolysis and gas production from ~ 


glucose fermentation; by these criteria, A. hydrophila 
is aesculin positive, aerogenic and non-suicidal (NS), 
A, caviae is aesculin positive, anaerogenic and sui- 
cidal (S) and A. sobria is aesculin negative, aerogenic 
and suicide variable (S/NS) (see Table 24.3). Only 
two tubes of media are required: (1) agar slants 
containing aesculin 0.1% w/v and ferric citrate 
0.05% w/v; (2) nutrient broth containing glucose 
0.5% w/v, bromocreso] purple 0.0015% w/v and an 
inverted Durham’s tube to detect gas production. 
Hence, the tests are inexpensive to perform, simple 
to interpret and, in comparison with conventional 
tests, provide accurate speciation of 93% of isolates 
(Wilcox et al 1992), 
The suicide property is: 


(1) strain-variable in A. sobria; thus, strains that 
are Voges—Proskauer positive and methyl-red posi- 
tive, 1.e. have a mixed acid fermentation, are suicidal 
whereas those that are Voges—Proskaeur positive 
and methyl-red negative are non-suicidal; 

(2) temperature-dependent in A. hydrophila; thus, 
strains are methyl-red positive and suicidal at 37°C 
but are methyl-red negative and non-suicidal at 
30°C; 

(3) constant in strains of A. caviae, which are 
suicidal at both 30 and 37°C (Namdari & Bottone 
1988). Hence, the suicide character should be tested 
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A. caviae A. sobria*® 
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in cultures incubated for 18-24h at 30°C, which 
temperature is also optimal for gas production. 

If an organism has been idenufied as a member 
of the A. hydrophila complex by use of a rapid iden- 
tification kit, such as API 20E, and if purity has 
been confirmed by inoculation of the presumptive 
aeromonad culture to blood agar (e.g. Oxoid Columbia 
Agar with sheep blood, 5% v/v), three additional 
properties become available to assist its assignment 
to one of these three phenons: beta-haemolysis, 
Voges—Proskauer reaction and lysine decarboxylase 
activity (see Table 24.3). 


Other Aeromonas species 


The above practice may prove adequate for most 
laboratories and yet, as evidence emerges that certain 
species of Aeromonas seem to be associated with 
certain clinical syndromes and as new species of 
medical importance are described, more accurate 
speciation of Aeromonas species may be considered 
worthwhile and should increase awareness of taxo- 
nomic changes in this genus. Other clinically 
important species that have been isolated in recent 
years will be described. 


A. veronil 


‘The biogroups Sobria and Veronii, which can be 
distinguished phenotypically (Table 24.2), are 
members of the same genetic species A. veroni. In 
the phenotypic schemes outlined above, most clinical 
isolates that are identified as being A. sobria-like 
actually belong to A. veronit biogroup Sobria. (That 
A. sobria sensu stricto is not important clinically 
highlights just one current nomenclatural problem 
in the taxonomy of this genus.) 

Cultures of A. veronit biogroup Veront, which 
is isolated from clinica] specimens less often than 
biogroup Sobria, resemble V. cholerae biochemically 
but are aerogenic in fermentation tests and are resist- 
ant to O/129;* unlike other species of Aeromonas, 
they decarboxylate ornithine (Table 24.2). This 
species may be a new agent of diarrhoea, having 
been isolated from diarrhoeal faeces; it has also 
been found in infected wounds. Its biochemical 
and other properties have been fully described by 
Hickman-Brenner et al (1987). 


A. schuberti! 


A. schubertii resembles Vibrio damsela biochemically 
except that it is non-halophilic and resistant to 
0/129, It does not ferment mannitol or produce 


indole, properties which, along with its sensitivity to 
cephalothin, allow it to be readily differentiated from 
other species of Aeromonas (Hickman-Brenner et al 
1988). Most clinical isolates have come from extra- 
intestinal sites such as abscesses, infected wounds, 
skin, pleural fluids and blood cultures, often from 
patients with underlying disease. Its main biochemical 
properties are shown in ‘Table 24.2. 


A. jandaei 


Isolates of A. jandaet have been isolated from blood 
cultures, from infected wounds after exposure to 
water and also from diarrhoeal faeces and con- 
taminated sea-foods. Negative reactions in sesculin 
hydrolysis and sucrose fermentation are unusual 
properties for Aeromonas species (Table 24.2). This 
new species has been fully characterized by Carnahan 
et al (199Ic). 


A. trota 


Most isolates of this recently described species have- 
been obtained from the faeces of patients returning 
from South-east Asia with diarrhoea (Carnahan et al 
1991b). Characteristic of its biochemical profile 
are negative reactions in aesculin hydrolysis and the 
Voges—Proskauer test, and positive reactions mn arab- 
inose fermentation and lysine decarboxylase activity 
(Table 24.2), Unlike most species of Aeromonas, 
A. trota is sensitive to ampicillin and carbenicillin. 
The use of ampicillin blood agar will preclude its 
isolation from faeces. 

The methods and media suitable for identification 
of Aeromonas species by conventional techniques 
were discussed in detail by Carnahan et al (1991a) 
who also described a dichotomous key (Aerokey ID) 
useful for identifying clinically important species of 
Aeromonas. A modification of that system, in which 
only four biochemical tests have been used, is shown 
in Fig. 24.2. In that modified system, both A. jandaez 
and A. trota would, like A. veroni! biogroup Sobria, 
be aesculin negative and indole positive, but could 
be distinguished from it by further tests for sucrose 
fermentation and Voges—Proskauer reactions. 

A fuller set of biochemical tests available for the 
identification of the common species A. hydrophila, 
A. caviae and A. veronii biogroup Sobria and the 
rare species A. veronii biogroup Veronii, A. schuberti, 
A. jandaei and A. trota is shown in Table 24.2. — 
Carnahan et al (1991a) showed good correlation 
between the results obtained in conventional tests 
and those in the API 20E system. Hence, although 
API 20E is not suitable for identifying aeromonads 
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A. veronii . caviae 


Production of 


| gas from glucose | 


fp arabinose of oar 
arabinose 


A. does A. ye 9 
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Fig. 24.2 Dichotomous key for identification of clinically important species of Aeromonas (modified from Aerokey 1! of Carnahan et al 


199 1a). 


beyond the level of Aeromonas hydrophila complex, 
It can provide three of the four tests of the modified 


Aerokey II method (Fig. 24.2) and seven of the nine 


tests required for accurate speciation (Table 24.2). 


PLESIOMONAS 





Although still classified in the Vibrionaceae, recent 
molecular-genetic evidence suggests somewhat sur- 
prisingly that Plesiomonas may be more related to 
Proteus of the Enterobacteriaceae (Colwell et al 
1986). Plestomonas shigelloides, the only species, grows 
well on enteric media such as MacConkey Agar, 
DCA and XLD; growth is inhibited on brilliant-green 
and Salmonelia-Shigella agars and TCBS. Most 
strains form pale colonies on MacConkey and DCA; 
some will be missed, however, because about 30% 
of strains are lactose-fermenting in 24h (Clark & 
Janda 199}). 

As many as 25% of strains in the series of 
Holmberg et al (1986b) were agglutinated by anti- 
serum to Shigella sonnei phase 1 with which they 
share the O antigen. However, unlike shigellae, P. 
shigelloides is oxidase positive and motile with polar 
flagella. 

The organisms are Gram-negative bacilli, about 
0.8 X 3m, which grow well at 37°C (better at 
30°C) on many laboratory media; on blood agar 
they are non-haemolytic. These oxidase-positive, 
catalase-positive rods differ from aeromonads in 
being sensitive to vibriostatic agent O/129 (150 pg 
disc) (Khardori & Fainstein 1988); some strains are 
resistant in tests with 0/129 at 10 yg. 

They ferment glucose, maltose, trehalose and 
inositol] with production of acid but not gas; they do 
not ferment mannitol or sucrose. They decarboxylate 
lysine and ornithine, do not hydrolyse urea or gelatin 
and are Voges—Proskauer negative. 
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Because they are non-halophilic and unable to 
grow at temperatures less than 8°C, their distribution 
in fresh and river waters, ponds and muds is limited. 
In the UK and other European countries, they are 
rarely isolated except from patients with acute 
diarrhoea who have returned from, for example, 
South-east Asia, Africa, Central America and the 
Far East. In areas of high endemicity, however, the 
carriage rate may be high (e.g. 24% in Thailand). 
For a series of Plesiomonas isolated from patients in 
the USA, risk factors identified were foreign travel, 
consumption of sea-foods (often raw oysters) or 
untreated waters (Holmberg et al 1986b). 

Isolation of plesiomonads from faeces is not prob- 
lematic because they grow well on several routinely 
used enteric media (see above); however, the use of 
APW (pH 8.6)* for the enrichment of plesiomonads 
from faeces is controversial. Infrequent reports of 
extra-intestinal infections have been documented, 
usually from patients with immunodeficiency or 
underlying disease (Clark & Janda 1991). Strains 
are so rarely isolated that serotyping methods are 
appropriate to reference, not routine, laboratories 
and will not be discussed. 


CAMPYLOBACTER 





Campylobacters are slender, spiral Gram-negative 
rods which are motile by means of polar, unsheathed 
flagella, First isolated as pathogens of veterinary 
importance, e.g. ‘Vibrio fetus’ as a cause of abortion in 
cattle and sheep and ‘V. jejuni’ as a cause of diarrhoea 
in cattle and pigs, they also correspond to the ‘related 
vibrios’ found by King (1957, 1962) to be associated 
with enteritis in man, but isolated only from blood 
cultures for want of a selective method for isolation 
from faeces, 

Since the first isolation of campylobacters from 
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the faeces of patients with enteritis in the early 1970s 
(Dekeyser et al 1972, Butzler et al 1973), two species, 
Campylobacter jejuni and C. colt, are now among the 
commonest identified causes of enteritis in developed 
countries, e.g. c. 44000 reported cases in the UK 
in 1992 (Report 1993). Although they resemble 
vibrios in their morphology, polar flagellation and 
oxidase-positive characters, campylobacters are micro- 
aerophilic, do not ferment sugars and have a lower 
guanine—-cytosine (G+C) ratio (29-38mol%) than 
vibrios (39-51 mol%). The genus Campylobacter is 
now classified along with the genus Arcobacter in 
a separate family Campylobacteraceae. 


THERMOPHILIC CAMPYLOBACTERS 


Species of Campylobacter have different temperature 
requirements. Those most commonly associated 
with enteritis in man are thermophilic, i.e. will grow 
at 42-43°C and 37°C but not at 25°C;* this group 
includes C. jejuni, C. coli, C. upsultensis, C. lan and 
C. hyointestinalis. 


Morphology and staining 


Gram-negative slender, curved rods, 0.2—0.5 x 1.5- 
5m, appearing in comma, S-shaped or spiral 
(‘gull-wing’) forms. Campylobacters can be recog- 
nized by their peculiar darting motility, which has 
a corkscrew-like movement. Dark-ground microscopy 
of fresh stools may be used to detect their typical 
motility, but the sensitivity of the method 1s low 
compared with that of culture (Goossens & Butzler 
1992). 


Cultural characters 


Campylobacters are microaerophilic, i.e. for growth 


they require oxygen at tensions lower than in air, 
because hydrogen peroxide and superoxide anions 
are toxic, especially for the catalase-negative and 
catalase-weak species. The optimal gaseous composi- 
tion for growth is 5% oxygen, 10% carbon dioxide 
and 85% nitrogen. Some strains may become adapted 
to aerobic growth. 

Campylobacters grow well but slowly on good 
quality nutrient agars; growth may take 2—5 days to 
develop fully on suitable media such as Oxoid Blood 
Agar Base No 2 or Brucella Agar. The addition of 
whole (or lysed) blood to media provides extra 
nutrients and removes toxic forms of oxygen; on 
blood agar, they are non-haemolytic. Charcoal is 


an effective substitute for blood in media for growing 
campylobacters (Hutchinson & Bolton 1984, Karmali 
et al 1986). 

Direct plating of clinical specimens on to non- 
selective media is suitable for the isolation of 
campylobacters from clinical specimens, such as blood 
and body fluids, that are normally sterile. For iso- 
lation from faeces, various selective plating media 
have been devised that contain different combina- 
tions of antibiotics (see below). On freshly poured 
solid media, the colonies are flat, moist, translucent 
and, when young, are like water droplets. ‘They com- 
monly range from 0.5-3 mm in diameter and tend 
to become confluent along the streaks made by the 
inoculating wire. 


identification tests 


Most thermophilic campylobacters are oxidase 
positive, nitrate positive (reducing), urease negative, 
catalase positive and generally do not form H,5 
on triple-sugar iron (TSI) medium (Ch. 7). How- 
ever, strains of C. upsaltensis (formerly designated 
CNW) are catalase negative or weakly positive and 
strains of C. hyointestinalis form HS. Occasional 
strains (designated the UPTC variety) of C. lari are 
urease positive. The ability to hydrolyse hippurate* 
is considered to be diagnostic for strains of C. jeuni 
(Skirrow & Benjamin 1980b), but atypical strains of 
this, and other, species are found. Hydrolysis of indoxyl 
acetate (HIA)* by strains of C. jejuni, C. colt and C. 
upsaliensis differentiates them from the HIA-negative 
C. lari and C. hyointestinalis (Hodge et al 1990). 

The results of antibiotic-sensitivity tests of campylo- 
bacters to nalidixic acid* and cephalothin may assist 
the identification of Campylobacter species (Table 
24.4). In tests performed with discs (30 pg), any 
zone of inhibition of growth indicates susceptibility. 
Hence, most strains of C. Jari are nalidixic-acid 
resistant and most strains of C. upsaliensis are sensi- 
tive to both nalidixic acid and cephalothin. However, 
due to the emergence of dnig resistances among 
different campylobacters, speciation based on anti- 
biotic patterns alone is not recommended. 


Viability 

Oxygen at normal atmospheric pressure is toxic to 
the growth of most campylobacters which die rapidly 
when exposed to air. Their survival time increases 
as temperature declines, e.g. at 4°C they may survive 
for 3-5 weeks in milk, water, faeces or urine. ‘hese 
materials, when contaminated, may acl as reser- 
voirs of infection (Blaser et al 1980). Outbreaks of 
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infection have followed the drinking of untreated 
water from rivers, streams and lakes, and raw or 
improperly pasteurized milk from cows that have 
contaminated it from their faeces or infected udders 
(Robinson & Jones 1981). 

However, even thermophilic species are heat- 
sensitive, being inactivated at 48°C; therefore, they 
should normally be killed by the temperatures 
achieved by most domestic cooking procedures or 
milk pasteurization. They are also susceptible to 





drying and acidic conditions (<pH 5.0), are inhibited . 


by NaC] (>2%) and are sensitive to the bactericidal 
effects of chlorine (Report 1993). 

Campylobacters may also survive well on raw 
meat, pork or poultry derived from infected animals, 
which may cause infection if eaten lightly cooked, 
salted or smoked. Persons handling or preparing 
the raw flesh may infect themselves (Skirrow 1982). 
The survival properties of the campylobacters will 
influence the types of food involved in transmission 
of infecuon. Under certain conditions, e.g. as cul- 
tures age, coccoid forms may appear that are viable 
but non-cultivable by conventional techniques. These 
viable, non-cultivable forms may facilitate the survival 
of campylobacters in inanimate environments. 


Antibiotic sensitivity 


Because most cases of campylobacteriosis do not 
require antibiotic treatment, many diagnostic labo- 
ratories no longer perform antibiotic-sensitivity test- 
ing of campylobacter isolates from cases of enteritis, 
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unless it is specifically requested by a clinician. 
For the few cases requiring antibiotic intervention, 
namely, those in whom symptoms are unusually 
severe or prolonged, erythromycin remains the anti- 
biotic of choice. Resistance to erythromycin among 
clinical isolates from man in developed countries is 
uncommon and is more usually associated with C. 
coli (10%) than with C. jejuni (2%) and other species 
(Doyle & Jones 1992), 

For treatment of infection by erythromycin-resistant 
strains, ciprofloxacin has been used with consider- 
able success. However, in some countries emerging 
drug resistances present particular problems, e.g. in 
Thailand erythromycin resistance was found to be 
alarmingly high in both C. jejuni and C. coli (11% 
and 46%, respectively; Taylor et al 1987). Strains 
resistant to erythromycin show cross-resistance to 
other macrolides including spiramycin, lincomycin 
and clindamycin. Although recent surveys have 
indicated that <1% of strains of Campylobacter in 
the USA were resistant to ciprofloxaciu, significant 
increases have been noted in other countries, e.g. 
in Spain, for both C. jeyunt (57%) and C. colt (43%), 
resistance developing particularly after exposure to 
the drug (Navarro et al 1993), 

Many strains (c. 50%) are now resistant to tetra- 
cyclines, but most strains (90%) are still sensitive 
to chloramphenicol (<8 ug/ml). The resistance of 
many campylobacters to antibiotics such as cephalo- 
sporins, colistin, rifampicin, vancomycin and 
trimethoprim has been exploited in the formulation 
of selective plating media suitable for the isolation 
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from faeces of most, but not all, species of 
Campylobacter involved in human enteritis (but see 
below). 

Some laboratories continue to perform disc testing 
for both identification and treatment prediction. 
However, microdilution techniques on agar and in 
broth are considered superior for the latter purpose. 
For a full discussion of the relative merits of these 
tests in determining the MICs of antibiotics: for 
campylobacters, including the novel E tests (AB 
Biodisk, Sweden), the reader is directed to the 
excellent review of Tenover et a! (1992). 


Antigenic characters 


The schemes commonly used for serotyping strains 
of Campylobacter are those of (1) Penner, a passive 
haemagglutination technique identifying thermo- 
stable (HS) lipopolysaccharide antigens of C. jejuni 
and C. colt (Penner & Hennessy 1980), and (2) Lior, 
a slide agglutination method distinguishing thermo- 
labile (HL) antigens of live C. jejuni (Lior et al 1982), 
and which recognize 70 and 108 serotypes, respec- 
tively. Most (> 90%) of the thermophilic campylo- 
bacters tested are typable by both methods; when 
the two serotyping methods are used together, or in 
combination with either biotyping (Bolton et al 
1984a) or phage typing (Khakria & Lior 1987), they 
provide excellent strain discrimination for epidemio- 
logical purposes (Patton & Wachsmuth 1992). 
However, useful as they are for epidemiological 
studies, none of these subtyping methods seems 
readily adaptable for routine use in diagnostic labo- 
ratories, most of which do not even attempt to 
speciate campylobacters. Hence, these subtyping 
methods currently seem more appropriate for use in 
reference or research, than diagnostic, laboratories. 


LABORATORY DIAGNOSIS OF 
CAMPYLOBACTER ENTERITIS 


The isolation of campylobacters from faeces has 
traditionally relied on the use of selective media 
incubated under appropriate atmospheric conditions 
and temperatures. Among the selective media* com- 
monly used are those of Skirrow (1977), Butzler & 
Skirrow (1979), the Preston formulation of Bolton 
& Roberston (1982) and a blood-free charcoal-based 
desoxycholate medium (modified CCDA, after that 
of Hutchinson & Bolton 1984). 

Microaerophilic conditions, preferably in an atmos- 
phere containing 5% (v/v) oxygen, 7—-10% carbon 
dioxide and the rest nitrogen or hydrogen, may be 
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achieved in several ways. For example, place the 
plates in an anaerobic-type jar without a catalyst, 
seal tightly, extract 65-70% of the air by drawing a 
vacuum of 500-550 mm Hg (i.e. to a residual pres- 
sure of about 250 mm Hg) and let the jar refill to 
atmospheric pressure (760 mm Hg) with a mixture 
of 10% carbon dioxide and 90% nitrogen or hydro- 
gen. Alternatively, use a commercial gas-generating 
pack (see Ch. 6). 

If such precise means for obtaining microaerophilic 
conditions are not available, a small volume (0.5 ml) 
of methylated spirits may be burned in a candle jar 
before plates (no more than 8) are incubated in it 
(Ribeiro et al 1985). With this simple, inexpensive 
method, a supplement* can be added to the medium 
to increase the aerotolerance of the bacteria. 


Isolation on selective media 


1. Fresh diarrhoeal faeces should be plated out © 
on a plate of one of the recommended selective 
media.* Older specimens may also be plated directly 
on selective media as long as they have been held 
at 4°C for <24h. Enrichment in selective enrich- 
ment broth,* while useful for the isolation of small 
numbers of campylobacters present in foods, waters 
or other environmental samples, is not recommended 
for the processing of incorrectly handled specimens 
of faeces (Goossens & Butzler 1992). Instead, faeces 
held for >24h at ambient temperature should be 
discarded and a fresh specimen requested. 

2. Incubate the plate for 48h at 42—43°C in a 
microaerophilic atmosphere obtained by one of the 
methods described above. 

3, Examine plates for the characteristic effuse 
droplet-like colonies. Plates negative at 48h may 
be re-incubated for a further period of 48 h under 
the same conditions as in the primary incubation; 
extended incubation may yield a further 5% of late 
positive cultures. 

4. Confirm that the colonies are campylobacters 
as follows. (a) In a Gram-stained smear, counter- 
stained with dilute carbol fuchsin for 5 min, demon- 
strate small curved or spiral Gram-negative bacteria. 
(b) Perform an oxidase test on the colonies by the 
paper method (Ch. 7) to demonstrate the positive 
reaction of campylobacters. (c) Test for catalase 
production (Ch. 7) to identify thermophilic species 
other than C. upsaliensis. (d) Darting motility may 
be seen in suspensions from colonies but Is optimally 
demonstrated in liquid subcultures or even in the 
original suspension of faeces, 

5. Strains of C. lari and C. hyointestinalis currently 
account for <0.5% of all campylobacters isolated 
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from human faeces and C. upsaliensis requires special 
methods for its isolation (sec below). Hence, the 
organisms isolated and identified by the above proce- 
dures will almost certainly be C: jejuni or C. coll, 
which account for c. 90% and 10% respectively of 
speciated isolates. 

6. A report that a Campylobacter species has been 
isolated provides sufficient information for clinical 
purposes. In most cases, it is unnecessary to report 
the results of antibiotic sensitivity testing; indeed, 
many laboratories no longer perform these tests 
routinely. 

7. Inexperienced workers unfamiliar with campylo- 
bacters or their identification should send a pure 
culture of the isolate to a reference laboratory for 
species identification and type characterization 
(see above), Material from a pure culture of the 
campylobacter isolated should be transmitted to a 
reference laboratory on a suitable charcoal-based 
culture-transport swab likely to facilitate its survival 
(e.g. Amies Medium Transport System, Difco). 

8. If species identification is to be attempted by 
in-house methods, the range of tests shown in Table 
24.4 should prove useful (adapted from Goossens & 
Butzler 1992, Report 1993). Three supplementary 
diagnostic tests — for arylsulphatase, pyrazinamidase 
and susceptibility to polymyxin B — have recently 
been reported to assist the identification of species 
of Campylobacter and related organisms (Burnens 
& Nicolet 1993). Alternatively, most species of 
Campylobacter and Helicobacter can. be identified 
with a commercial kit (e.g. the API Campy system, 
bioMérieux), 


Isolation by filtration method 


Current procedures for the isolation of campylo- 
bacters tend to favour the use of a selective antibiotic- 
containing medium incubated microaerophilically 
at 42—43°C, conditions favourable to the growth of 
antibiotic-resistant thermophilic strains of Campylo- 
bacter species. However, these same techniques are 
not suitable for the isolation of some strains of C. coli 
and most strains of C. upsaliensis, namely those that 
grow poorly at 42°C or are sensitive to the antibiotics 
used 1n the selective medium. 

Ihe original method of isolation of campylobacters 
on non-selective blood agar involved a preliminary 
filtration step in which the small, slender campylo- 
bacters in the faecal sample were allowed to pass 
through a membrane that retained most other 
bacterta and faeca] debris. The method found little 
favour because it required centrifugation steps and 
was costly and time-consuming. An alternative 
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method, which has considerably simplified the filtra- 
tion process, has revived interest in the filtration pro- 
cedure for some laboratories (Steele & McDermott 
1984). 


1. Add 1 g of faeces to 16 ml sterile saline in a 
specimen container to which glass beads have been 
added and vortex vigorously for c. 30 seconds. Allow 
to settle for 2 min. Liquid faeces can be used without 
dilution. | 

2. Place a filter of 0.47-\um pore size (e.g. from 
Milhpore, Sartorius or Whatman) on the surface of 
a freshly poured plate of anon-selective medium, i.e. 
a blood- or charcoal-based agar without antibiotics. 

3. With a pasteur pipette, add c. 10 drops of 
faecal suspension to the surface of the membrane; the 
drops must not be allowed to spill beyond the edge 
of the filter. 

4. Remove and discard the filter 30 min after 
application of the faecal suspension. 

5. Incubate the plate as described above for 
selective media. This method has been shown to be 
valuable for the isolation of antibiotic-susceptible 
strains of Campylobacter. For example, of 99 strains 
of C. upsaliensis isolated by Goossens & Butzler 
(1989, 1992) by filtration, only 4 were isolated by 
direct plating on conventional selective media. Maxi- 
mum isolation of campylobacters from human faeces 
is likely to be achieved, if resources allow, by direct 
plating on an antibiotic-containing selective agar 
medium, together with filtration on to a non-selective, 
1.e. antibiotic-free, agar medium incubated at 37 or 
42°C. 
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C. fetus, the type species of this genus, is likely to be 
the most familiar of the other species of Campylo- 
bacter in diagnostic laboratories. "wa subspecies, 
C. fetus subsp fetus and C. fetus subsp wenerealis, are 
recognized that cause abortion in cattle and sheep; 
the latter subspecies has not been isolated from man. 

C. fetus subsp fetus is an opportunistic pathogen 
which has been isolated from the blood and other 
body fluids of patients debilitated by immune defi- 
ciency or who have an underlying chronic disease. 
It has a predilection for endothelial surfaces and 
secondary involvement of pulmonary, cardiovascular | 
and meningeal sites is not uncommon. It has been 
implicated rarely as an agent of human abortion. 

C. fetus subsp fetus is responsible for 8-10% of 
the very few campylobacter bacteraemias per year 
in the UK (Healing et al 1992). Like the thermo- 
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philic campylobacters, it is oxidase positive, catalase 
positive, H,S negative but, unlike them, it grows at 
25 and 37°C but not at 42°C; it hydrolyses neither 
hippurate nor indoxyl acetate (Table 24.4). It may 
cause proctitis or proctocolitis in homosexual men; 
its association with gastroenteritis is uncertain because 
it does not grow at 42-43°C on the antibiotic- 
containing selective media usually used for thermo- 
philic campylobacters. 

The catalase-negative group of campylobacters 
includes C. sputorum, C. concisus, C. rectus, C. curvus 
and C. mucosalis, the last not having been found in 
human infections. C. -concisus, C. rectus and C. curvus 
may be found in gingival crevices and periodontal 
pockets in man and clinical isolates have been associ- 
ated with infections of dental abscesses, root canals, 
blood and other sites. Their involvement in enteritis 
in man is speculative at this stage; they would prob- 
ably need filtration techniques for isolation from 
faeces. Properties for their identification are shown 


‘in Table 24.4. 


ARCOBACTER 

Originally considered to be atypical campylobacters 
because they were aerotolerant, this group of spiral 
bacteria has been transferred to a new genus Arcobacter 
in the family Campylobacteraceae. They are spiral, 
Gram-negative bacilli, motile by unsheathed flagella, 
nitrate positive (reducing), catalase positive (some- 
times weak) and generally urease negative; hence, it is 
difficult to distinguish them from campylobacters. 
However, unlike campylobacters, they grow well at 
15-25°C in air but grow poorly, if at all, at 42—43°C. 
A. cryophilus and A. butzleri have been isolated from 
human diarrhoeal faeces, especially from children 
in developing countries; however, they are unlikely 
to be isolated by the selective methods commonly 
used for isolation of thermophilic campylobacters. 
Most strains of these pathogenic species hydrolyse 
indoxy] acetate but not hippurate, are nalidixic acid 
sensitive and cephalothin resistant. A. nitrofigilis is 
not associated with infection in man. 


HELICOBACTER 


There is now abundant evidence that Helicobacter 


pylori causes chronic active gastritis, is a major factor 


in the development of duodenal! ulceration and is 
associated with, but not necessarily the cause of, 
gastric ulceration and gastric carcinoma (McNulty 


1990, Owen 1993a). The curved bacilli are found 
under the layer of mucus on the epithelium of the 
gastric antrum in most patients with active chronic 
gastritis, or gastric or duodenal ulcer. ‘They require 
protection from the lethal action of the acid gastric 
secretion by the covering of an intact layer of mucus 
and, though readily cultivable from biopsies taken 
from mucus-covered epithelium, are rarely cultivated 
from acid gastric washings. Although it has been iso- 
lated from other species, man is the most important 
animal host. 

Helicobacter pylori was originally classified in the 
genus Campylobacter but is now known to differ 
from the campylobacters in 16S rRNA sequences, its 
unique fatty acid content and possession of multiple 
(up to seven) flagella which are located polarly and 
shown by electron microscopy. to be sheathed. It 
is now believed to be phylogenetically closer to 
Wolinella (see below) than to Campylobacter and its 
assignment to a new genus Helicobacter was proposed 
by Goodwin et al (1989). 

Of the species causing human infection, /7. pylori 
is the most important. Its microaerophilic require- 
ment will be satisfied by growing in air with enhanced 
CO, (10%) or in a gaseous mixture of CO,/O,/N, 
(10/5/85%). The high level of humidity required for 
optimal growth is best achieved with freshly poured 
plates used without drying. H. pylori grows well on 
non-selective media such as blood-containing agar 
or heated blood (chocolate) agar, giving small colo- 
nies in 3-7 days at 35-37°C; some strains will grow 
at 42°C. They are oxidase positive and catalase 
positive (Marshall & Warren 1984) and exhibit 
strong urease activity (McNulty & Wise 1985). The 
bacteria, which are Gram-negative, are described as 
being small (0.5-0.9 x 2.5-3.0 1m) and showing 
spiral and helical forms; that characteristic morphol- 
ogy, however, is less obvious in agar-grown cultures, 
which reveal short, plump rods. Motility is best 
demonstrated in broth cultures. 


LABORATORY DIAGNOSIS OF 
HELICOBACTERIOSIS: 





A biopsy of mucosa from the gastric antrum, taken 
by endoscopy, should be placed in a small (6 ml) 
screw-capped bottle containing 0.2 ml sterile 0.85% 
NaCl solution to maintain humidity. Because atmos- 
pheric oxygen reduces viability, the specimen should 
be processed, if possible, within 1h. If culture will 
be delayed, a transport medium that provides a 
moist, reduced oxygen environment and suppresses 
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contaminating bacteria may be used, (e.g. Portagerm 
pylori, available from bioMérieux), or the specimen 
may be chilled at 4°C for up to 5h. 


Microscopy 


The demonstration of the presence of spiral bacteria 
in a biopsy specimen, smeared and heat-fixed on a 


glass slide and stained by Gram’s method, provides - 


presumptive evidence of infection with H. pylori. 
Biopsy material can also be examined microscopi- 
cally after staining with haematoxylin—eosin stain or 
a modified Giemsa (Gray et al 1986). 


Biopsy—urease test 


Another test providing a rapid, presumptive diagno- 
sis at the time of endoscopy is the biopsy—urease 
test, in which ground biopsy material is added to 
Christensen’s Urea Broth, provoking a strong shift 
in pH to alkalinity and a rapid colour change if 
large numbers of H. pylori are present. Commercial 


versions of the urease test, e.g. the CLOtest (Medical - 


Instruments) are available. The urease tests are 100% 
specific and simple to use but of variable sensituvity 
(McNulty 1990). However, a positive result by any 
of these indirect methods should be confirmed by 
direct isolation of the organism, allowing antibacterial 
sensitivities to be determined and the strain to be typed. 


Culture 


Biopsy material, ground up by a glass grinder, should 
be plated on a non-selective blood-containing agar; 
Brucella Agar with sheep blood 5%, Tryptone Soya 
Agar with sheep blood 5%, Brain Heart Infusion 
Agar with horse blood 5%, and heated blood (choco- 
late) agar have been used with success. Brucella 
Broth supplemented with horse or fetal-calf serum, 
1—10%, is a suitable liquid medium. 

The isolation of this slow-growing bacterium can 
be enhanced by incorporation of appropriate anti- 
biotics to make these media selective. For example, 
the addition of vancomycin (6 ug/ml), nalidixic acid 
(20 g/ml) and amphotericin (2 ug/ml) to Brain 
Heart Infusion Agar led to the enhanced recovery 
of H. pylori; again, because H. pylori is resistant to 
trimethoprim, vancomycin and polymyxin, Skirrow’s 
Campylobacter Medium* is suitable for the isolation 
of H. pylon (Goodwin et al 1985). 

Plates should be incubated at 37°C for 3—7 days 
in an anaerobic jar, evacuated and made micro- 
aerophilic with O, 5% and CO, 10%. Commercial 
gas-generator envelopes for production of reduced 
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oxygen atmosphere offer a suitable alternative, e.g. 
CampyPak Plus (Becton Dickinson). An extensive 
comparison of the culture media and the atmospheric 
conditions suitable for the growth of H. pylori was 
made by Koneman et al (1992). 

The growth of small colonies (< 2 mm in diameter) 
that are grey and translucent and positive for oxidase 


and catalase, and consisting of Gram-negative spiral .- 


bacteria, indicates the presence of H. pylon. A portion 
of a colony emulsified in 0.5 ml Christensen’s Broth 
will turn it pink within seconds even at ambient 


temperature. Further identification tests for H. pylori 


are shown in Table 24.5. 

_ The API Campy strip (bioMérieux), inoculated 
and incubated in aerobic conditions at 37°C for 24 h, 
is designed to provide next-day identification; how- 
ever, H. pylori is unreactive in 17 of the 21 tests in 
this kit which is poorly discriminatory for this species. 
The RAPIDEC pylon kit marketed later by the same 
company (bioMérieux) gives a better, more rapid 
identification from only four biochemical reactions: 
urease, gamma-glutamyl transferase, alkaline phos- 
phatase and nitrate reduction (H. pylori characteristi- 


cally gives results that are +/+/+/-, respectively). An 


instant colour change in the urease cupule gives an 
early, presumptive identification, confirmed after 
2-4 h by results from the other three tests. 


Antibiotic sensitivity 


Strains of H. pylori are sensitive in vitro to a very 
wide range of antibacterial agents and resistant to 
only a few, including sulphonamides, trimethoprim, 
polymyxins, nalidixic acid and vancomycin. An 
extensive list of in-vitro antibacterial activities and 
in-vivo efficacies of agents used against infection by 
H. pylori has been presented by Morgan (1993), Cur- 
rent ideas suggest that triple therapy with a bismuth 
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salt, metronidazole and either amoxycillin or tetra- 
cycline gives optimal clearance and eradication of 
H. pylori (McNulty 1987, Bell 1993). However, iso- 
lated strains should be regularly monitored because 
metronidazole resistance may be a problem. 


Typing 


Readily applicable typing techniques for H. pylort 
are not available for routine use in diagnostic labo- 
ratories; however, molecular (DNA-based) typing 
studies show considerable promise for application to 
epidemiological problems in reference and research 
laboratories (Owen 1993a). 


Serological analysis 


A wide variety of in-house and commercial sero- 
logical tests is available for the diagnosis of H. pylon 
infection. Most of these assays are ELISA-based 
and use pools of isolates from which crude antigenic 
extracts are derived by acid treatment or sonication. 
In others, highly immunogenic preparations of urease 
of varying purity have been tested. Most are of 
high sensitivity and specificity (of the order of 95%) 
and provide a rapid, inexpensive means of diagnosing 
infection. However, while they are useful in pro- 
cessing large numbers of serum samples from, say, 
patients with recurrent infection, they may not be 
so useful in measuring success in eradication after 
treatment. A detailed comparative account of the 
diagnostic characteristics of the principal ELISA- 
based tests used in the USA and the UK is available 
for those interested in a serological approach (Talley 
et al 1991). 


OTHER HELICOBACTERS 





Other species of Helicobacter have been isolated from 
man at low frequency from non-gastric sites. For- 
merly described as Campylobacter-like organisms 
(CLO-1 and CLO-2) and as species of Campylobacter 
(Fennell et al 1984, Totten et al 1985), these organ- 
isms were shown to be related to H. pylori and have 
been reclassified as H. cinaedi and H. fennelliae. 


H. cinaedi 


First isolated from rectal swabs from homo/bisexual 
men with and without symptoms of proctitis, but 
more often in the former, this species has also been 
isolated from the blood of patients with underlying 
disease, such as tuberculosis and AIDS, and also 
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from patients who were not homo/bisexual. From 
sterile sites such as blood, it will grow on non- 
selective media, as described above. From sites such 
as rectal swabs, it can be isolated on Brucella Agar 
with sheep blood 10%, vancomycin (10 pg/ml, poly- 
myxin (25001U/ml) and amphotericin (2 |1g/ml) 
incubated at 37°C for 7 days. Unlike H. pylori, this 
non-gastric helicobacter is urease negative, grows 
only at 37°C, reduces nitrate to nitrite and is 
sensitive to nalidixic acid (Table 24.5). The natural 
reservoir of this species may be harnsters. 


H. fennelliae 


This species too has been isolated fram rectal swabs 
of homo/bisexual males and from blood cultures 
also. It is urease negative, grows only at 37°C and 1s 
sensitive to both nalidixic acid and cephalothin 
(Table 24.5). It has also been isolated from chickens. 
The pathogenic status of H. cimaedi and H. fennelhae 
is still uncertain. 

Other more recently described species of Hehcobacter 
isolated from the gastric mucosa of other animals 
‘nclude H. mustelae (from ferrets), H. felis (cat/dog), 
H. nemestrinae (monkey), H. muridarum (mouse/rat) 
and H. acinonyx (cheetah) which are also strongly 
urease positive. However, since none of these species 
has yet been isolated from man (Owen 1993b), the 
properties whereby they can be differentiated from 
H. pylori are not listed. 


Gastrospirillum hominis 


Another gram-negative spiral bacterium, larger and 
more tightly coiled than H. pylori, may be seen in the 
gastric mucosa of some (< 0.5%) patients with acute 
to chronic gastritis or gastric ulcer (Fischer 1992). 
Originally named ‘Gastrospirillum hominis’ (McNulty 
et al 1989), this organism has been shown by rRNA- 
gene sequence homology to be a helicobacter, most 
closely related to H. felis (Solnick et al 1993). The 
organism, which has not yet been cultivated, is 
thought to be transmitted to man from domestic 
animals (Thomson et.al 1994). 

Urease tests on gastric tissue containing ‘G. 
hominis’ are usually positive (Dent et al 1987). Sera 
from infected patients react with an antigen prepared 
from H. felis (Qwen 1993b). 


WOLINELLA 
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Modern genetic techniques indicate that Wolinella 
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is closely related to, but distinct from, Helicobacter 
(Owen 1993b). W. succinogenes, the type species 
(Tanner et al 1981), is a Gram-negative rod that has 
been isolated from” bovine rumen contents. Often 
described as a strict anaerobe, it is probably micro- 
aerophilic. It is oxidase negative (weakly positive 
under some conditions), catalase negative and urease 
negative; actively motile, it possesses a single polar 
flagellum. It can be readily distinguished from the 
Hehcobacter species isolated from man (see Table 
24.5). Not yet known to have been isolated from 
clinical specimens, it is of interest to clinical micro- 
biologists because it resembles Campylobacter concisus. 

Other species of Woltnella isolated from man were 
named W. recta, from oral lesions and occasionally 
from blood cultures, and W. curva, from the human 
respiratory tract. Their ability to cause disease in 
man is as uncertain as their taxonomic status. 
However, the properties of these two species are 
so campylobacter-like as to have warranted their 
reclassification as Campylobacter rectus and C. curvus 
(see above). 


METHODS FOR VIBRIOS 


Alkaline salt transport medium 


This non-nutritive fluid helps to maintain the viability 
of V. cholerae and other Vibrio species in a specimen 
of faeces and prevent its overgrowth by other bacteria 
when there may be a delay of more than a few hours 
inthe specimen’s transmission to the laboratory. 


Boric acid, HBO, : 3.19 
Potassium chloride, KCI 3.79 
Sodium hydroxide, NaOH, 

0.2 mol/litre 133.5 ml 
Dried sea salt 20g 
Distilled water 867 mi 


Dissolve the boric acid and potassium chioride in 
200 ml hot distilled water, cool and make up to 250 ml. 
Add 133.5 ml of the sodium hydroxide solution and 
make up with distilled water to 1 litre. Add 20 g of 
dried sea salt, adjust the pH to 9.2 by the addition 
of sufficient 5% NaOH or Na,CO, solution and filter 
through filter paper. Distribute in 10m! amounts in 
wide-mouthed 28 ml screw-capped bottles and auto- 
clave at 121°C for 15 min. 

A substitute for 20g sea salt is a mixture of 27g 
NaCl, 1 g KCl, 3 g MgClo.6H,O and 1.8 g MgSO,.7H.O. 

Use. Add 1-3 g of the faecal sample to 10 ml trans- 
port medium, seal, mix thoroughly and transmit to the 
laboratory. 
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Taurocholate peptone transport and 
enrichment medium 


This_nutritive selective liquid medium may be used 
either as a transport (holding) medium to maintain 
the viability of V. cholerae and other Vibrio species in 
specimens during delay in transmission to the labora- 
tory or as an enrichment medium to promote selective 
outgrowth of V. cholerae from faeces before plating 
on a selective agar medium. , 


Peptone, e.g. Trypticase (BBL) 10g 
Sodium chloride, NaC} 10g 
Sodium taurocholate 5g 


Distilled water 1 litre 


Dissolve the ingredients, adjust the pH to 9.0 by 
the addition of sufficient sodium-hydroxide solution 
1 mol/litre, distribute in 20 ml amounts into 28 mi screw- 
capped bottles and autoclave at 121°C for 15 min. 

To make the medium more selective for vibrios, add 
Sterile potassium tellurite solution to the autoclaved 
medium to give a final concentration of 1 in 200 000 and 
use within 2 weeks, 

Use, Place about 1g faeces or a rectal swab in 
the medium, seal and transmit to the laboratory. In a 
hot climate, subculture a loopful on to a selective 
plating medium within 6-8 h at ambient temperature. 
Also incubate overnight at 37°C and subculture again 
on a plating medium next day. | 


Alkaline peptone water (APW) 


This is an excellent medium for enriching the numbers 
of V. cholerae and other Vibrio species in a faecal — 
specimen before plating on a selective agar medium. 


Peptone 10g 
Sodium chloride, NaCl 10g 
Distilled water 1 titre 


Adjust the pH to 8.6, distribute in 10m! or 20 ml 
amounts in 28 ml screw-capped bottles and autoclave 
at 121°C for 15 min. 

Use. Inoculate 1 g faeces into 10 ml APW, or about 2 g 
into 20 ml. Incubate at 37°C for 5-8 h and then inocu- 
late a loopful from the top of the peptone water on toa 
selective plating medium. If the incubation is continued 
for more than 8 h before subculture, the vibrios may be 
overgrown by other bacteria. It is possible to incubate 
the APW overnight at ambient (c. 20°C) temperature 
before subculture to a selective plating medium. 


Thiosulphate citrate bile sucrose (TCBS} 
agar | 


This is now the most used selective plating medium 
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for vibrios. It was first described by Kobayashi et al 
(1963). It gives good growth of V. cholerae, V. para- 
haemolyticus and other vibrios within 24h at 37°C 
(colonies 2—5mm in diameter) and inhibits most 
enterobacteria and Gram-positive bacteria, though 
allowing some strains of proteus, aeromonas and 
enterococci to form small colonies (1 mm). It resembles 
deoxycholate citrate agar (DCA) except that it has 
the high pH -value of 8:6; it contains sucrose and 
indicator dyes that show a change due to acid 
formation on the alkaline side of neutrality. Sucrose- 
fermenting vibrios form yellow colonies and non- 
sucrose-fermenters green ones. 

Precautions in the preparation of TCBS agar, e.g. 
the avoidance of autoclaving certain ingredients, are 
similar to those for DCA (see Ch. 21). 


Typical constituents 


Yeast extract | aoe a 
Peptone 10g 
Na .S.0,.5H,O 10g 
NaCl 109 
Sodium citrate 10g 
Ferric citrate 1g 
Ox bile 8g 
Sucrose 20g 
Bromothymol blue 0.04g 
Thymo! blue 0.04 g 
Agar 15g 
Water 1000 ml 


The pH of the medium is 8.6. The composition of 
this medium is complex and its preparation laborious. 
Commercial preparations are available from several 
manufacturers, but batch variability from different 
sources is a problem. Use of dried powder from one 
supplier, e.g. Oxoid Cholera Medium TCBS (CM333), 
may obviate some of these difficulties, but quality 
control of its performance is important. 

Dissolve 88 g powder (Oxoid) in 1 litre of distilled 
water by heating at 100°C. Do not autoclave. Pour 
20 ml volumes at once into Petri dishes and dry before 
use, Do not reheat medium. Store plates in airtight 
plastic bags at 4°C to exclude atmospheric CO, which 
lowers the pH. 


Monsur’s tellurite taurocholate gelatin 
agar 


This medium (Monsur 1963) is useful for the isolation 
of cholera and other vibrios from faeces, rectal swabs 
and other contaminated materials. Classical strains 
of V. cholerae grow more freely on it than on TCBS 


agar. The high pH and potassium tellurite are inhibitory 
to most enterobacteria and Gram-positive bacteria, 
though proteus may form grey-centred colonies without 
a halo. Vibrios at 24 h show small (1—2 mm) translucent 
colonies with a grey-black centre and a turbid halo, 
at 48h larger (3-4 mm) colonies with a black centre 
and well defined halo. 


Taurocholate gelatin agar 


Peptone, e.g. Trypticase (BBL) 10q 
Sodium chloride, NaCl 10g 
Sodium taurocholate 5g 
Sodium carbonate, Na,CO, 1g 
Gelatin (Difco) 30 9 
Agar 159g 
Distilled water 1 litre 


First dissolve the agar and the sodium chloride by 
heating at 100°C, then add the gelatin and other 
ingredients, shaking frequently until dissolved. Adjust 
the pH to 8.5 by the addition of sufficient sodium 
hydroxide 1 mol/litre solution and distribute in 100 ml 
volumes into 125 ml screw-capped bottles. Sterilize by 
autoclaving at 121°C for 15 min. The medium keeps 
well if stored in a cool place. 

Potassium tellurite solution. Prepare a 0.5% solu- 
tion of potassium tellurite (K,TeO,) in water and auto- 
clave at 115°C for 20min. This solution keeps 
indefinitely. It is toxic. 

Complete medium. With sterile precautions, make 
a 1 in 10 dilution of the 0.5% potassium tellurite solu- 
tion. Melt and cool to 50°C a 100ml volume of the 
taurocholate gelatin agar and add to it, mixing well, 1 ml 
of the diluted (0.05%) potassium tellurite solution. 
While still melted, pour 20m! volumes into plates. 
Use the plates soon after setting and drying or store 
as for TCBS. The final pH of the medium should be 
between 8.5 and 9.2. 


Salt requirements 


The tolerance of, or requirement for, different concen- 
trations of sodium chloride in the growth medium is 
a useful distinguishing character of different Vibrio 
species (Table 24.1). The vibrio is tested for its ability to 
grow in peptone water media with different concentra- 
tions of added NaCl. Dried commercial peptones 
contain mostly between 2% and 10% NaCl, so that 1% 
peptone water made without any added NaCi may be 
expected to contain about 0.05% NaCl. This concentra- 
tion, shown in Table 24.1 as ‘0% NaCl, is too low 
to support the growth of the halophilic vibrios, which 
give increasing growth with additions of NaCl from 
0.5% up to 3% or more. 
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Prepare a series of 1% peptone waters (pH 7.5) 
from a low-salt peptone and with the additions of 0%, 
0.5%, 3%, 6%, 8% and 10% NaCl. Inoculate each 
with a loopful of a light suspension of the strain under 
test in sterile water and incubate at 37°C for 24h. 
Recognize growth by the presence of light turbidity in 
the culture after mixing. 


Cholera red reaction 


Grow a pure culture in a tube of peptone water for 
4 days at 37°C. Add a few drops of concentrated, 
chemically pure sulphuric or hydrochloric acid. The 
development of a reddish-pink colour due to the forma- 
tion of nitroso-indole is characteristic of V. cnorerae 
and many other vibrios. 


Polymyxin sensitivity 


Grow a pure culture of the vibrio in nutrient broth 
(PH 7.3) for 24h at 37°C. Spread two or three drops 
of the culture over a plate of nutrient agar (pH 7.3). 
After absorption of the inoculum, gently press on to the 
seeded surface a 6mm filter paper disc containing 
50 units of polymyxin B (Difco). Use of a 300 unit disc 
has been recommended by von Graevenitz (1983). 
Keep the plate at 4°C for 1h and then incubate it at 
37°C for 18 h. Resistant bacteria grow right up to the 
margin of the disc, whilst sensitive ones show a zone 
of inhibition 1-3 mm wide around it. 

Most vibrios, including the classical biovar of V. 
cholerae, are sensitive to polymyxin, but the Ef Tor 
biovar and V. vulnificus are resistant. 


0/129 sensitivity 


This test (Shewan et al 1954, Furniss et al 1978) 
differentiates Vibrio species and allied bacteria, Com- 
pound 0/129, 2,4-diamino-6,7-diisopropylpteridine 
phosphate, is soluble in water. A disc sensitivity test is 
done with two filter paper discs, one containing 10 ig 
and the other 150 1g of the compound. These are 
available from commercial suppliers (e.g. Oxoid, DD14 
and DD15). 

Spread a dilute inoculum of the bacterium under 
test over the surface of a plate of nutrient agar (not 
a low-salt sensitivity test agar), apply the 10 ug and 
150 1g discs at different sites and incubate at 37°C 
for 24h. Read the presence of any zone of inhibition 
as denoting sensitivity to the relevant dose of the 
compound. Most strains of V. cholerae and other 
vibrios show. sensitivity to the 10 ug as well as the 
150 1g disc. Less-sensitive vibrios are sensitive only 
to the 150 yg disc, while aeromonads and many other 
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Gram-negative bacilli are resistant to both discs. Some 
strains of V. cholerae are resistant. 


Haemagglutination test 


El Tor strains of V. cholerae agglutinate fow| and 
sheep red blood cells, while classical strains do not 
cause haemagglutination unless they have aged in the 
laboratory or been repeatedly passaged in broth. 

Prepare a 3% suspension of thrice washed red 
cells in 0.85% NaCl solution and place a drop of it in 
the depression on a white porcelain tile or on a clean 
glass slide. Rub into the drop a small portion of an 
agar slant culture of the vibrio and mix by tilting the tile 
to and fro. Haemagglutinating strains cause clumping 
of the red cells within a few seconds. 


. 
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METHODS FOR  CAMPYLOBACTERS : 


Skirrow’s campylobacter medium 


Vancomycin 10mg 
Polymyxin B 2500 IU 
Trimethoprim 5mqg 
Lysed defibrinated horse blood 50 ml 


Nutrient agar 1 litre 


Dissolve-the antibiotics in a small volume, e.g. 4 mil, 
of sterile distilled water. Vials of dried antibiotic mixture 
may be obtained commercially (e.g. Oxoid Campylo- 
bacters Selective Supplement SR69). The recom- 
mended nutrient agar is Oxoid Blood Agar Base No. 2. 
Melt it, cool it to 55°C, add sterile saponin-lysed horse 
blood, mix gently, add the antibiotic mixture, mix again 
and pour in plates. The plates should be stored away 
from direct light, which renders blood agar toxic for 
campylobacters. 


Preston campylobacter medium 


Cycloheximide (‘Actidione’) 100 mg 
Polymyxin B 5000 IU 
Rifampicin 10mg 
Trimethoprim 10mg 
Lysed defibrinated Biood 50 ml 
Nutrient agar 1 litre 


Dissolve the antibiotics in a small volume, e.g. 4 ml, 
of a mixture of equal parts of acetone and sterile 
distilled water. Vials of dried antibiotic mixture are 
available commercially (e.g. Oxoid Campylobacter 
selective Supplement SR117). It is recommended 
the nutrient agar should not contain yeast extract, in 
which there are trimethoprim inhibitors not wholly 
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neutralizable by the lysed blood; Oxoid Nutrient 
Broth No. 2 plus 1.2% New Zealand agar is suitable. 
Dissolve the agar in the broth at 100°C, sterilize by 
autoclaving at 121°C for 18min, cool to 50°C, add 
sterile saponiniysed defibrinated horse blood, mix 
gently, add the antibiotic mixture, mix again and pour 
in plates. 


Campylobacter blood-free medium 


Cefoperazone Je mg 
Nutrient agar 1 litre 


in this blood-free medium, charcoal cefoperazone 
desoxycholate agar (CCDA), blood is replaced with 
charcoal, ferrous sulphate and sodium pyruvate which 
enhance the growth and aerotolerance of campylo- 


bacters. It is modified by the use of cefoperazone™ 


instead of cephazolin (Bolton et al 1984b). 

Melt the prepared agar — Blood-free Selective Agar 
Base (Oxoid CM739) is recommended — cool it to 
55°C, add the sterile antibiotic solution (Oxoid Antibiotic 
Supplement SR125), mix well and pour plates. 


Preston campylobacter enrichment 
broth 


Dissolve the antibiotics (Oxoid Selective Supplement 
SR117) in acetone/water mixture as described for 
Preston Campylobacter Medium (above). The recom- 
mended nutrient broth is Oxoid Nutrient Broth No. 2. 
Sterilize it by autoclaving, cool it to 50°C, add sterile 
saponin-lysed defibrinated horse blood and the anti- 
biotic mixture, and distribute aseptically in 10 ml 
volumes in test tubes or 5 ml volumes in 6 ml screw- 
capped bottles. The medium may be stored for up to 
7 days at 4°C. 


Campylobacter aerotolerance growth 
suppiement 


Ferrous sulphate, FeSO,.7H,O 0.25g 
Sodium metabisulphite 0.25 g 
Sodium pyruvate 0.25g 


This supplement (George et al 1978, Hoffman et al 
1979) may be added to each 1 litre of campylobacter 
medium, e.g. Preston Campylobacter Medium or 
Preston Campylobacter Enrichment Broth, when the 
microaerophilic incubation atmosphere is procured by 
an imprecise method, as in a candle jar. Vials of dried 
mixture are available commercially (e.g. Oxoid SR84). 
It should be dissolved in a small volume, e.g. 4 ml, of 
sterile distilled water and added with sterile precautions 
to the sterilized and cooled medium. | 
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inocula for identification tests 


Skirrow & Benjamin (1980a) recommend growing the 
isolate for 24h at 37°C on a plate of Oxoid Blood 
Agar Base No. 2 plus 5% defibrinated horse blood 
and suspending some of the growth in nutrient broth 
plus the aerotolerance growth supplement to a den- 
sity matching Brown's opacity standard No. 8 (about 
5 x 10° bacilli/ml). Large loopfuls or drops of this 
suspension may be used to inoculate test media. 


Temperature requirements 


Campylobacter isolates should be tested for the ability 
to grow at 25°C, 37°C and 42°C. Preliminary tests 
may be made on blood agar plates held for 4 days 
in microaerophilic jars in incubators at the test tem- 
peratures. Definitive tests should be made on Cultures 
in deep tubes of Brewer's thioglycollate medium (Ch. 5) 
incubated for 4 days in water-baths held at the required 
temperatures with an accuracy of +0.5°C. 


Nalidixic acid sensitivity 


Perform the test on a nutrient or blood agar plate 
(e.g. Oxoid Blood Agar Base No. 2). Soak a swab in the 
dense inoculum suspension described above, press 
out excess fluid on the side of the tube and then rub 
the swab over the plate. Apply a 30 yg nalidixic acid 
test disc and incubate the plate in a microaerophitic 
atmosphere at 37°C for 42-48 h. Sensitive organisms, 
e.g. C. jejuni, show a clear zone of inhibition of growth 
a few mm wide, while resistant organisms, e.g. C. fetus, 
grow right up to the disc. 


Hippurate hydrolysis 


Grow the isolate under test on blood agar for 18h 
at 37°C in a microaerophilic atmosphere. Suspend a 
2mm loopful of the colonial growth in 2 ml distilled 
water. Add 0.5 mi of a 5% solution of sodium hippurate. 
incubate for 2 hin a water-bath at 37°C. Then add 1 ml 
of a solution of 3.5 g ninhydrin in 100 ml of a mixture 
of equal parts of acetone and butanol. Leave for 2h 
at room temperature. Then read the development of 
a purple colour as indicating that the isolate has 
hydrolysed the hippurate to form glycine. 


Hydrolysis of indoxy! acetate (HIA) 


Grow the isolate on blood, or other non-selective, 
agar for 48 h at 37°C in a microaerophilic atmosphere. 
Suspend growth from several colonies in 0.3 mi sternite 
distilled water in a tube or small bottle. Add an indoxyl 
acetate disc (see below) and incubate at room 
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temperature for 20 min. Development of a blue colour 
indicates that the campyiobacter hydrolyses indoxy! 
acetate. 

Preparation of indoxyl acetate discs. Add” 50 {il 
volumes of a 10% w/v solution of indoxyl acetate in 
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Haemophilus, Gardnerella and other bacilli 


A. J. Howard Catherine A. Ison 





Members of the genus Haemophilus ate obligatory 
parasites that colonize human and animal mucosae. 
The type species, Haemophilus influenzae, is asso- 
ciated with a range of respiratory and invasive 
infections, the latter occurring predominantly in 
childhood. Other species may be responsible for 
acute conjunctivitis (H. aegyptius — ‘Koch-Week’s 
bacillus’), venereal infection (H. ducreyi) and, rarely, 
abscesses and infective endocarditis (H. paraimfluenzae, 
H. haemolyticus, H. parahaemolyticus, H. aphrophilus, 
H. paraphrophilus and H. segnis). In addition to 
haemophili, this chapter also deals with an organism 
that was once thought to fall within this genus, 
Gardnerella vaginalis, two closely related genera, 
Actinobacillus and Etkenella, and some other Gram- 
negative bacteria of uncertain affiliation that may 
be responsible for occasional human infections. 
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These are small, non-motile, non-sporing Gram- 
negative rods that are facultative anaerobes but 
grow poorly in the absence of oxygen. The addition 
of 5—10% carbon dioxide to the incubation atmos- 
phere will enhance growth of many strains and is a 
cultural requirement for some. Sugars are fermented, 
with gas production in some species. Nitrates are 
reduced to nitrites. The G+C content of DNA of 
haemophili is 37 to 44mol%. The haemophilic 
character of the genus reflects a requirement for 
either or both of two factors (X and V) generally 
supplied by the addition of blood to a nutrient agar 
medium. X factor can comprise protoporphyrin IX, 
haemin or other iron-containing porphyrins. These 
are required because X dependent strains are unable 
to convert § aminolaevulinic acid to protoporphyrin, 
a process involving several enzyme-mediated steps, 
some or all of which may be defective (White & 
Granick 1963, Biberstein et al 1963). V factor com- 


prises nicotinamide adenine dinucleotide (NAD) or 
nicotinamide adenine dinucleotide phosphate 
(NADP). 

Cultural and biochemical characters that distin- 
guish the Haemophilus species are illustrated in Table 
25.1 H. influenzae is separated from most other 
Haemophilus species by its requirement for both 
X and V factors. The only other species requiring 
both factors are H. aegyptius and H. haemolyticus and 
both are sometimes regarded as variants of H. 
influenzae. H. aegyptius has been distinguished from 
H. influenzae by being more difficult to cultivate 
in vitro, by its sensitivity to troleandomycin and by 
its stronger haemagglutinating activity* (Mazloum 
et al 1982). However, consistent results have not 
always been obtained with these tests (Carlone et al 
1985) and it has been proposed that the name H. 
inflenzae biogroup aegyptius more accurately reflects 
the biochemical and genetic affinities of this organ- 
ism (Brenner et al 1988), H. haemolyticus is differen- 
tiated from H. influenzae by its production of 6 
haemolysis on blood agar but this is a characteristic 
that may be lost on subcultivation. The taxonomic 
status of H. aphrophilus has also been questioned 
(Kilian 1976). It is X dependent on initial isolation 
but rapidly loses this requirement on subculture. 
In addition, it has been shown to possess all the 
enzymes of the haem biosynthetic pathway (White 
& Granick 1963) and is porphyrin test positive. 


HAEMOPHILUS INFLUENZAE 
Association with disease 


This bacillus acquired its specific epithet because 
it was originally thought to be the cause of influenza, 
a condition later shown to be a viral infection. It 
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forms part of the normal commensal flora of the 
throat and nasopharynx of between 25 and 75% of 
healthy persons and acts opportunistically as a 
secondary invader in a variety of respiratory tract 
infections. These are often preceded by viral infec- 
tions. It is frequently responsible for acute otitis 
media, sinusitis and infections involving the lower 
respiratory tract in patients with pre-existing pulmo- 
nary disease, such as chronic obstructive: airways 
disease, cystic fibrosis or bronchiectasis. H. influenzae 
is the commonest bacterial pathogen associated with 
acute exacerbations of chronic obstructive airways 
disease. 

A minority of strains are capsulate. These comprise 
six types, a-f, based on the antigenic nature of their 
capsular polysaccharide. One of these, type b, is more 
virulent than other varieties of this species and 1s 
responsible for a number. of invasive infections 
(Table 25.2) which are predominantly seen in chil- 
dren. Rarely, other capsular types, especially a and f, 
may also be associated with invasive infections. Type 
b organisms are carried in the nasopharynx of 1-5% 
of healthy children. 


Epidemiology 


H. influenzae infections are more common in the 
winter months. This mirrors the circulation of respi- 
ratory viruses within a population (Henderson et al 
1982). The peak incidence of invasive type b infec- 
tions is usually seen in children aged between 6 
and 12 months, although acute epiglottitis tends to 
occur at a slightly older age (2-3 years). These infec- 
tions become uncommon in children aged 5 years 
and older and remain rare in adulthood, although 
some small increase in incidence may be seen in 
those aged 65 or more (Howard et al 1991). There 
is an inverse relationship in a population between 
the incidence of H. influenzae type b disease and 











“Table 25.2 2 “invasive infec! ia caimsed by 
“influenzae type | b- (data for” Wales 1 988-33), 





Infection Number of cases (%) ; 
Meningitis 183 (51.2%) 
Epiglottitis 60 (16.8%) 
Pneumonia 34 (9.5%) 
Bone and joint 21 (5.9%) 
Bacteraemia 20 (5.6%) 
Cellulitis 24 (6.7%) 
Miscellaneous 11 (3.1%) 
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prevalence of antibodies directed towards the type 
b capsular polysaccharide. 

There is variation in the incidence of type b inva- 
sive disease in different parts of the world and some 
populations; for example, Alaskan Eskimos have 
exhibited a very high degree of susceptibility (Makela 
et al 1992). Where disease rates are very high, type 
b infections, particularly meningitis, tend to occur 


_at an earlier age than in populations with lower 


incidence rates. In countries where H. influenzae 
type b vaccine has been introduced on a Jarge scale, 
dramatic decreases in the occurrence of these infec- 
tions have been seen (Peltola et al 1992, Shiefele 
et al 1993). 


Subtypes of H. influenzae 


H. influenzae can be divided into eight biotypes on 
the basis of three biochemical tests as shown in 
Table 25.3 (Kilian 1976, Oberhofer & Back 1979, 
Gratten 1983, Sottnek & Albritron 1984.). The tests 
should be done with micromethods that do not 
require growth of the inoculated culture (Kilian & 
Biberstein 1984). Several kit systems can be used 
including Minitek (Becton Dickinson, Back & 
Oberhofer 1978), API 10S (bioMérieux, Mehtar & 
Afshar 1983) and RapID NH (Innovative Systems, 
Doern & Chapin 1987). This biotyping system Is 
of limited use for epidemiological studies as the 
majority of clinical isolates are distributed between 
three biotypes (1, II and III). More than 90% of 
invasive type b strains are of biotype I. The majority 
of strains isolated from the healthy nasopharynx 
and from respiratory infections are non-capsulate 
and of biotypes I and III. 

More useful subtyping procedures have been 
developed using outer membrane protein (Loeb & 
Smith 1980, Barenkamp et al 1981, van Alphen 
et at 1983), lipopolysaccharide (Inzana 1983) or iso- 
enzyme (Musser et al 1985) analysis. These methods 
have demonstrated considerable heterogeneity among 
non-typable strains; however, type b strains show 
much less variation. 
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Laboratory diagnosis of H. influenzae 
infections 


Collection of specimens. _ _ 


With the exception of acute epiglottitis, there are 
few infections caused by H. influenzae that are 
associated with characteristic clinical features that 
point specifically to this organism. When invasive 
iifections such as meningitis, epiglottitis, pneumonia 
and septic arthritis are caused by H. influenzae they 
are usually accompanied by a bacteraemia and blood 
cultures should be taken. Other specimens that may 
indicate the presence of a haemophilus infection 
include CSF, throat swabs, sputum, pus, and joint, 
pleural, bronchial or pericardial aspirates. Very rarely, 
Hi, influenzae may cause urinary tract infections and 
can be isolated from urine. This is usually seen in 
children with renal tract abnormalities. 

Dry swabs should be moistened with saline 
before sampling and transported to the laboratory 
in bacteriological transport medium. All specimens 
should be kept at room temperature and processed 
without undue delay. The rate of isolation of H. 
influenzae from sputa may be halved by one day’s 
delay in delivery to the laboratory (May & Delves 
1964). Chilling also results in loss of viability. 


Direct examination 


Gram stain. H. influenzae is a small Gram-negative 
rod or coccobacillus 0.3-0.5 x 1-2 1m in size. It 
stains poorly with neutral red as a counterstain and 
better results are obtained with safranin or dilute 
carbol fuchsin. A Gram stain of CSF provides a 
rapid method of diagnosing haemophilus meningitis. 
When present in CSF, H. influenzae usually appears 
as typical coccobacilli. However, care should be 
taken in interpreting Gram stains as misleading 
appearances are sometimes encountered. Organisms 
can be very pleomorphic, exhibiting long, filamentous 
and swollen forms and occasionally they may 
resemble Gram-negative pneumococci or even 
meningococci. 

Capsule detection. When large numbers of haemo- 
philt are present in CSF, type b strains can be de- 
monstrated by a capsule swelling reaction. This is 
done by mixing a drop of CSF with a drop of H. 
influenzae type b antiserum on a microscope slide 
and examining for the presence of swollen and 
sharply delineated organisms compared with control 
preparations. Type b strains can also be identified 
by immunofluorescence using fluorescein-labelled 
Hi. influenzae type b antiserum (Groeneveld et al 
1987). 
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Antigen detection. Several methods are available 
for detecting capsular antigen in CSF ‘and other 
body fluids. These include countercurrent immuno- 
electrophoresis, latex agglutination (Wellcogen H. 
influenzae b test, Wellcome; Bactigen, Bradsave 
Biologicals) and staphylococcal coagglutination 
(Phadebact CSF test, Pharmacia). The latter 
two tests are more sensitive than counterimmuno- 
electrophoresis. Clinical samples must be heated 
prior to testing with agglutination reagents to elimi- 
nate non-specific reactions and urine concentrated 
25- to 50-fold by membrane filtration. This can be 
done with a Minicon B15 concentrator (Amicon), 


Culture 


Hl. influenzae grows aerobically and only poorly 
anaerobically. Growth is enhanced by a moist 
atmosphere supplemented with 5-10% carbon 
dioxide. Temperature range for growth is 20-42°C 
with an optimum of 35-37°C.-The organism grows 
on blood agar but not on nutrient agar, which con- 
tains insufficient amounts of X and V factors. 
The amount of growth obtained on blood agar is 
restricted by the limited availability of V factor, 
and colonies are small in size. Growth also varies 
according to the source of the blood. The yield is 
best on pigeon blood, very poor on sheep blood and 
intermediate on horse or human blood. This is 
related to variations in the quantities of NADase 
enzymes in the respective sera. 
Growth is improved by: 


1. Applying a streak of Staplylococcus aureus 
across the surface of an inoculated blood agar 
plate. Colonies of H. influenzae will be larger where 
they are within 1-3mm of the staphylococcus, 
which excretes V factor into the medium. The 
phenomenon is referred to as satellitism. 

2. Supplementation of blood agar with crystalline 
B NAD (10 mg/litre) while at 55°C just before 
pouring into plates. 

3. Preparing “chocolate agar’ by heating blood 
agar for a few minutes at 75—-100°C., This inactivates 
serum NADase and releases extra V factor into: the 
medium. 

4. The use of transparent media where red blood 
cells have been disrupted and NADase enzymes 
inactivated either by peptic digestion (Fildes agar*) 
or heat (Levinthal’s agar*). 


After 24h at 37°C on a medium with sufficient 
NAD, the colonies of non-capsulate strains are 
usually 0.5—1 mm in diameter, circular, low convex, 
smooth, pale grey and transparent. On Fildes 
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agar they are transparent and have a slightly blue 
iridescence. They have a characteristic fishy, seminal! 
smell. The colonies of capsulate strains are larger, 


e.g. 1—3 mm in diameter, high convex in shape and . 
mucoid. On transparent media they exhibit strong 
iridescence consisting of red, orange, green and . 


blue shades which alter with the angle of observation. 
This is best seen in young cultures (12—18 h) by look- 
ing obliquely at colonies on a transparent medium 
illuminated with a bright, concentrated, hght source 
from beneath. 


Isolation from clinical specimens 


The best general-purpose medium for the isolation. e 


of H. influenzae is heated-blood agar and this ¢an be 
used unsupplemented for specimens that are likely 
to contain this organism in pure culture, e.g. CSF, 
pus or normally sterile body fluids. Specimens from 
the respiratory tract will usually contain oral bacteria 
that are liable to overgrow and mask the haemophili. 
These can he suppressed by adding bacitracin 
(300 mg/litre) to the medium, although this may stil] 
allow the growth of some oral neissenae, Erkenella 
corrodens and Actinobacillus. No attempt should be 
made to obtain a throat swab from a child with 
acute epiglotutis as the interference may precipitate 
respiratory obstruction. Laboratory diagnosis in 
this case should be made by blood culture or the 
demonstration of type b antigen in the serum or 
urine, 

The differential selective medium of Roberts 
et al (1987)* contains bacitracin as a selective agent 
and sucrose and phenol red to distinguish H. 
parainfluenzae which ferments the sucrose and forms 
yellow colonies, from H. influenzae which forms 
smaller, colourless non-fermenting colonies. 

Blood cultures are satisfactorily undertaken with 
conventional media or radiometric or infrared Bactec) 
(Becton Dickinson) systems (Shanson 1990). Exam- 
ining broths for turbidity may be unreliable for the 
detection of H. influenzae and conventional media 
should be routinely subcultured if haemophilus 
infection is a possibility. Routine subculture should 
also be undertaken if the Oxoid Signal system 1s 
used as H. influenzae may not produce sufficient 
pressure to give a positive indication of growth (Fox 
et al 1988). 


Identification of H. influenzae 


Colonies may be presumptively recognized by 
their appearance, smell and Gram-stain morphology. 
Confirmation of their identity requires the demon- 
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stration of X and V requirements. This is usually 
done in a disc test;* the presence or absence of 
growth is observed around paper discs impregnated 
with X factor alone, V factor alone, or X plus V 


factor, placed on a nutrient agar deficient in both X 


and V. Unfortunately, no nutrient medium is prob- 


_ ably entirely free of X factor and the disc test may 
‘be erroneous in up to 20% of cases, usually wrongly 


ascribing H. influenzae to H. parainfluenzae. More 
accurate results are obtained with the porphyrin 
synthesis test of Kilian (1974).* 

Capsulate strains may be recognized by their 
morphology and by their iridescence on transparent 
media. Slide agglutination® is the usual method for 
capsular serotyping; however, countercurrent immuno- 
electrophoresis, immunofluorescence microscopy, 
latex agglutination or staphylococcal coagglutination 
may also be used. 

To undertake slide agglutination, prepare the cell 
suspension from a young agar culture (6—-18h) as 
the capsule tends to deteriorate in older cultures. 
Agglutinating antisera for types a to f are available 
from Difco and Wellcome. Such sera will contain 
antibodies directed towards somatic antigens which 
can result in agglutination other than that produced 
by capsular polysaccharide. To avoid misinterpreta- 
tion it is important to use only heavy cell suspensions 
and count as positive only strong reactions that 
occur within 1 min of mixing with antisera. 


interpretation of laboratory results 


Antigen detection 


The demonstration of type b capsular antigen in 
CSF, serum or urine may provide an early indication 
of haemophilus infection; however, some caution is 
necessary. False positive reactions may be obtained 
due to a cross-reacting antigen from other organisms 
(particularly Streptococcus pneumoniae), or as a result 
of recent immunization with a type b polysaccharide 
vaccine (Perkins 1993). 


Cultures 


Isolation of H. influenzae from pus or a normaily 
sterile site poses no problem of interpretation; how- 
ever, isolation from lower respiratory secretions may 
be the result of contamination with colonizing flora 
from the upper respiratory tract. Direct sampling by 
bronchoscopy and lavage will reduce this problem. 
The presence of a predominance of H. twjfluenzae on 
direct plating, or large numbers (greater than 10°/ml) 
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from cultures of dilutions of homogenized purulent 
sputum, will support a pathogenic role (Dixon & 
Miller 1965). 


Sensitivity to chemical and physical 
agents 


H. influenzae is killed by moist heat at 55°C in 
30 min. It dies within a few days in.cultures and exu- 
dates held at room temperature, and even sooner 
at 4°C in the refrigerator. It also dies quickly, i.e. in 
1-48 h, in dried secretions and airborne droplet 
nuclei, 

The species is naturally sensitive to a wide range 
of antibiotics, including ampicillin or amoxycillin, 
many of the newer cephalosporins, tetracyclines, 
sulphonamides, trimethoprim, fluoroquinolones and 
chloramphenicol. It has lesser intrinsic sensitivity 
to penicillin, erythromycin and ‘first generation’ 
cephalosporins. 

Over the last 20 years, antibiotic resistance to most 
of these agents has emerged, most importantly to 
ampicillin. This is usually due to the production 
of a TEM-1 type B-lactamase enzyme, encoded by 
the transposon TnA. The TnA sequence may be 
found within either large or small! plasmids (30 and 3 
megadaltons respectively) or in chromosomal DNA 
(De -Graaff et al 1976, Stuy 1979). Rare isolates 
producing a different f-lactamase ROB-1 have also 
been described (Rubin et al 1981). The prevalence 
of B-lactamase-producing strains of H. influenzae 
varies in different parts of the world and is commoner 
in type b organisms compared with other serotypes 
and non-typable strains. In the UK around 5—-10% 
of non-typable and 15—20% of type b strains are 
§-lactamase producers. Less commonly, ampicillin 
resistance may also be encountered in strains that do 
not produce f-lactamase. The mechanism relates to 
alteration of one or more penicillin binding proteins 
(PBPs), particularly PBP5 (Mendelman et al 1984, 
Parr & Bryan 1984, Serfass et al 1986). This form 
of resistance results in decreased susceptibility to 
a number of f-lactam antibiotics in addition to 
ampicillin. 

Conjugative plasmids are also responsible for re- 
sistance to chloramphenicol! and tetracycline. Chlor- 
amphenicol] resistance is usually mediated by the 
production of a chloramphenicol acetyltransferase 
enzyme. Most chloramphenicol-resistant strains are 
resistant to tetracycline and some may be (-lactamase 
producers. Such multiply resistant strains are gen- 
erally uncommon; however, a high incidence has 
been reported in patients with meningitis in Spain 
(Campos et al 1986). 
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Antibiotic sensitivity tests 


Haemophili fail to grow on either agar or broth- 
sensitivity test media unless appropriately supple- 
mented. Many suitable media have been described 
(Needham 1988). Satsfactory additions to sensitivity 
test media include: 


1. 5% Fildes extract (Eickhoff et al 1976); 

2. 0.25% lysed blood and 10 mg/litre BNAD. 
(Cavanagh et al 1976); and 

3. bovine haematin, yeast extract and BNAD 
(Jorgensen 1987). 


When these supplements are incorporated into 
agar they provide transparent média, facilitating 
zone measurement in disc diffusion studies. Suitable 
interpretative criteria for both disc diffusion and 
MIC break points are included in the Report of 
the Working Party on Antibiotic Sensitivity of the 
Bnush Society for Antimicrobial Chemotherapy 
(1991). Careful attention must'be paid to standardizing 
the inoculum size (Howard & Hince 1980). 

The accuracy of routine sensitivity tests with H. 
influenzae can be enhanced by incorporating a test 
for B-lactamase production. The acidometric paper 
strip method of Slack et al (1977) and the nitrocefin 
test (Kammer et al 1975) both give results within a 
few minutes. In the former test, material from several 
colonies 1s transterred to a paper strip impregnated 
with penicillin and bromocresol purple (Intralactam 
strip, Mast) and moistened with distilled water; if 
the organism produces fi-lactamase, the penicillin 
will be hydrolysed to penicilloic acid and the colour 
of the strip will change from purple to yellow. In the 
second test, several colonies are applied to blotting 
paper impregnated with a nitrocefin solution. Nitro- 
cefin is a chromogenic cephalosporin which has a 
highly reactive f-lactam ring. This is readily hydro- 
lysed by a variety of B-lactamases when it changes 
from a yellow to a red colour (O’Callaghan et al 1972). 

Rapid detection of enzyme-mediated chloram- 
phenicol resistance can also be done by a colorimetric 
technique (Azemun et al 1981), However, it is not a 
practical assay for the routine clinical laboratory. 
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‘The Koch—Weeks bacillus closely resembles biotype 
III of H. influenzae but differs from it in having a 
greater infectivity for the conjunctiva, causing an 
acute contagious conjunctivitis, and in not occurring 
as a common commensal in the nasopharynx of 
healthy subjects. It is also more nutritionally exacting 
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papules develop surrounded by a narrow erythema- 
tous zone. Within 2 or 3 days a pustule forms that 
soon ruptures resulting in a sharply circumscribed 
ulcer with ragged undermined edges and without 
induration, Chancroid ulcers are very vascular and 
have a friable base which bleeds easily on scraping. 
A painful, tender, usually unilateral inguinal lymph- 
adenopathy ensues. The lymph nodes which are 
involved may become fluctuant and spontaneously 
rupture. The organism is found in the ulcer, its 
exudate and in the associated buboes. The infec- 
tion is encountered most commonly in developing 
countries, 


Laboratory diagnosis of H. ducreyi 
infections 


Take specimens for H. ducreyi from the base and 
margins of an ulcer with a saline-moistened swab. 
Aspiration of buboes is less satisfactory, Precleaning 
of the ulcer is unnecessary. The organisms may be 
identified on Gram stain as short or slender Gram- 
negative rods or coccobacilli. They may be intra- 
cellular, or, more commonly, extracellular, and may 
present singly or in clusters. Reports assessing the 
sensitivity of diagnosis by Gram stain have varied 
widely (Morse 1989) and interpretation may be com- 
plicated by the polymicrobial flora often encountered 
in genital ulcers. 

Accurate diagnosis depends on the ability to 
culture H. ducreyi. A medium comprising coagulated 
human or rabbit blood (Deacon et al 1956) can be 
used; however, this is often unsatisfactory if many 
contaminating microorganisms are present. Media 
available for isolation of H. ducreyi are reviewed by 
Morse (1989). GC agar (Gibco) containing 1-2% 
haemoglobin, 5% fetal bovine serum, 10% CVA 
enrichment (Gibco) and 3 jig/ml] vancomycin has the 
highest sensitivity. The use of two different media 
may increase the chances of isolation (Dylewski et al 
1986). Cultures should be incubated for up to 5 
days at 35-37°C in a humid atmosphere, e.g. in a 
plastic bag or jar containing wet blotting paper with 
additional CO,. 

Colonies are pinpoint in size at 24 h and 1-2 mm 
in diameter at 48-72 h. They have a tan, yellowish 
or greyish-yellow colour and can be pushed across 
the surface of a solid medium with an inoculating 
Joop. Colonies are difficult to emulsify and suspen- 
sions difficult to obtain. Colonies may be variable in 


size and opacity, giving the appearance of a mixed 


culture. A number of rapid kit systems can be used 
to identify H. ducreyi including Minitek (Becton 
Duckinson, Oberhofer & Back 1982), API Zym (bio- 
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Mérieux, Casin et al 1982) and the RapID NH system 
(Innovative Systems, Hannah & Greenwood 1982). 


Antibiotic resistance 


Many strains exhibit resistance to one or more 
antimicrobial agents; resistance to tetracyclines, sul- 
phonamides and ampicillin is common. The latter is 
mediated via the production of a TEM-1 B-lactamase 
and can be demonstrated with chromogenic cephalo- 
sporin or an iodometric method. Erythromycin, 
ceftriaxone and co-amoxiclav are all effective in 
treatment. 
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GARDNERELLA VAGINALIS- 


Gardnerella vaginalis is a small Gram-negative or 
Gram-variable bacillus. It is present in large numbers 
in the vaginal secretions of the majority of women 
with bacterial vaginosis (formerly known as non- 
specific vaginitis). However, it also colonizes the 
vagina of approximately 40% of normal women, 
albeit in small numbers. Bacterial vaginosis is a mild 
but unpleasant condition that presents with an in- 
creased vaginal discharge which is often malodorous. 
It is the commonest cause of vaginal discharge in 
the developed world and occurs mainly in women of 
child-bearing years. It is important because it is 
associated with complications of pregnancy, pre- 
term labour and post-caesarean endometritis. 
Bacterial vaginosis is a clinical condition charac- 
terized by the following signs: 1. the presence of a 
homogeneous vaginal discharge which adheres to the 
vaginal wall in a thin film that can vary from white 
to grey in colour; 2. a fishy smell that can be detected 
by the addition of 10% sodium hydroxide to fresh 
vaginal discharge; 3. an increased vaginal pH = 5.0, 
and 4. the presence of ‘clue cells’ (see below) and/or 
a mixed bacterial flora. These signs have been 
accepted as criteria for the diagnosis of bacterial 
vaginosis. The presence of three or four is indicative 
of bacterial vaginosis; if there are less than three of 
these criteria, the findings are within normal limits. 
The normal vagina is colonized predominantly 
by lactobacilli, which are believed to afford protec- 
tion against microbial pathogens. Bacterial vaginosis 
is associated with a mixed bacterial flora consisting 
of G. vaginalis, anaerobes such as Bacteroides bivius, 
B. disiens, Porphyromonas spp, Prevotella spp, 
Mobiluncus spp and Mycoplasma hominis. Bacterial 
vaginosis occurs when the vaginal ecology is altered 
and there is a subsequent shift in the microbial flora. 
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G. vaginalis has been used widely as a marker for 
bacterial vaginosis although there is no firm evidence 
that G. vaginalis or any of the associated bacteria, 
either alone or in combination, initiate the change 
in ecology. The microbial flora associated with 
bacterial vaginosis has been extensively reviewed by 
Spiegel (1991). 


Taxonomy 


Historically, the taxonomic position of G. vaginalis 
has been uncertain and controversial. The organism 
was first described by Gardner & Dukes in 1955 
and named Haemophilus vaginalis because it was 
isolated on blood-containing media. Its inclusion in 
the genus Haemophilus was unsatisfactory because, 
unlike other species of Haemophilus, it requires 
neither X nor V factor for growth. In addition, there 
was some evidence that it possessed a Gram-positive 
cell wall structure and it showed no DNA homology 
with other members of the genus Haemophilus. 

The appearance of some strains as Gram positive 
that resembled coryneforms led to the proposition 
that it should be classified in the genus Coryne- 
bacterium. It was subsequently called C. vaginale by 
some workers. This was also unsatisfactory because 
most members of the genus Corynebacterium are 
catalase positive and G. vaginalis is catalase negative. 
The cell wall composition and DNA homology studies 
also did not support its inclusion in Corynebacterium. 

The problem was resolved in 1980 by the creation 
of a new genus Gardnerella (in honour of H. L. 
Gardner) with one species, G. vaginalis. This resulted 
from a large taxonomic study by Greenwood & 
Pickett (1980). The genus has not been assigned to 
a family because of its unusual cell wall structure. 
The main features of G. vaginalis are: 


1. Gram-negative to variable, rod-shaped bacterium. 

2. Has laminated cell walls. 

3. Non-capsulated and non-motile. 

4. Facultatively anaerobic. 

5. Catalase and oxidase are not produced. 

6. Acetic acid is its major end product of 
fermentation. 

7. Acid is produced from dextrin, fructose, galac- 
tose, glucose, mannose, ribose and starch, Variable 
results are obtained from lactose, sucrose, and xylose. 

8, Produces B-haemolysis on human and rabbit 
but not sheep blood agar. 

9, Has an optimum pH of 6.0-6.5. 

10. DNA base composition is 43 + 1 mol% G+C. 


The type strain is 594 described by Gardner & 
Dukes, NCTC 10287; ATCC 14018. The charac- 


teristics of G. vaginalis and its role in bacterial 
vaginosis have been described fully by Catlin (1992). 


isolation of G. vaginalis 


The growth requirements of G. vaginalis include five 
B-vitamins (riboflavin, thiamine, niacin, folic acid 
and biotin), various purines, pyrimidines, inorganic 
salts, trace metals, some amino acids and a fermentable 
carbohydrate. Growth of G. vaginalis is enhanced in 
an atmosphere with increased carbon dioxide and it 
grows well under anaerobic conditions. 

Culture media for G. vaginalis attempt to provide 
the necessary growth factors and to allow differentia- 
tion from closely related bacteria. The most success- 
ful media are those using blood as an enrichment 
based on the original medium described by Casman. 
The use of human blood agar gives good growth of 
G. vaginalis and a characteristic B-haemolysis. I'wo- 
layer plates give the best results, with Columbia 
agar alone as a base and a top layer of Columbia agar 
containing 5% outdated banked human blood. The 
§-haemolysis is less clear when single layer plates of 
5°% human blood agar are used. Tween 80 and 1% 
proteose peptone (Totten et al 1982) is sometimes 
added to enhance the haemolysis but this shortens 
the life of the medium as the Tween 80 causes lysis 
of the blood on storage. . 

Human blood is not always available and its use 
raises problems of safety. Rabbit blood can be used 
as an alternative. The use of sheep or horse blood, 
however, results in poor growth and a loss of the 
characteristic haemolysis. Peptone starch dextrose 
(PSD) agar was developed for clinical purposes 
together with a scheme to identify G. vaginalis. Neither 
blood or serum is needed for PSD agar but, as it 
is time-consuming to prepare and interpretation of 
colonial morphology needs experience, it is generally 
unsuitable for use in most clinical laboratories. 

Selective agents have been employed to suppress 
the growth of other organisms, particularly for the 
isolation of G. vaginalis from vaginal specimens. 
Colistin 10 mg/litre, nalidixic acid 15 mg/litre and 
amphotericin 2 mg/litre (Totten et al 1982), or, 
alternatively, gentamicin 4 mg/litre, nalidixic acid 
30 mg/litre and amphotericin 2 mg/litre (Ison et al 
1982) are combinations that have been used success- 
fully with human blood agar. 


identification 
The aim of identification tests is to distinguish G. 


vaginalis from other vaginal organisms, particularly 
the poorly classified coryneforms. ‘The presumptive 
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identification of G. vaginalis can be made by detection 
of a diffuse B-haemolysis on human blood agar, a 
negative catalase reaction, a typical Gram stain and 
colonial morphology. The use of these few tests is 
rapid, simple and readily applicable to the clinical 
laboratory and is also an excellent predictor of 
G. vaginalis. | 
Many tests have been described for the full iden- 
tification of G. vaginaks, particularly in studies that 
have aided resolution of the taxonomic status (Piot et 
al 1982). These include carbohydrate fermentation 
tests, enzyme profiles and sensitivity to antimicrobial 
agents. In an attempt to simplify identification a few 
tests have been chosen such as the combination of 
starch and raffinose fermentation with -hippurate 
hydrolysis or the use of high content metronidazole 
discs (50 pg). While these approaches will correctly 
identify G. vaginals, the tests must: be done meticu- 
lously and often give equivocal results. Identification 


’ kits are available that include G. waginalis in their 
repertoire but these suffer from the same difficulties, - 


The problems associated with the preparation and 
interpretation of definitive tests to confirm the iden- 
tity of G. vaginalis make them totally unsuitable for 
use in a clinical laboratory. G. vaginalis is associated 
with a miid condition that responds well to therapy 
e.g. with metronidazole. It therefore seems inappro- 
priate in a clinical laboratory to attempt a full identi- 
fication. The use of a presumptive identification 
(haemolysis, catalase and Gram stain appearance) is 
adequate for most purposes. 


Typing systems 


Two approaches have been used to type isolates of 


G, vaginalis for epidemiological studies. Biotyping, 
using f-galactosidase, lipase and hippurate hydrolysis 
reactions, will divide G. vaginalis into eight biotypes. 
Serotyping using the pattern of reactivity with poly- 
clonal and monoclonal antibodies has also been 
described. These techniques have only limited appli- 
cations and are of most interest for laboratories 
studying the epide:niology of bacterial vaginosis. 


Laboratory diagnosis of bacterial 
vaginosis 


The diagnosis of bacterial vaginosis is best made on 
the clinical criteria described above. Genitourinary 
Medicine clinics should have the facilities and exper- 
tise to make the diagnosis. General practitioners 
and most gynaecologists may be unable to make the 
diagnosis in this manner and then the help of the 
laboratory is useful. 
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It is imperative that the laboratory does not 
attempt culture for G. vaginalis as an indicator of 
bacterial vaginosis. G. vaginalis will be isolated from 
women with bacterial vaginosis but it will also be 
isolated from women with other vaginal infections 
such as Trichomonas vaginalis and from normal women. 
Quantitative techniques could be used to detect 
differences in the numbers of G. vaginalis isolated 
from women with and without bacterial vaginosis. 
However, the techniques are time-consuming and 
dependent on a good specimen and clinical infor- 
mation and are not recommended for routine use 
(Easmon et al 1992), 

Laboratory confirmation of bacterial vaginosis is 
best obtained using the Gram stain to detect the 
change in vaginal ecology. A smear of vaginal fluid 
can be prepared on a glass slide directly from the 
patient or a vaginal swab taken and sent to the labora- 
tory with a request for a Gram stain. Smears taken 
from the normal vagina show large. Gram-positive 
bacilli (lactobacilli) whereas those taken from women 
with bacterial vaginosis show an absence of lacto- 
bacilli and a replacement with a mixed flora. The 
‘clue cells’, squamous epithelial cells covered with 
small Gram-variable bacilli (Fig, 25.la) described 
by Gardner & Dukes (1955) may be present but they 
are not necessary to make the diagnosis. 

Determination of a ‘normal’ or ‘abnormal’ appear- 
ance of vaginal flora by Gram stain is usefu] but 
it is also subjective. To overcome these problems, 
scoring systems have been devised. The simplest 


of these (Nugent et al 1991) uses a scoring system 


of 0 to 10 and allows-for intermediates between 
‘normal and abnormal’. Three bacterial morpho- 
types are recognized: (1) Lactobacillus morphotype 
(Fig. 25.1b, large Gram-positive rods); (2) G. vaginalis 
and Bacteroides spp morphotype (Fig. 25.1c, small 
Gram-negative to variable rods); and (3) Mobiluncus 
spp morphotype (Fig. 25.1d, curved Gram-variable 
rods). The amount of each morphotype detected 
on the smear is graded and then allocated a score 
as below: 


Lactobacillus; 4+ =0,3+=1, 2+=2, 1+=3,0=4 
Gardnerella and 

Bacteroides: 0 =0, 1+ =1, 2+=2, 34+=3,44+=4 
Mobiluncus: 0 = 0, 1+ or 2+ = 1, 3+ or 44+ =2 


The individual scores are then summed. The crite- 
rion for bacterial vaginosis is a total score of 7 or 
higher; a score of 4 to 6 is considered intermediate 
and a score of 0 to 3 is considered normal. This 
method has been shown to correlate well with diag- 
nosis by the clinical criteria and can be reproduced 
reliably by different workers and centres. 
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(c) 


(d) 


Fig. 25.1 Gram-stain of vaginal secretions showing (a) ‘Clue’ cell covered in Gram-variable bacilli; (b) Lactobacillus morphotype; 
(c) Gardnerella and Bacteroides morphotype and (d) Mobiluncus morphotype. Photographs taken in collaboration with Dr P. E. Hay, 
Department of Genitourinary Medicine, St George’s Hospital Medical School, London, 


ACTINOBACILLUS _ 
ACTINOMYCETEMCOMITANS 


This small non-motile Gram-negative bacillus 
(0.3—0.5 x 0,5—1.5 Lim) js found as part of the normal 
oral flora in man. Apart from its lack of X and V 
requirements, it more closely resembles Haemophilus 


‘(see Table 25.4) than other members of the Actino- 


bacillus genus and it has been suggested that it should 
be reassigned to the former genus (Potts et al 1985), 
It is associated with periodontal infections, is pres- 
ent in about 30% of cases of actinomycosis as a con- 
comitant of a primary pathogen such as Actinomyces 
israelit (Ch. 19) and is an occasional cause of infective 
endocarditis. It has also been associated with rare 
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cases of meningitis, pneumonia, empyema, deep 
abscesses, urinary tract infections and pericarditis. 

It is a small Gram-negative coccoid to cocco- 
bacillary, non-motile organism that grows on plain 
nutrient agar, best under microaerophilic conditions 
with added CO,. It forms small, firm, adherent 
star-shaped colonies on blood or chocolate agar 
after 2448 h incubation. Growth in broth is slow 
and incubation for at Jeast 48 h or even up to 25 days 
is needed. 

Erythromycin, aminoglycosides, cephalosporins, 

ciprofloxacin and chlorainphenicol generally exhibit 
good activity. Despite the common occurrence of 
ampicillin resistance in this species, endocarditis has 
often been successfully treated with a combination 
of ampicillin and gentamicin. 
— Other Actinobacillus species, A. lignieresu, A. suis 
and an A. eguuli-like bacterium have been described 
causing infections associated with bite wounds from 
farm animals (Peel et al 1991). 


EIKENELLA CORRODENS 


This small Gram-negative bacillus (0.3—-0.4 x 1.5- 
4 um) shows the unusual character of ‘jerking’ or 
‘twitching’ motiliry dependent on its possession of 
contractile, fimbria-like filamentous appendages. It 
lacks flagella and the capacity for swimming-type 
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motility. It is a commensal in the human mouth 
and intestine, but occasionally causes opportunistic 
infections such as endocarditis and mixed infections 
with other facultative or anaerobic bacteria, e.g. in 
periodontal diseases and infections related to the 
mouth. It has also been found in wound infection, 
brain or liver abscess, meningitis and osteomyelitis, 
in some cases as sole pathogen. 


Culture and identification 


It is facultatively anaerobic, but requires haemin 
for aerobic growth. Specimens should be cultured 
for up to 5 days at 35-37°C on blood agar plates 
incubated, in parallel, in highly humid aerobic and 
anaerobic atmospheres with 10% added CQO, e.g. 
in plastic bags or jars containing wet blotting paper. 
The colonies may be 0.5—-1 mm in diameter after 
48 h, when they are seen at the bottom of small pits 
in the medium, and later may develop a spreading 
edge. The ‘corroding’ appearance is due to the 
twitching motility of the bacilli which causes them 
to disturb and embed themselves in the surface of the 
agar. Non-fimbriate, and thus non-twitching variant 
strains form non-corroding, non-spreading colonies. 

For isolation from mixed infections, Slee & ‘Tanzer 
(1976) have described a selective medium containing 
clindamycin 0.5 mg/litre, KNO, 2 g/litre and haemin 
5 mg/litre in a nutrient agar made from Todd—Hewitt 
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broth. The organism is catalase negatiye and oxidase 
positive, and does not produce acid from glucose 
or indole from peptone (Table 25.4). It is usually 
sensitive to ampicillin, benzylpenicillin, cefoxitin, 
chloramphenicol] and tetracycline, and always resistant 
to clindamycin and metronidazole. 
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MONILIFORMIS 


STREPTOBACILLUS 
This organism is a normal inhabitant of the 
nasopharynx of wild and laboratory rats, in which it 
sometimes causes respiratory, ear or conjunctival in- 
fection. It also causes a disease in mice characterized 
by multiple arthritis and swellings of the feet and legs. 
In man, it is the cause of one type of rat-bite fever, 
which may be accompanied by a rash, arthritis, endo- 
carditis, pneumonia or brain abscess. The human 
infection appears sometimes to be contracted by the 
ingestion of food or milk contaminated by rats. 
Another type of rat-bite fever is caused by Spirilium 
minus (Ch. 34) and may be clinically indistinguish- 
able from that caused by the streprobacillus. 


Morphology and staining 


S. moniliformis is a highly pleomorphic, non-motile 
Gram-negative bacillus. It may appear as short 
rods, 0.3—0.4 x 1-3 mm, or as elongated filaments 
which sometimes bear axial fusiform swellings or 
lateral spherical protrusions. 


Cultural characters 


It is a nutritionally exacting facultative anaerobe 
which requires a culture medium with a high propor- 
tion of blood or serum. It grows well on moist slopes 
of Loeffler’s serum, on moist plates of nutrient agar 
containing 20% horse serum, and in 20% serum 
broth. Plates should be incubated in a humid aerobic 
atmosphere for 3 days, when the colonies will be 
raised, smooth, grey, granular and 1—3 mm in dia- 
meter. Viability is poor and the cultures die off in 
2—4 days. 


L-form variants - 


Variants defective in cell-wall formation are very 
liable to appear in artificial culture. ‘They are seen 
alongside the larger streptobacillus colonies as minute 
(0.1-0.3 mm) colonies with a ‘fried egg’ appearance 
representing a denser central portion penetrating 
the agar surrounded by a thin skirt of bacilli spilling 





out on to its surface. They consist mainly of small 
coccoid bodies and can be transferred to slides for 
staining by excising a square of the agar and fixing 
it while pressed colony-side downwards on a slide. 
The variant can be subcultured by rubbing an agar 
block with colonies on a fresh plate and then leaving 
it, colony-side down, during incubation. It breeds 
true in the L-form. 


Laboratory diagnosis of S. moniliformis 
infections 


In human infections the streptobacillus can some- 
times be isolated from the blood or joint fluid. Collect 
about 10 ml of the patient’s blood or joint fluid 
into a tube containing 20 mg sodium citrate as anti- 
coagulant and centrifuge it to deposit the bacilli and 
cells. Inoculate the deposit into 20% serum broth 
and onto plates of 20% serum nutrient agar and incu- 
bate at 37°C in a humid aerobic atmosphere for 
3 days. Colonies like ‘fluff balls’ may be seen on the 
surface of the sedimented blood cells in the serum 
broth and both streptobacillary and L-form colonies 
on the plates. The organism is catalase negative and 
oxidase negative (Table 25.4), When inoculated into 
mice it causes a rapidly fatal generalized infection 
or a slowly progressive disease with swelling of the 
feet and joints. It is highly sensitive to penicillin and 
streptomycin, which may be used successfully for 
treatment. The L-form variant is resistant to peni- 
cillin, but probably incapable of survival and growth 
in the body. ; 


CALYMMATOBACTERIUM 
GRANULOMATIS 


This organism, found only in man, is the cause of 
a chronic granulomatous disease called granuloma 
venereum, granuloma inguinale or donovanosis, and 
found mainly in warm, humid, tropical and subtropi- 
cal countries. The initial lesion is commonly on the 
genitals, indicating transmission by sexual contact, 
but is sometimes elsewhere on the skin and then 
probably the result of intimate non-sexual contact. 
There is often an associated bubo. For a review see 
Richens (1991). 


Morphology and staining 


C. granulomatis is a small, plump capsulate Gram- 
negative bacillus, 0.5-1.5 x 1-2 pm often showing 
polar staining. In smears from lesions it is seen mainly 
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within the cytoplasm of large mononuclear phago- 
cytes and, when stained with Leishman or Giemsa 
stain, shows a pinkish capsule. 


Cultural characters 


It is difficult to grow and has been most readily 
cultured in the yolk sac of a developing chick embryo. 
Liquid artificial media have been used successfully 
to maintain the organism following primary isolation 
(Dienst et al 1948, Dulaney et al 1948). 


Laboratory diagnosis of C. granulomatis 
infections 


This requires the demonstration of intracellular 
Donovan bodies in smears or biopsies from lesions. 


1. Select an active area of ulceration and cleanse 
with saline. 

2. Detach a small piece of tissue with forceps, 
curette, scalpel] blade or punch biopsy. Local anaes- 
thetic may be necessary. Alternatively, scrape the 
lesion with a scalpel or roll a cotton swab over the 
surface, 

3. Prepare smears, air dry and heat fix. 

4. Stain with Giemsa, Leishman or Wright’s stain 
and examine. Semi-thin sections are recommended 
for difficult cases. 


Attempts to isolate the organism are not recom- 
mended until better methods are available. A sero- 
logical test has been developed that may prove 
valuable for diagnosis and as an epidemiological 
tool] in studies of the disease (Freinkel et al 1992). 


Treatment 


Donovanosis responds best to lipid-soluble antibiotics 
and chloramphenicol, thiamphenicol, erythromycin, 
lincomycin, fluoroquinolones and tetracyclines are 
all effective. Variable results have been obtained with 
ampicillin (Richens 1991), 


CARDIOBACTERIUM HOMINIS 


This organism is a small non-motile pleomorphic 
Gram-negative bacillus. It is a common commensal 
in the nose and throat of man and a rare cause of 
endocarditis, diagnosed by its isolation in blood 
culture. It is a facultative anaerobe, but growth on 
nutrient, yeast extract or blood agar is poor unless 
plates are incubated in a humid aerobic or anaerobic 
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atmosphere with 3-5% CO,. Colonies on blood agar 


after 48 h are smooth, circular and opaque, 1-2 mm 
in diameter. C. hominis is sensitive to penicillin, 
chloramphenicol, gentamicin and tetracycline. Its 
distinguishing characters are shown in Table 25.4. 
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CHROMOBACTERIUM ' VIOLACEUM. 


This organism is a robust, easily grown saprophyte 
found in soil and water in the tropics and subtropics. 
It is usually considered nonpathogenic but a septi- 
caemic infection associated with a high mortality 
can occur especially in patients who are immuno- 
suppressed, C. violaceum usually gains entry into the 
body via contaminated wounds or inhalation of con- 


taminated water. It is a large motile Gram-negative 


bacillus, 0.6-0.9 x 1.5-4 um having a single polar 
flagellum and usually also one or two lateral flagella, 
and sometimes showing barred or bipolar staining. 

It is a facultative anaerobe and grows readily 
on simple nutrient media at 35-37°C including 
MacConkey agar. It is recognized by its production 
of violet-coloured colonies among other characters 
(Table 25.4). The organism is sensitive to amino- 
glycosides, chloramphenicol] and tetracycline and 
resistant to ampicillin, penicillin and first generation 
cephalosporins. aera to newer cephalosporins 
is variable. 


METHODS 
Fildes (1920) blood-digest agar and 
broth 


Fildes peptic digest of blood is added to nutrient agar 
or broth in the proportion of 5%. 


1. Fildes peptic digest of blood is prepared as 
follows: 


Sodium chloride, NaCl, 0.85% 


aqueous solution 150 ml 
Hydrochloric acid, HCI, pure, 35-40% 

aqueous solution 6 ml 
Defibrinated sheep blood 50 ml 
Pepsin (BP, granulated) | 1g 
Sodium hydroxide, NaOH, 20% | 

aqueous 12 ml 
Chloroform, CHCl, f 0.5 ml 


In a stoppered bottle mix the saline, HCI, blood and 
pepsin. Heat at 55°C overnight. Then add NaOH until 
a sample of the mixture diluted with water gives a 
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deep violet-red colour with cresol red indicator (i.e. at 
pH about 9). Add further pure HCI drop by drop until a 
sample of the mixture shows almost no red colour with 
cresol red, but a definite red tint with phenol red indica- 
tor (i.e. at pH 7.2-7.3). Add the chloroform and shake 
vigorously. The digest will keep at room temperature 
for several months. Fildes peptic digest of blood is also 
available commercially. : 

2. Prepare the blood-digest agar as follows. Heat 
sufficient of the digest at 55°C for 30 min to remove the 
chloroform. Melt some nutrient agar and cool it to 
50-55°C, then add the digest to it in the proportion of 
5 ml digest to 100 m! nutrient agar, mix well and pour 
in plates. 

The resulting medium, Fildes agar, is a clear yellow 
medium containing abundant haemin (X factor), NAD 
(V factor) and other nutrients liberated from the red 
blood cells. It supports good growth of H. influenzae 
and some other exacting pathogens such as Clostridium 
tetani, while its high content of haemin makes it inhi- 
bitory to many bacteria such as throat commensal 
streptococci. For Fildes blood digest broth, substitute 
nutrient broth for nutrient agar in the above recipe. 


Levinthai agar 


The modified preparation recommended by Alexander 
(1965) is as follows: 


Levinthal stock 


1. Prepare brain heart infusion broth (Difco) 
according to the maker's instructions. 

2. Heat the broth to vigorous boiling and, while 
boiling, add sterile defibrinated horse blood to a 
concentration of 10%. 

3. Filter the mixture through Whatman filter paper 
No. 12 and sterilize the clear flitrate by Seitz filtration. 


Levinthal agar 


1. Prepare a nutrient agar from 45 g Proteose agar 
No. 3 (Difco) and 15g Bacto agar per litre of water. 
Autociave. 

2. Add one volume of sterile Levinthal stock to 
one volume of the melted, cooling agar. Mix thoroughly 
and pour in plates. 


Haemophilus differential selective 
medium 


This plating medium of Roberts et al (1987) contains 
bacitracin to make it selective for haemophilus, and 
sucrose and phenol red to cistinguish H. parainfluenzae, 


which ferments the sucrose and forms large yellow 
colonies, from H. influenzae, which does not ferment 
sucrose and so forms small colourless colonies. lt 
also contains haemin (X factor), and after the plate has 
been seeded, a V factor disc is placed on it so that 
the haemophilus colonies may be identified by their 
satellite growth around the disc. - 


Blood agar base (Oxoid No. 2) 409g 
Sucrose 10g 
Phenol red ~ 25 mg 
‘hear | 1 litre 


Autoclave at 121°C and, in sterile solutions, add: 


Haemin 3mg 
Bacitracin 100 mg 


Pour in plates, inoculate the clinical specimen, apply 
a V factor disc and incubate aerobically. 


Note. Depending on the preparation and method of 
sterilization, a larger quantity of haemin, up to 20 mg, 
may be required. If incubation is done in an atmosphere 
with added CO,, the acidic gas may cause a yellow 
colour change independently of fermentation of the 
sucrose, which persists until the gas disperses in 
normal air. 


Disc test of X and V requirements 


Make a light suspension of the test organism by 
touching six colonies with a straight wire and emul- 
sifying in 2.5 ml peptone water. Soak a swab in this 
and spread across the surface of a Columbia agar 
plate. Carefully position X, V and XV discs on the agar 
surface. Incubate in 5% CO, at 37°C overnight. Exam- 
ine plates in a good light source for growth around 
the discs. 


Porphyrin synthesis test 


This test (Kilian 1974) demonstrates the ability of a 
bacterium supplied with 6-aminolaevulinic acid to 
synthesize and excrete porphobilinogen and other 
porphyrins, indicating the absence of a requirement 
for X factor. 
Substrate. Prepare a solution of 6-aminolaevulinic 
acid HC! (Sigma) 2 mmol/litre, MgSO, .0.8 mmol/litre, 
sodium phosphate buffer pH 6.9, 0.1 mol/litre. 
Method. 


1. Distribute 0.5 ml volumes of the substrate in small 
glass tubes. 

2. Add a large loopful of bacteria from the colonies 
on a plate culture to a tube of substrate. Incubate for 
4h at 37°C. - 
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3. Observe the tube under a Wood's lamp (i.e. in 
ultraviolet radiation at 360nm wavelength) in a dark 
room. A red fluorescence from either the bacterial 
deposit or the supernatant fluid in the tube indicates 
porphyrin synthesis and thus the absence of a require- 
ment for X factor. Absence of fluorescence indicates 
that the bacterium requires X factor for growth. The 
test can also be read in the following way: 

a. Add 0.5m! of Kovacs reagent to the bacterial 

suspension after incubation. | 
~_b, Shake vigorously and allow the phases to 
separate. 

c. A red colour in the lower water phase indicates 
porphyrin synthesis and the absence of a requirement 
for X factor. 


Note: Kovacs reagent will also give a red colour 
reaction with indole; however, this will be seen in the 
upper alcohol phase. Inoculating in parallel tubes 
without 6-aminolaevulinic acid will contro! for this. 

4, Control the procedure by doing parallel tests 
on an X-requiring, e.g. H. influenzae, and a non-X- 
requiring haemophilus, e.g. H. parainfluenzae. 


Serotyping Haemophilus influenzae by 
slide agglutination 


1. Use a fresh young (6-18 h) culture on heated- 
blood (chocolate) agar. 

2. Using a clean, non-greasy glass slide make a 
heavy suspension of the organism in two pools of 
saline. 

3. Check in good light that the suspension is 
smooth and does not autoagglutinate. 

4. With a small wire loop, mix the antiserum into 
one pool of suspension. One pool per slide must be 
used as a negative control, i.e. no antiserum added. 
Capsular agglutination is recognized by its rapid 
occurrence and will be complete within 60s. It can 
be readily seen with a good light source; a hand lens 
is not required. 
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Haemagglutination tests 


Most strains of H. aegyptius and many of H. influenzae 
agglutinate red blood cells, but-strains differ in the 
species of cells with which they will react and cultures 
should therefore be tested in parallel with the red 
cells of man (group O), guinea-pig, fowl, pig and sheep 
(Scott & Old 1981). Tests should be done at 4°C as 
the reactions commonly disappear (‘elute’) on warming 
to 20°C, though strong reactions with human cells, 
as given by most strains of H. aegyptius, do not elute 
til warmed to about 45°C and can therefore be 
detected in tests done at room temperature, as in 
the tube tests of Davis et aj (1950). The reactions are 
mannose-resistant. 


1. Centrifuge red cells from the blood, wash thrice 
in saline (0.85% NaCl) and resuspend to 3% (v/v) in 
saline. 

2. Grow the culture under test for 24h at 37°C on 
heated-blood (chocolate) agar buffered at pH 7.0 with 
3.6g KH,PO, and 6.4g KsHPO,/litre. Harvest the 
culture in saline to a high density, about 10"' bacteria/ml. 
It is essential to test the bacteria in high concentration. 

3. Mix a large drop of the dense bacterial suspen- 
sion with a large drop of the 3% suspension of erythro- 
cytes in a depression on a white tile chilled to about 
4°C. Rock the tile to and fro for 13 min while keeping 
it at 4°C. Then look for the presence of fine or coarse 
clumping of the red cells. 

4. Test each strain in parallel with each species 
of erythrocyte and observe also a contro! mixture of 
the erythrocytes in saline to exclude the possibility of 
autoagglutination. 


Fermentation tests on haemophili 


Kilian & Biberstein (1984) recommend culture in phenol 
red broth (Difco) containing 1% of the test carbohydrate 
and enriched with crystalline nicotinamide adenine 
dinucleotide 10 mg/litre and crystalline haemin 10 mg/ 
litre added from filter-sterilized solutions (Kilian 1976). 
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Bordetella 


D. Parratt 





The genus Bordetella comprises three recognized 


species of Gram-negative bacilli. B. pertussis is a 


human pathogen incriminated in the majority of 
cases of whooping cough, a common childhood 
infection. B. parapertussis is also occasionally found 
in whooping cough. It has been suggested that there 
may be conversion of B. pertussts to B. parapertussis 
(Kumazawa & Yoshikawa 1978), although recent 
evidence suggests that the organisms are immuno- 
logically distinct species (Khelef et al 1993). B. 
bronchiseptica is an animal pathogen hitherto thought 
to be of little significance in man, but it is being 
increasingly recognized as a possible cause of pneu- 
monia in immunosuppressed patients (see below). 

Culture of B. pertussis requires special media. The 
traditional medium, Bordet-Gengou, should now 
be replaced by charcoal-containing blood agar which 
gives better growth. In diagnostic work, any colony. 
with a typical appearance on appropriate media 
should be presumptively regarded as Bordetella, 
but microscopy to establish that the organism is a 
Gram-negative bacillus, and serological identifica- 
tion to confirm the species, are essential. The growth 
requirements and some differentiating characteristics 
are shown in Table 26.1. 


BORDETELLA PERTUSSIS 
Morphology and staining 


Small ovoid Gram-negative cocco-bacilli with slight 
pleomorphism; non-motile and non-sporing. Cap- 
sules may be demonstrable in young, freshly isolated 
cultures. 


Cultural characters 


Aerobic, with an optimum growth temperature of 
35°C. Primary isolation of B. pertussis on charcoal 
blood agar is slow and incubation should be con- 












Growth on 
blood agar — 
Oxidase 
Motility 
Urease - 
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tinued for at least 5 days. Plates or slopes should be 
incubated at 35°C with enhanced humidity. Usually 
a growth will be recognizable after 72 h as greyish- 
white colonies with a shiny surface and high convex 
shape, the typical ‘bisected pearl’ or ‘mercury drop’ 
appearance. 

Subsequent cultures may be obtained on less 
exacting media, e.g. nutrient agar to which charcoal 
or starch has been added, and an incubation 
temperature of 37°C is satisfactory. For long-term 
maintenance it is recommended that charcoal blood 
agar slopes be used if freeze-drying 1s unavailable. 


Biochemical characters 


Biochemical testing has limited value for the dif- 
ferentiation of B. pertussis and B. parapertussis, 
which can be distinguished by the characteristics 
shown in Table 46.1 and by serological means. B. 
bronchiseptica can be identified by API 20NE testing 
(bioMeérieux). 


Sensitivity to physical and chemical agents 


B. pertussis is a fragile organism, dying within a few 
days on culture or on drying. It is killed by heat 
at 55°C for 30 min and is adequately contained by 
standard disinfection procedures. The organism is 
usually sensitive to ampicillin and erythromycin and 
these drugs have a reasonable therapeutic record 
in whooping cough. Disc diffusion tests should be 
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done by a Stokes procedure with a control organism 
of known sensitivity (see Ch. 8). 


Serological characters 


B. pertussis has three major antigens, designated 1, 2 
and 3, which can be detected by slide agglutination 
tests. In recent years the commonest serotype in 
Britain has been type 1,3 in well immunized and type 
1,2 in poorly immunized communities (Preston 
1985). However, it is now clear that thorough epide- 
miological investigation requires more sophisticated 
procedures such as restriction fragment analysis of 
DNA (Khattak et al 1992). Using this technique it 
has become clear that multiple strains of B. pertussis 
circulate in the population at one time and that 
considerable variation in type of the organism exists 
in different geographical areas. 


Animal pathogenicity 


Intranasal inhalation of B. pertussis by mice results in 
a severe interstitial pneumonia. Mice are also highly 
susceptible to small intracerebral inoculations with 
virulent strains and this procedure has been used as 
a test to monitor the effectiveness of B. pertussis 
vaccines (but see Preston 1966). 

B. pertussis produces a number of so-called viru- 
lence factors such as pertussis toxin, filamentous 
haemagglutinin, adenylate cyclase-haemolysin, fimbrial 
adhesin, pertactin, dermatonecrotic toxin and tra- 
cheal cytotoxin, Any or all of these substances may 
be important in the pathogenesis of infections caused 
by B. pertussis. For diagnosis, however, they should 
at present be ignored because they offer no simple 
route towards identification of the organisms. It 
is noteworthy that immunization with virulence 
factors from B. pertussis does not protect against 
B. parapertussis and vice-versa (Khelef et al 1993). 
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BORDETELLA PARAPERTUSSIS 


This organism is occasionally found in patients 
with whooping cough. It can be differentiated from 
&. pertussis by a few simple characters (see Table 
26.1). B. pertussis is weakly oxidase positive, grows 
slowly on bordetella media and does not grow on 
nutrient agar, B. parapertussis, in contrast, is oxidase 
negative, grows rapidly on bordetella media and will 
grow on and produce brown discolouration of nutrient 
agar. Antiserum can be obtained commercially which 
is specific for B. parapertussis and can be used in 
agglutination tests as described below for B. pertussis. 
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BORDETELLA BRONCHISEPTICA _ 





This organism is related antigenically and in toxin 
production to B. pertussis. It is motile, with peritrichous 
flagella, and grows on ordinary media without the 
addition of blood. It causes secondary respiratory 
infections in canine distemper and in rodents and 
may be a cause of snuffles in rabbits. Recent reports 
suggest that this organism may be an important cause 
of pneumonia in immunocompromised patients, e.g. 
AIDS, leukaemia and transplant patients (Decker 
et al 1991, Bauwens et al 1992, Ng et al 1992). Ng, 
however, in a neat résumé of the evidence to date, 
points out that the role of this organism as a cause of 
pneumonia is not yet proven. Where B. bronchiseptica 
has been isolated, the specimen has usually been a 
sample of broncho-alveolar lavage fluid and in most 
patients other pathogens, notably Pneumocysus carinii 
have also been identified. The correct choice of 
antibiotic for B. bronchiseprica infection is also in 
dispute. Erythromycin is probably ineffective and 
ceftazidime and ciprofloxacin have been suggested 
as alternatives although comparative trial data are 
unavailable. 

It is probably worth examining specimens, particu- 
larly those obtained by bronchoscopy, from selected 
immunodeficient patients for B. bronchiseptica. The 
organism is not exacting in its growth requirements 
and can be differentiated from other bordetellas by 
the characteristics in Table 26.1. Motility is best 
tested in semi-solid agar at 30°C. A biochemical 
profile using API 20NE is also possible (bioMérieux). 

For a complete review of infections caused by B. 
bronchiseptica see Woolfrey & Moody (1991). 
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LABORATORY [ DIAGNOSIS OF 
WHOOPING COUGH 





Three methods are available: (1) isolation of B. pertussis 
by culture from a pernasal swab; (2) identification 
of the organism in a smear from a pernasal swab by 
immunofluorescence microscopy; and (3) serological 
demonstration of specific antibodies in the patient’s 
serum. As any one or two of these methods may 


give negative results while another is positive, two or 


preferably all three methods should be employed in 
parallel. 


Collection of specimens 


‘The pernasal swab has generally replaced the cough 
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plates or postnasal swabs that were used in the past. 
A sterile swab on a flexible wire is passed gently 
along the floor of the nose until it meets resistance; 
the swab, which will collect muco-pus, is withdrawn 
and either plated immediately on charcoal blood 
agar, or placed in transport medium. A comparison 
of different types of swabs has shown that retrieval 
of organisms in culture is better with swabs that have 
alginate tips than with swabs that have dacron tips 
and that the latter are better than cotton (Hoppe & 
Weib 1987). If delay in transport is more than 4h, 
Amies (1967) transport medium should be used 
(Hunter 1986). The transport media will support 
the viability of the organism for only a few hours, 
and the aim should be to inoculate an appropriate 
medium as soon as possible. An alternative to the 
use of pernasal swabs is to use suction catheters (i.e. 
Auger catheters) to obtain the postnasal secretions 
(Regan 1980). Recent studies have shown improved 
isolation from suction material and patients seem to 


prefer suction to pernasal swabbing (Hallander et al — 


1993). 

Single swabs taken from infected patients may 
not always yield bordetellas and it is recommended 
that up to six swabs taken at intervals of 1—2 days 
be examined before B. pertussis is considered to be 
absent. Because of the difficulties of isolation even 
from typical cases of the infection where the appro- 
priate methods of investigation are undertaken, the 
use of immunofluorescence is recommended for 
direct identification of the organism in secretions in 
addition to cultural techniques. Where isolation 1s 
repeatedly negative, particularly in adults, serological 
examination may be appropriate. 


Culture of B. pertussis 


The preferred medium is charcoal blood agar* to 
which cephalexin has been added; the antibiotic in- 
hibits other organisms commonly found in specimens 
and only minimally restricts the growth of Bordetella 
species (Ruijs et al 1991). This medium is superior 
to Bordet-Gengou medium in that it supports a 
heavier growth of the organism on primary isolation, 
and the colonies are larger. Recent work suggests 
that this medium may be stored at 4°C in airtight, 
sealed plastic bags for up to 14 weeks without signi- 
ficant deterioration in the efficiency of culture (Ruijs 
et al 1991). 

Because incubation must be continued for at least 
5 days it is necessary to use double-thickness plates 
and to maintain adequate humidity. If a humidified 





* Refer to Methods at the end of this chapter. 


incubator is not available, a bowl of water should 
be placed on the floor of the incubator to provide 
humidity by evaporation. Alternatively, plates can 
be sealed in plastic bags containing dampened paper 
towels and incubated in the normal way. If drying of 
the plates occurs, B. pertussis will not grow. 

Typical ‘bisected pearl’ colonies appearing after 
3-5 days incubation at 37°C must be investigated 
further, In practice, any colony growing on charcoal 
blood medium should be investigated as the colonial 
morphology is insufficient for diagnosis. Suspect 
colonies should first be shown to be Gram-negative 
bacilli and thereafter serologically identified by slide 
agglutination with specific antisera. A positive agglu- 
tination test (see below), together with the correct 
growth characteristics and colony appearances, is 
sufficient for diagnosis of B. pertussis infection (Preston 
1970). Alternatively, other immunological tests can 
be used to identify the colonies (see below). 


Slide agglutination test 


Antisera can be obtained commercially from various 
sources (e.g. Wellcome, Difco) but it is important 
to make sure that B. pertussis sera have been absorbed 
to remove cross-reacting antibody to B. parapertussis. 
For identification of B. pertussis it is essential to use 
a polyvalent agglutinating antiserum that will react 
with ali three major antigens. 

The normal method of slide coadhertituatiecet vith a 
colony of bacteria emulsified in a drop of saline on 


a microscope slide, should not be used because the 


organism harvested from solid medium does not 
emulsify satisfactorily. The preferred method is to 
disperse several single colonies in a small volume 
of saline (0.25 ml) by mechanical agitation with a 
Pasteur pipette or a syringe fitted with a small (21) 
gauge needle, When a smooth suspension has been 
obtained in this way, and no clumps are observed, 
the suspension is transferred as drops to microscope 
slides. Thereafter, a drop or loopful of antiserum Is 
added to the suspension and the slide is gently rocked 
for approximately 1 min before the result is observed 
(see Preston 1970 for details). 

An alternative method of identifying growth of 
B. pertussis and B. parapertussis from plates is by 
immunofluorescence using antisera specific for each 
of these species (available from Difco). This 1s par- 
ticularly useful when growth on the plates is light 
and may allow more rapid confirmation of infection. 
Recently the use of immunological identification of 
bordetellas has been taken a step further with the 
development of rapid immunoblot techniques using 
monoclonal antibodies (Sanden et al 1993), It is not 
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clear at present whether the necessary monoclonals 
are freely available. 

The serotyping of B. pertussis and B. parapertussis 
is difficult and there are many traps for the unwary. 
Where typing is thought necessary for epidemiologi- 
cal reasons, cultures of isolated organisms should be 
sent to a reference laboratory; in the UK the recom- 
mended laboratory is the Department of Bacterio- 
logy, University of Manchester Medical School, 
Manchester, M13 9PT. Cultures are preferably 
despatched as 2--3-day-old specimens on charcoal 
agar slopes. | 


Diagnosis by direct 
immunofluorescence 


B. pertussis can be recognized by microscopy in 
nasopharyngeal secretions using specific fluorescein- 
labelled antiserum. Direct immunofluorescence 
should have a sensitivity of 60 + 10% in communities 
where pertussis is endemic and a higher sensitivity 
during epidemics. The specificity can approach 90% 
(reviewed by Gilchrist 1990). Two factors are of 
importance for the identification of microorganisms 
in tissue secretions or exudates by immunofluores- 
cence. The first of these is that the antiserum used 
must have a high titre of IgG antibody to the organism. 
Antisera specific for B. pertussis and RB. parapertussis 
developed for immunofluorescence are commer- 
cially available (Difco). It should be noted that other 
antisera developed for agglutination tests are not 
satisfactory. The second factor is that it must be 
anticipated that organisms in secretions from an 
infected patient will have adsorbed antibody which 
the host has produced. These adsorbed antibodies 
will block access to the organism by the fluorescent 
reagents and negative results will be obtained. It is 
therefore essential to treat the specimens prior to 
staining in order to remove any host antibody.* 

The advantages of the immunofluorescence method 
are that it is sensitive, accurate and rapid (a diagnosis 
is possible within 12h), and can produce a result in 
patients who have been partially treated with anti- 
biotics where the organisms present in the secretions 
are not viable. 


Serological testing 


The older agglutination tests for antibody to B. pertussis 
have been replaced by ELISA methods. Many 
methods have been described (reviewed by Gilchrist 
1990) and in the UK a kit method is available from 
Lab Systems. The majority of methods, including 
the latter, quantify IgG and IgM antibody to whole 
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B. pertussis organisms although some use antigens 
such as the toxins of the organism (Mink et al 1992). 
Generally, a diagnosis of pertussis is accepted on the 
basis of (a) rising titres of IgM or IgG antibody 
between samples spaced at least five days apart, (b) 
an elevated IgG level, or (c) an elevated IgM level. 
IgA antibody measurement is unlikely to add much 
diagnostic discrimination to these criteria. 


The value of serological diagnosis is in the late. 


paroxysmal and catarrhal stages of the illness or in 
adult patients where culture is likely to be unsuccess- 
ful because of administration of antibiotic at. an 
early stage of chest infection (Mink et al 1992). 
Difficulties arise in young children where transpla- 
cental antibody from an immune mother may cause 
confusion or where infection occurs immediately 
post-immunization (Gilchrist 1990). These prob- 
lems may be overcome in the future by using ELISA 
methods that incorporate toxins of B. pertussis which 
are not present in the vaccines (Arciniega et al 1993). 


METHODS 


Charcoal blood agar 


The traditional Bordet-Gengou medium has been 
largely replaced by charcoal blood agar, the recipe for 
which is given below. (We have not included the 
recipe for Bordet-Gengou medium, but this was given 
in the 12th Edn, Vol. 2, p. 131.) 


Charcoal agar base \s prepared as follows: 


Beef extract (Lab-Lemco, Oxoid) 10g 
Starch 10g 
Peptone 10g 
NaCl 5g 
Charcoal, bacteriological grade 4g 
Nicotinic acid img 
Agar 12g 
Water 1 litre 


Dissolve the ingredients, except the charcoal, in 
the water by heating gently. Adjust to pH 7.5-7.6 and 
add the charcoal. Dispense into suitable containers, 
shaking the medium occasionally to keep the charcoal 
in suspension. Autoclave at 121°C for 30 min. 

For the preparation of complete medium, add 10 ml 
sterile defibrinated horse blood to 100ml charcoal 
agar base. Cool the molten agar .to 45—50°C. Add 
the blood, previously warmed to 37°C. For a selective 
medium for primary culture, add cephalexin to a final 
concentration of 40 mg/litre. Pour 4—5 plates from this 
volume. Do not dry the poured plates unless they are 
for immediate use. 
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The medium may also be dispensed in 5-10 ml 
amounts in screw-capped bottles and ‘sloped’. In this 
form the medium is useful for the maintenance of stock 
cultures of B. pertussis, with weekly subcultures. 


Immunofluorescence staining of smears 
for identification of B. pertussis 


Prepare thin smears from pernasal swabs and allow 
to dry in air at room temperature. immerse them in a 
solution containing 100 yg pepsin in 0.1 mol/litre HCI 
in a Coplin jar for 4—6 h to remove patient's antibody 
from the specimen. Remove, fix in methanol or acetone 
for 10 min and stain by standard procedures. Briefly, 
add to the specimen a drop of fiuorescein-labelled 
specific antiserum at the dilution recommended by the 
supplier and in the appropriate buffer and incubate at 
room temperature for a minimum of 30 min in a damp 
chamber. Wash the slides with an appropriate buffer, 
e.g. 0.1 mol/litre phosphate buffered saline pH 7.2 
(Ch. 47) or other if advised by the antiserum supplier, 
mount with 10% glycerol in PBS, and examine by UV 
microscope with incident light. Specimens should be 
set up in duplicate and treated with separate antisera 
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Brucellae are intracellular parasites that infect a 
wide variety of domesticated and free-living animals. 
World-wide, human and animal brucellosis is still a 
disease of considerable economic and social impor- 
tance. The disease has been eradicated in a number 
of countries, including the UK in 1980-81. Even in 
these countries, human infections are still encoun- 
tered albeit as the occasional imported case from 
an endemic area. Brucellae grow intracellularly and 
localize in the reticuloendothelial system. In their 
respective primary hosts the various species localize 
in the tissues of the genital tract and the mammary 
glands. Infections frequently cause abortion in preg- 
nant females and orchitis and epididymitis in the 
male. The genus can be divided into six species, 
four of which can infect man by direct or indirect 
contact with infected animals: 


B. abortus: primary host cattle, but also trans- 
missible to camels, deer, dogs, horses, sheep, goats, 
pigs and man. 

B. melitensis: primary host goats and sheep, but 
can infect many other species, including man. 

B. suis: primary host is dependent on the biovar; 
biovars 1, 2 and 3 infect pigs, biovar 4 reindeers and 
biovar 5 small rodents; all biovars can cause disease 
in man. | 

B. canis: primary host the dog; man may occa- 
sionally be infected. 

B. ovis: primary host sheep; does not cause disease 
in man. 

B. neotomae: infection limited to the desert wood 
rat. 


B. abortus is the most common cause of brucellosis 
in cattle and, overall, B. melitensts is the most com- 
mon species to infect man and is probably the most 
virulent. The division of the genus Brucella into six 
species has proved useful for practical and epidemio- 
logical purposes. Verger et al (1985, 1987) have 
questioned the validity of subdividing the genus as 
no significant differences between the species can be 


detected by DNA-DNA pairing. This has been 
supported by restriction endonuclease analysis of 
brucella DNA reported by Allardet-Servent et al 
(1988). Even taking these findings into account It 


_ js considered prudent at present to retain the estab- 


lished classification system because of its undoubted 
epidemiological usefulness and convenience. 


Morphology and staining 


Small round or ova! coccobacilli, about 0.4 [im in 
diameter, but bacilli 1-2 zm length may also be seen. 
Arranged singly, sometimes in pairs, short chains 
or small clusters. Do not produce capsules, spores 
or flagella. Fimbriae have not been described. Gram 
negative; do not usually show bipolar staining; not 
acid-fast but may resist decolorization by weak 
solutions of acids or alkalis. A modified Ziehl- 
Neelsen stain (Ch. 45) is used for screening placentas 
and other products of abortion. The brucella cells 
have a red or orange appearance; other pathogens 
such as Coxiella burnetii and chlamydiae have a 
similar appearance so that skill and experience are 
required when this material is examined. 


Cultural characters 


Most brucélla strains require multiple amino acids, 
thiamine, biotin, nicotinamide and pantothenic acid 
for growth. Strains usually grow poorly on peptone 
media, and growth is improved by the addition of 
serum. The optimum pH range is 6.6—7.4. Tempera- 
ture range 20-40°C, optimum 37°C. Brucellae are 
strictly aerobic organisms but many strains of B. 
abortus require the addition of 5—10% CO,, especially 
on primary isolation. On solid culture media, colo- 
nies may take 2-3 days to develop; they are small, 
smooth, transparent, low convex with an entire 
edge. 

The isolation of brucellae from milk, dairy pro- 
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ducts or veterinary material* usually requires selec- 
tive media;* comparative trials have shown that 
these are a satisfactory alternative to guinea-pig 
inoculation methods.* 


Viability 


Killed after heating at 60°C for 10 min; therefore 
killed in milk by pasteurization. Moderately sensitive 
to acid and die out in most cheeses undergoing lactic 








reduce nitrates to nitrites. Brucellae do not ferment 
carbohydrates on conventional media; oxidative 
metabolism is the main energy-yielding process 
utilizing both amino acids and carbohydrates. 


Classification of brucellae 


Brucellae may be categorized into species and biovars 
by the following tests (see Table 27.1)*: 








CO, requirement | 
acid fermentation, Very sensitive to sunlight but may eh rerio € 
NOERTACLA” 3 ; H,S production 
persist in soil or dust for 2—3 months and for Jonger my 
; | Tolerance of bacteriostatic dyes 
in dead fetal material, especially at low temperatures. ME PETTY fins , | 
ae Phy ea oe tn Agglutination with monospecific antisera 
Sensitive to many disinfectants and antibiotics, ; . 
chat ' | Lysis by specific bacteriophage 
including ampicillin, co-amoxiclav, cephalosporins, , 
aminoglycosides, tetracyclines, chloramphenicol, Most brucella strains isolated during diagnostic 
ciprofloxacin, sulphonamides and cotrimoxazole; procedures or epidemiological investigations can be 
relatively resistant to vancomycin, nalidixic acid readily identified as belonging to the genus Brucella 
and polymyxins. by the colonial morphology and the Gram stain , 
appearance, agglutination with specific antisera and 
, P , e. 
Biochemical reactions lysis by specific phage. For many years brucella 
identification has been assisted by the reactions 
Catalase positive; usually oxidase positive but some with Tbilisi (Tb) phages first isolated in the former 
strains of B. abortus are negative. Urea hydrolysis | Soviet Union in the 1950s. All strains of B. abortus , 
is variable but often very rapid, especially with strains are lysed by a Tb phage; strains of B. suis are lysed 
of B. suis and B. canis. Most strains (except B. ovis), only by a highly concentrated suspension, and strains 
| 
AP ae ee fort by = a Pee ras By lege Mi Tre wee ai ; 
“Table ora Classification into biovars. ‘of species rhage een cole (600 on ods): oe eras ee | 
= Ren mnee salns tis 9g neta es Gee coy 
. a 1 5 ; ‘ 
-< : Tolerance to Gyes Lyle by Tbilisi: + Agglatinailon with fe ae | 
Species/Biovar CO, requirement H2S production  Thionin Basic fuchsin .. phage at RTD® -monospecific antiserum | | 
Be, ra ug/ml) (20 pg/ml) Pde s 3 aie hs ae Yap | | 
B. melitensis 1 1 - + * Rie ahaa 3 oe 4": 7 | 
| é ~ ™ 7 + NL . a a: be | . 
3 — _ : + + i ch ; ' os : . = 1 
B. abortus 1 (+) + _ + eis ea = 
2 (+) + = = “f = = 
3 (+) + + + + - - 
4 (+) + (-) + - + ~ 
5 - - + . =_ + - 
6 = - + + + —. - 
_ + + + bs + < 
B. suis 1 - +. " - + — “ 
2 ~ = + - + ~ = 
3 _ ~ + + NL + - - 
4 _ - i (-) +. + ya 
5 = _ + = : + = 
B. canis - - 4 - pag -" - + 


ee 





‘8B. abortus biovars 3 and 6 can be distinguished by tolerance to thionin (40 pgm); Biovar 3 = +, Biovar 6:= ~. Somes strains of 
BR. abortus biovar 4 are sensitive to both thionin and basic fuchsin. i 
°L = confluent —_ NL = no lysis; RTD = Routine test dilutian: 


————————$—— +, 








* Refer to Method: at the end of this chapter, 
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of B. melitensis are not susceptible to a Tb phage. 
This scheme had the disadvantage that strains of B. 
melitensis could be identified only by exclusion and it 
was not applicable to non-smooth strains. In the 
last decade a number of brucella phages have been 
isolated with a wider host range; they have been 
classified by Corbel (1987) into six groups based on 
their host specificity. Although these investigations 
are restricted to specialist reference centres, the 
application of these phages provides a reliable typing 
scheme that is suitable for the speciation of smooth 
and non-smooth isolates of brucellae. Oxidative 
metabolic tests with manometric techniques may 
still be essential for the satisfactory identification 
and classification of a small number of aberrant 
brucella strains. These techniques require specialized 
expertise to perform and interpret and may be 
particularly hazardous because of the increased risk 
of accidental infection. Identification and biovar 
typing are best undertaken in a reference laboratory, 
e.g. the Central Veterinary Laboratory, New Haw, 
Weybridge, KT15 3NB, for strains isolated in the 
UK. 


Variation 


While typical virulent brucellae produce colonies 
that are smooth and transparent, growth on labora- 
tory media may result in spontaneous dissociation 
to non-smooth variants. The non-smooth variants 
include intermediate (I), rough (R) and mucoid (M) 
variants. Non-smooth variants may show loss of 
virulence, and R and M strains will not agglutinate 
with homologous antisera prepared against smooth 
strains. B. abortus, B. melitensis and B. suis are usually 
smooth on primary isolation; B. canis 1s invariably 
non-smooth but can be distinguished with antiserum 
prepared against R strains. 


Laboratory diagnosis 


Man is usually infected with brucella organisms by 
direct contact with infected animals or indirectly 
by contaminated dairy products, contaminated dusts 
or aerosols, or by accidental exposure to animal 
vaccines or laboratory cultures. Veterinarians, farmers, 
abattoir workers and laboratory staff are at Umes 
in occupational contact with the organism and are 
often infected. The organism may establish infection 
by ingestion, or pass through abrasions on the 
skin, or across mucous membranes or by accidental 
inoculation of vaccine or laboratory strains. 

Brucella infections in man can vary from an acute 
febrile disease to a low-grade, ill defined disease. 


When there is no clear history of contact with in- 
fected animals or of consumption of contaminated 
dairy products, a diagnosis of brucellosis may be 
easily overlooked. Acute infections often present as 
an influenza-like illness with fever, headache, loss 
of weight, profuse sweating and myalgia. There 
may be no abnormal physical signs although the 
spleen and sometimes the liver may be palpable. 
A peripheral blood count may show a leucopaenia 
with a relative lymphocytosis although the white 
blood count may be normal. If the disease is not 
treated at this stage it may resolve spontaneously 
but it may be followed by a long period of ill health 
with associated complications such as endocarditis, 
bone infection or meningo-encephalitis. 

Chronic brucellosis, a condition with symptoms 
that may persist for many years, is a diagnosis that 
should be made with great caution. ‘The situation can 
be particularly difficult when many months have 
elapsed between the acute illness and the recurrence 
of similar or associated symptoms. A diagnosis of 
chronic brucellosis should be made only after all 
other possible causes have been excluded. 


Culture of brucellae 


When infection is due to B. melitensis or B. suts, little 
difficulty is encountered in isolating the infecting 
organism from blood during the febrile episodes of 
the illness, but blood cultures are often negative in 
B. abortus infections. An attempt should always be 
made to isolate brucellae from patient’s blood during 
the febrile stages of the disease. Approximately 5 ml 
of blood should be inoculated into each of four 
blood culture bottles containing serum dextrose 
(SD) broth,* on 3 successive days. The bottles 
should be subcultured twice a week for 8 weeks 
on to SD agar.* The Castafieda biphasic blood cul- 
ture technique may be useful in reducing the risk 
of contamination during the long period of incu- 
bation. When B. abortus infection is a possibility, 
incubation should be in an atmosphere with added 
CO,. Blood cultures should be maintained for at 
least 8 weeks before they are discarded as negative. 
Isolation rates can be markedly improved if material 
from bone marrow or liver biopsy is also cultured. 
Brucellae may also be isolated by inoculation into 
guinea-pigs, but this is seldom necessary except from 
heavily contaminated material. There 1s a significant 
risk of laboratory infection when handling brucella 
organisms and it is therefore essential that precau- 
tions are taken to minimize this risk; cultures and 
material possibly infected with brucellae must be 
handled in a containment level 3 laboratory room 
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and in a category I or III exhaust protective cabinet 
by trained and experienced staff. 


Serological tests 


When the infecting organism is not isolated from 
the blood or other clinical material, serological inves- 
tigation of the patient is of paramount importance 
for diagnosis of the disease and the future man- 
agement of the patient. As culture is not invariably 
successful, serum samples should be collected as 
soon as possible and at various stages of the illness. 
Brucella antibodies can be detected by a variety 
of serological tests. The most widely used are the 
standard agglutination test (SAT)* and the comple- 
ment fixation test (CFT);* additional information 
can be obtained from the mercaptoethanol (ME) 
agglutination test.* Radioimmune assay (RIA) and 
enzyme-linked immunosorbent assay (ELISA) have 
been shown to be useful in the diagnosis of brucel- 
losis, but these should be regarded as specialized 
reference laboratory procedures. As brucella anti- 
bodies may be detectable for many years after acute 
or subclinical infection, the possibility of residual 
antibody from a previous infection must be borne in 
mind when considering the significance of brucella 
antibodies in a patient’s serum. False-positive re- 
actions have been described due to cross-reactivity 
with strains of Escherichia coli, Salmonella Urbana 
and other group N serotypes, Vibrio cholerae, Yersinia 
enterocolitica and Francisella tularensis (Corbel 1979, 
Bundel et al 1987). In persons whose symptoms are 
of recent onset, the presence of low titres of anti- 
bodies may be significant and in such instances a 
rising titre may be demonstrated by the SAT or the 
CFT and can be of corsiderable help in confirming 
the clinical diagnosis. It is at this stage of the disease 
that a significant amount of specific IgM antibody 
is present; this is indicated by the presence of 
ME-sensitive agglutinins or can be shown more 
directly by ELISA or RIA. 


METHODS ny 





Serum dextrose (SD) agar 


Base medium 


Davies’ New Zealand agar 159 
Bacteriological peptone (Oxoid) “=10¢9 
Lab-Lemco extract (Oxoid) 5q 
NaCl 15q 
Distilled water 1 litre 


Complete medium. Adjust the pH of the medium 
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to 7.5 and sterilize at 121°C for 20 min. Enrich the base 
medium with 1% sterile glucose and 5% inactivated 
horse serum (56°C for 30 min) before dispensing into 
Petri dishes, or tubes for slants. 

SD broth, omitting the agar, may be used as a liquid 
medium, e.g. for blood culture. 


Selective media 


The slow growth of brucellae makes selective isolation 
techniques essential to prevent the overgrowth of 
contaminants from milk, dairy products and veterinary 
material, Various media have been described by Mair 
(1955), Leech et al (1964), Ryan (1967) and Farrell 
(1969). The medium described by Farrell has been 
widely adopted; it contains bacitracin 25 units/ml, cyclo- 
heximide 100 pg/ml, nalidixic acid 5 g/ml, nystatin 
100 units/ml, polymyxin B 5 units/mi and vancomycin 
25 pg/ml in SD agar. A liquid medium with amphotericin 
100 g/ml and cycloserine 4 g/ml in addition to these 
selective supplements incorporated into Tryptone soya 
broth with 5% horse serum was described by Brodie 
& Sinton (1975) as a fluid enrichment for the isolation 
of brucellae from contaminated sources. 

On the various selective solid media, colonies are 
usually visible after 4-5 days and are 1-2mm in 
diameter; on further incubation they increase in size to 
4—6 mm, On Mair's medium, which contains gentian 
violet, the colonies are blue to violet in colour with 
an almost black centre; on SD agar without dyes, the 
colonies are pale yellow and translucent. 


Guinea-pig inoculation 


The guinea-pig is the laboratory anima! most suscep- 
tible to brucellae; the infection is not usually progres- 
sive and infected animals may recover spontaneously. 
A small quantity of prepared biological material is in- 
oculated into the thigh of a guinea-pig. When the animal 
is killed after 6~8 weeks the lymph nodes in the region 
of the inoculation may be enlarged and should be 
cultured. The spleen should also be cultured by rubbing 
the cut surface on the surface of SD agar containing 
bacitracin 10 units/ml and polymyxin B 4 units/ml 
to suppress contaminants. Blood collected from the 
jugular vein can be tested for the presence of brucella 
antibodies, 


Tests for the identification of brucellae 


The tests used for the identification and biovar typing 
of Brucella species are given in Table 27.1. When 
identifying unknown strains it is essential to include the 
WHO prototype strains B. abortus 544, B. melitensis 
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16M and B. suis 1330. Prepare a suspension of the 
test strain in 1.5 ml of sterile 0.85% NaCl to give c. 10° 
colony-forming units/mi. This is the inoculum for each 
of the following tests: 


CO, requirement. Seed two SD agar plates; incubate 
both at 37°C, one aerobically and the other in air 
containing 10% added COs. The plates are examined 
after 4 days’ incubation and the requirement for CO, 
recorded. 

H.S production. Seed an SD agar slope in a tube 
bearing a lead acetate paper strip held by a loose 
cap. Incubate the tube in air + 10% CO, and examine 
for the presence of H,S daily for 4 days. Change the 
lead acetate paper after each examination, to avoid 
confusion by the small amounts of HzS some strains 
of B. abortus biovar 5 may produce on the first day. 

Tolerance to dyes. Prepare SD agar plates con- 
taining thionin (20 g/ml) and basic fuchsin (20 pg/ml). 
Seed each plate, including a:contro! SD agar plate, with 
strains to be tested using a cotton-wool swab soaked 
in the prepared inoculum. The plates are examined 
after 4 days’ incubation. it is recommended that each 
new batch of dye be checked against a set of brucella 
reference strains to determine the optimum concen- 
tration for differentiation. 

Agglutination with monospecific antisera. Antigens 
designated A and M (Wilson & Miles 1932) are present 
in all strains of brucellae but in varying proportions. 
The predominant antigen in a strain can be determined 
by slide agglutination or in a tube agglutination test by 
testing a killed suspension of the organism in mercuric 
iodide (0.1%) against absorbed monospecific antisera 
to A, M and an R strain. 

Lysis by bacteriophage. A standard reference strain 
of phage, Tbilisi (Tb), is used at Routine Test Dilution 
(RTD). 


isolation from milk and dairy products 
Direct culture 


The culture of overnight gravity cream has proved more 
successful for the isolation of brucellae from cows’ milk 
than culture from centrifuged deposits: 


1. Transfer the milk sample to a sterile test tube 
(180 x 25 mm) and keep at 4°C overnight. 

2. Dip a sterile cotton-wool swab into the gravity 
cream layer and spread it over the surface of well 
dried selective agar until the fluid has been absorbed. 
lt is advisable to use at least two selective plates of 
Farrell's medium for each specimen. 

3. incubate the plates in air containing 10% CO, at 
37°C and examine every 2 days for 10 days. 


Fluid enrichment 


1. Seed each of two or three-bottles of 5 mi broth 
prepared as described by Brodie & Sinton (1975) with 
0.2 ml of a mixture of cream layer and deposit from 
centrifuged milk. 

2. Incubate the broths, with the screw caps loose, 
in air containing 10% CO, for 5 days at 37°C. 

3. Subculture the broth cultures to a suitable selec- 
tive agar and incubate in air containing 10% CO, for 
3 days at 37°C. 


A more complete account of techniques for the 
isolation of brucellae from contaminated sources is 
given by Robertson et al (1980). 


Standard agglutination test (SAT) 


The procedure is described in detail by Robertson et al 
(1980); agglutinins detected in the patient's serum by 
this test are usually either IgM or IgG. In some sera a 
blocking factor may interfere with agglutination at low 
serum dilutions (the prozone phenomenon); this may 
be due to the presence of IgA (Drutz & Graybill 1976) 
or other non-agglutinating antibody. False-negative 
results due to this prozone phenomenon can be 
avoided by testing a series of two-fold dilutions of 
(uninactivated) serum from 1-in-20 to 1-in-640 in 0.4% 
pheno! saline. Standardized - antigen suspension 
should be used and it is advisable to control each batch 
of tests with a standardized control serum (e.g. from 
the Laboratory of Microbiological Reagents, CPHL, 
London, or a regional WHO reference centre). The 
agglutination reactions should be read after 48h 
incubation at 37°C. Reactions of partial or complete 
clearing with agglutination visible by the naked eye 
(after gentle agitation of the deposit) should be reported 
as positive; it is important that trace reactions not 
be taken as the endpoint of the titration. 


Mercaptoethanol (ME) agglutination test 


2-Mercaptoethano| reduces the disulphide bonds that 
link IgM molecules to release the subunits. This test 
estimates the titre of those agglutinins that remain 
reactive in the presence of ME. The procedure is the 
same as for the SAT except that the serum dilutions are 
prepared in 0.85% NaCi containing ME 0.05 moi/litre. 


Compiement fixation test (CFT) 


The test is set up in WHO pattern or similar plastic 
trays with 80 round-bottomed wells of approximately 
1 ml capacity or in microtitre trays with U-shaped wells. 
itis a four-volume test; a convenient volume is 0.1 ml or 
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25 pl in microtitre trays. Brucella antigen suspensions 
used for the SAT are suitable if diluted to an optimum 
concentration as determined by chessboard titrations 


(see Ch.9). The long fixation technique at 4°C is 
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Yersinia, Pasteurella, Francisella 


, Joyce D. Coghlan 





At one time, the organisms in these three genera plague in many species of wild rodents in various 
were classified within a single genus, Pasteurella, but parts of the world. Human plague arises either as 
the distinctive characters of the various strains, and a zoonosis through the transfer of infection from 
the closer relationships revealed among some of rats to man through the bites of infected rat fleas 


them, warranted their division into separate genera. (Xenopsylla cheopsis) resulting in bubonic plague, or 
The plague bacillus, previously known as Pasteurella through droplet infection that gives rise to the highly 
pestis, is now considered as a subspecies (subsp. contagious pneumonic plague that spreads from 


pestis) of Yersinia pseudotuberculosis, which includes person to person independently of rats and fleas. 
subsp. pseudotuberculosis that infects many species Septicaemic plague may also occur either primarily 


: veg) os 


of animals and birds and causes mesenteric lympha- or as a complication of the other two forms. 


denitis in man. The risk of confusion arising from this 
new nomenclature has been noted (Report 1983). 
Accordingly, for greater clarity, the specific names Y. 


pestis and Y. pseudotuberculosis will be used throughout The characteristic morphology of Y. pestis is seen 
this chapter when referring to these two organisms. best in films made directly from infected tissues and 
They are grouped with Y. enterocolitica, the increas- exudates. The organisms appear as short oval cocco- 
ingly recognized cause of yersiniosis which is a severe bacilli with rounded ends, about 1.5 x 0.7 Um, 
form of human gastroenteritis. The genus Pasteurella occurring singly or in pairs, capsulate, non-motile, 
is now restricted to a number of animal pathogens, non-sporing, Gram-negative. When stained with 
notably P. multocida, the cause of septicaemic disease methylene blue they show characteristic bipolar 
in various animal species. It is of medical importance staining. In culture, especially in old cultures, pleo- 
because it is transmissible to man through contact morphism is marked, e.g. the cells may be enlarged, 


> with animals, especially through dog bites. The bacillus elongated or irregular; some may be pear-shaped, 
of tularaemia of animals and man forms the third globular and suggestive of yeast cells. This involution 
new genus Francisella and is known as F. tularensis. in culture can be hastened by the addition of 3% 


The organisms within these three genera are small NaCl, and the phenomenon may be used as a means 
Gram-negative bacilli, some of which show extreme of identification. In fluid culture the bacilli tend 
variations in size and shape (involution forms) that to form chains. Bipolar staining is less obvious in 
are particularly evident in older cultures. When culture than in smears from the tissues and the 
stained with methylene blue, bipolar staining is involution forms stain only faintly. Capsules, too, 
characteristic. The main distinguishing features of are less obvious but may be seen in cultures grown 
the species of medical importance are shown in ‘Table at 37°C rather than at the optimum temperature 


28.1. The three genera show differences in their ra rk deg 
G + C content of DNA, viz. Yersinia 46-47 mol%; 
Pasteurella (except P. haemolytica) 37-41 mol%; 


Francisella 33-36 mol%. Cultura! characters 


Aerobe and facultative anaerobe. Somewhat sensitive 

' to free oxygen and growth may not develop on the 

YERSINIA PESTIS surface of an agar plate if the inoculum is small. 
This inhibition may be avoided by the addition to 

Y. pestis (P. pestis) is the cause of wild, sylvatic the medium of blood or 0.025% sodium sulphite 


Morphology and staining 
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or by incubating anaerobically. Temperature range 
14~—37°C; optimum temperature for primary culture 
27°C. Colonies on blood agar are at first very small, 
transparent, white circular discs, 1 mm or less in dia- 
meter but later enlarging to 3 or 4 mm and becoming 
opaque. In older cultures the mixture of opaque 
and transparent colonies gives the appearance of a 
mixed growth. . 

In broth, growth results in a granular deposit at 
the bottom and on the sides of the tube. If a drop of 
oil is allowed to float on the surface of an inoculated 
flask of broth, a characteristic growth develops, 
consisting of ‘stalactites’ hanging down from the oil 
drop. Like the other yersinias, but unlike Pasteurella 
and Francisella species, Y. pestis grows on MacConkey 
medium, but the colonies disappear after 2—3 days, 
probably as a result of autolysis. 


Viability 


Y. pestis is killed by moist heat at 55°C in 5 min and 
by 0.5% phenol in 15 min. It is very susceptible 
to drying. However, laboratory cultures may remain 
viable for many months if kept moist and at low 
temperature. The risk of laboratory infection from 
pathogenic material or culture is considerable. 


Antibiotic sensitivity 


Human deaths from plague can be prevented by 
the early recognition of symptorns and treatment 
with antibiotics in high doses during the first 2 days 
of illness. 

Y. pestis is sensitive to streptomycin (0.5 g every 
4h for 2 days and then every 6h until clinical 1m- 
provement) and to large doses of tetracycline (4-6 g 
daily). These are the drugs of choice for bubonic 
and pneumonic plague. Y. pestis is also sensitive to 
chloramphenicol and to the sulphonamides, which 
however are not effective for the treatment of pneu- 
monic plague. Although the organism is moderately 
sensitive to penicillin in vitro, the drug is not effective 
for the treatment of plague. 


Biochemical reactions 


Because of poor growth in peptone water, sugar 
fermentation reactions may take up to 2 weeks to 
comiplete. Acid, with no gas, is produced in glucose, 
mannitol, maltose, but not in sucrose, dulcito] or 
lactose. Other reactions are shown in Table 28.1. 


Antigenic structure and virulence 


‘The conditions that determine virulence and immuno- 
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genicity of Y. pestis vary according to the animal 
species used in testing. Two main antigenic com- 
plexes inchiding at least 10 different antigens are 
present in both virulent and avirulent strains. One 
of the complexes is somatic and heat-stable, and it 
develops at both 20 and 37°C; the other, which is 
associated with the capsule (envelope) of the organ- 
ism, is heat-labile and develops best at 37°C. When 
fully virulent the plague bacillus possesses two 
somatic antigens known as V and W and a capsular 
immunogenic fraction, F,, all three of which con- 
tribute to the organism’s resistance to phagocytosis. 
The capsular antigen F, is necessary for efficient 
vaccine production. 

It is not possible to distinguish between virulent 
and avirulent strains of Y. pestis serologically because 
of common antigens; indeed, some avirulent strains 
may contain antigens V and W. However, for full 
virulence the presence of the capsular antigen F, 
is necessary. 

A close antigenic relationship exists between Y. 
pestis and Y. pseudotuberculosis which results in 
cross-reactions in agglutination tests. 3 


Laboratory diagnosis of plague 


Septicaemic plaque 


Demonstrate the bacilli in blood films and isolate 
by blood culture or from spleen post mortem. ‘Test 
patient’s serum by complement fixation or by 
haemagglutination with tanned sheep red cells to 
which capsular antigen F, has been adsorbed (the 
test may be used for retrospective diagnosis and 
serological testing of animal sera). For large-scale 
serological testing of sera, use the ELISA test for 
antibodies to F, antigen (Shepherd et al 1984). 


Bubonic plague 


{. Puncture the bubo with a hypodermic syringe 
and withdraw the exudate for examination. 

2. Prepare films of the exudate and stain by Gram 
stain and methylene blue. Characteristic Gram- 
negative coccobacilli and bacilli showing bipolar 
staining with methylene blue suggest plague bacilli. 

3. Culture the exudate on blood agar plates, incu- 
bated at 27°C. Pick single colonies and subculture 
to obtain a pure culture for further identification 
tests. (a) Demonstrate the ability of the organism to 
grow on MacConkey medium. (b) Grow on nutrient 
agar containing 3% NaCl to obtain involution forms. 
(c) Grow in broth to demonstrate chain formation. 
(d) Inoculate a flask of broth and allow a drop of 
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oil to float on the surface; examine for the develop- 
ment of ‘stalactites’ hanging from the oil drop. (e) 
Carry out biochemical tests and confirm reactions 
shown in Table 28.1. ie 

4. Inoculate laboratory animals, guinea pigs or 
white rats, subcutaneously with exudate from bubo 
or with 24h broth culture. Infected animals die in 
2—5 days. Post-mortem examination shows a marked 
local inflammatory condition at the site of inocula- 
tion with necrosis and oedema, the regional lymph 
nodes are enlarged, the spleen is enlarged and con- 
gested and may show greyish-white patches in the 
tissue. Prepare films from the local lesions, lymph 
nodes, spleen pulp and heart blood; stain and 
examine for characteristic plague bacilli. 


“Pneumonic plague 


1. Prepare films from the sputum and stain by 
Gram and methylene blue. Examine stained films 
mucroscopically for characteristic Gram negative and 
bipolar-stained coccobacilli. 

2, Culture the sputum and obtain pure culture 
for identification as with material from bubonic 
plague. This may be done by inoculating on the 
simple selective medium of Kniseley et al (1964), 
which consists of azide blood agar enriched with 
glucose and calcium. 

3. Inoculate sputum into guinea-pigs and/or white 
rats by applying the material to the nasal mucosa 
or to a shaved area of skin. ‘This prevents the entry of 
other virulent microorganisms that may be present 
in the sputum. Carry out necropsy on any animals 
that die as a result of inoculation as for the diagnosis 
of plague in wild rats (see below). 


Diagnosis of plague in wild rats 


Before examining rats that may have died as a result 
of plague, immerse them in disinfectant to kill any 
infected fleas. It is important to differentiate plague 
from infection due to Y. pseudotuberculosis. In plague, 
necropsy has the following features: enlargement of 
the lymphatic nodes with periglandular inflamma- 
tion and oedema that is most frequent in cervical 
lymph nodes due to the tendency for the flea to 
attack the rat’s neck region; pleural effusion; enlarge- 
ment of the spleen which may show small white areas 
in the pulp; liver congested and mottled; congestion 
and haemorrhages under the skin and in internal 
organs. 


1. Make films and cultures of heart blood, lymph 
nodes and spleen. 
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2. Inoculate material from lesions on to the nasal 
mucosa of guinea pigs or white rats as with sputum 
(see above). 

3, Examine stained films and pure cultures for 
characteristic morphology and biochemical reactions 
of Y. pestis. 


YERSINIA PSEUDOTUBERCULOSIS _ 


Pseudotuberculosis is a zoonosis transmissible from 
infected animals to man either through skin contact 
with contaminated water or through the consump- 
tion of contaminated vegetables or other foods. 
It occasionally results in a severe, generalized disease 
with a high fatality rate. More commonly it gives rise 
to acute mesenteric adenitis, simulating acute or 
subacute appendicitis (right iliac fossa syndrome), 
sometimes with the added complication of erythema 
nodosum, usually in young males (cf. Y. enterocolitica). 
Enteritis caused by Y. pseudotuberculosis is rare. 

Y. pseudotuberculosts attacks wild animals and birds 
including rodents, hares and rabbits and also guinea 
pigs and other laboratory animals, causing a fatal 
septicaemia. Subclinical infections may occur. The 
animal disease must not be confused with so-called 
pseudotuberculosis of sheep caused by Coryne- 
bacterum pseudotuberculosis (C, ovis) that gives rise 


‘to caseous lymphadenitis in sheep and sometimes 


subacute or chronic lymphadenitis in man (Ch. 15), 


Morphology and motility 


Y. pseudotuberculosis is a small, oval, Gram-negative, 
slightly acid-fast, bipolar-stained bacillus. It differs 
from Y. pestis in being non-capsulate and motile at 
22°C (but non-motile at 37°C) as demonstrated in 
Craigie tubes. 


Cultural characteristics 


Like other members of the genus, Y. pseudotuberculosis 
is aerobic and facultatively anaerobic. It is capable 
of growing at very low temperatures; optimum 
temperature: 29°C, Grows slowly on nutrient agar, 
producing colonies 1mm in diameter, raised or 
umbonate, granular, translucent; non-haemolytic 
on blood agar. Like the other yersinias, it grows on 
MacConkey medium but only poorly. 


Sensitivity 
Y. pseudotuberculosis is readily killed by moist heat at 
80°C and by 0.5% phenol in 15 min. It is sensitive 


an 
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in vitro to a wide range of antibiotics including, 
unlike the other members of the genus, penicillin. 
For the treatment of generalized infection in adults 
parenteral treatment with tetracycline or ampicillin 
is recommended. 


Biochemical reactions 


All strains of Y. pseudotuberculosis are biochemically 
homogeneous. The reactions are shown in Table 
28.1. Y. pseudotuberculosis differs from the plague 
bacillus in its ability to produce urease, and from the 
Pasteurella group in producing f-galactosidase 
(ONPG positive). Unlike Y. enterocolitica, Y. pseudo- 
tuberculosis does not produce ornithine decarboxylase 
(Ch. 7). 


Antigenic structure 


The strains of Y. pseudotuberculosis can be classified 
into six serological types (serotypes 1—6) based on a 
number of heat-stable somatic antigens that develop 
at both 26 and 37°C, and thermolabile flagellar 
antigens present only in cultures grown at 18-26°C. 
A rough somatic antigen, R, that is shared by all 
serotypes is also present in Y. pestis. Many other 
antigens are also common to the two species, result- 


1 


ing in cross-reactions in agglutination tests. An- 


antigenic relationship exists between serotypes 2 
and 4 and certain salmonellas of Kauffmann—White 
O groups B and D respectively. The majority of 
human cases of Y. pseudotuberculosis infection are 
due to serotype 1. 

By means of precipitin, haemagglutinin, and 
haemagglutination-inhibition tests the strains of Y. 
pseudotuberculosis have been classified into six O 
serogroups (I-VI) on the basis of their smooth O and 
H antigens (Thal & Knapp 1971). 


Laboratory diagnosis of 
pseudotuberculosis 


Y. pseudotuberculosis infection is confirmed by iso- 
lating the organism from an excised mesenteric 
lymph gland and/or by demonstrating antibodies in 
the patient’s serum during the acute phase of the 
illness. The organism is rarely isolated by faecal 
culture. 

Culture. Inoculate excised material from the 
mesenteric lymph gland onto nutrient agar, blood 
agar and MacConkey medium. Incubate at 37°C for 
18h. Characteristic colonies of Y. pseudotuberculosts 
are granular, translucent with a beaten-copper 
surface; non-haemolytic on blood agar; growth on 
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MacConkey medium is poor, Prepare films - the 
colonies and stain by Gram, methylene blue and 
Ziehl-Neelsen stains. Test for motility in broth 
culture: positive at 22°C, negative at 37°C. 

Serology. During the acute phase of the illness 
carry out tube agglutination tests with smooth sus- 
pensions of strains of serotypes 1-6 grown at 22°C 
inactivated with ethanol or formaldehyde. Incubate 
at 52°C and read after 4 and 24h. Titres range from 
80 to 12 800. They decline rapidly. Agglutination 
of serotypes 2 and 4 should be confirmed after 
absorption of the serum with salmonellas of groups 
B and D respectively. 


Intradermal test 


A skin test similar to the tuberculin and brucellin 
tests is available to indicate Y. pseudotuberculosts 
infection. A positive reaction may be obtained many 
years after the infection has cleared. 


YERSINIA ENTEROCOLITICA _ 


Y. enterocolitica and related species Y. intermedia, Y. 
frederikseni and Y. kristenseni constitute a heterolo- 
gous group of organisms, some of which are parasites 
and potential pathogens of humans and animals, 
while others are apparently saprophytic and free- 
living in water, soil and vegetation. Y. enterocolitica is 
becoming increasingly identified as a cause of gastro- 
enteritis in infants and young children and it should 
be considered in cases of bacillary dysentery or 
campylobacter-like enterocolitis with abdominal pain 
and diarrhoea. The incidence of yersiniosis is highest 
during autumn and winter. Occasionally it gives 
rise to acute terminal ileitis and/or mesenteric lym- 
phadenitis that affects adults of both sexes as well 
as children. The lesions of this pseudoappendicular 
syndrome are more severe than those caused by 
Y. pseudotuberculosis. Septicaemia with a high fatality 
rate among the elderly also occurs but is rare. ‘There 
may be immunological complications resulting in 
erythema nodosum, polyarthritis, Reiter’s syndrome, 
etc. The organism has been isolated from many 
animal species throughout the world but, unlike Y. 
pseudotuberculosis, Y. enterocolitica infections are not 
considered to be true zoonoses. Human infections 
probably occur from ingestion or contact. Family 
and other small outbreaks suggest that person to 
person transmission occurs. For a general review of 
Y. enterocolitica, see Swaminathan et al (1982) and 
Mair & Fox (1986). 
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‘Morphology and motility 


Gram-negative coccobacilli showing pleomorphism 
in older cultures; apparent capsules are seen in vivo 
but not in culture; motile by means of peritrichous 
flagella when grown at 22°C, non-motile 37°C. 


Cultural characters 


Aerobe and facultative anaerobe. Optimum tempera- 
ture 22~—29°C; multiplies at 4°C (which constitutes 
a hazard when contaminated food is refrigerated), 
Grows slowly on artificial media:- on blood agar 
forms non-haemolytic, smooth, translucent colonies, 
2-3 mm in diameter in 48 h; grows on MacConkey 
medium forming pinpoint colonies at 22°C. Enrich- 
ment techniques followed by subculture on a selec- 
tive medium such as Schiemann CIN medium are 
necessary for isolation from faecal specimens (see 
below). 


Sensitivity . 

Like other yersinias, Y. enterocolitica is killed by 
heat at 55°C and by phenol (0.5%) in 15 min. It is 
susceptible to sulphadiazine, streptomycin, tetra- 
cycline and chloramphenicol, but not to penicillin. 
Antibiotics should be used only for the treatment 
of -severe or generalized infections in adults; 
cotrimoxazole is effective. 


Biochemical reactions 


Fermentation of sugars and other biochemical re- 
actions are shown in Table 28.1. Y. enterocolitica is 
more reactive at 28 than at 37°C. It differs from 
Y. pseudotuberculosis in its ability to ferment sucrose, 
sorbitol, cellobiose but not salicin, and in being orni- 
thine decarboxylase positive and Voges—Proskauer 
positive. On the basis of variations in certain bio- 
chemical tests Y. enterocolitica may be divided into 
six different biotypes and three new species are now 
recognized, viz. Y. intermedia and Y. frederiksem 
which differ from it in their ability to ferment rham- 
nose and Y. &rstensent which does not ferment 
sucrose, ‘These three additions have been confirmed 
as species by bacteriophage typing. Their patho- 
genicity for man has not yet been established 
neither have their possible asymptomatic carrier 
rates (Report 1983, Mair & Fox, 1986). 


Antigenic structure 


Y. enterocolitica is divisible into a large number of 
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serotypes depending on 34 different O antigen fac- 
tors and 19 H factors. Serotypes O3 and O9 account 
for the majority of human infections, especially in 
Europe; in the USA serotype O8 is more common. 
These and other serotypes not as yet associated 
with human disease have been isolated from healthy 
individuals and from mulk, raw and pasteurized, 
meat, especially pork, and vegetables of all kinds. 
Serotype O9 may cross-react with some Brucella 
species. 


Bacteriophage typing 


For full identification of Y. enterocolttica strains, 
especially of serotype 03, phage typing is recom- 
mended. This involves studying the lytic action of 
a set -.of 10 bacteriophages, I-X, isolated from 
lysogenic strains and from sewage. 


Toxin production 


Pathogenic serotypes produce a heat-stable entero- 
toxin similar to that produced by enterotoxigenic 
Eschenchia coli. Because the toxin 1s not produced 
at temperatures exceeding 30°C it is unlikely that 
it contributes to the pathogenicity of the infecting 
strain. However, the toxin may be developed by 
organisms growing in contaminated food stored at 
low temperatures. This may explain the occurrence 
of some cases of food poisoning from which no 
Causative organism has been isolated (Francis et al 
1980). ‘Toxigenic strains do not ferment rhamnose. 


Laboratory diagnosis of infections 
caused by Y. enterocolitica and related 
organisms 

The diagnosis of Y. enterocolitica infections is 
confirmed directly by isolation of the organism 
and indirectly by serological tests on the patient’s 
Serum. 


/solation from blood or lymph nodes 


Inoculate onto blood agar and MacConkey agar. 
Incubate plates at 22—29°C for 24 h. 


Isolation from faeces, food, soil, etc. 


1. Subject heavily contaminated material to pre- 
liminary cold ennchment by inoculating into phos- 
phate buffered saline or peptone water, pH 7.6. 
Maintain at 4°C for 22 days or more. 
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2. Subculture at weekly intervals onto MacConkey 
medium, or a selective medium such as Schiemann 
Cefsulodin—-Irgasan—Novobiocin (CIN) Yersinia Se- 
lective Agar (Oxoid Unipath CM653) with Oxoid 
antibiotic supplement SR 109. Incubate at 22-29°C 
for 20—24 h. 

Examine plates for colonies of Y. enterocolitica 


which, on the selective medium, appear like bullseyes, _ 
coloured dark red and surrounded by a transparent 


border. The size varies according to the serotype of 
the strain. Other organisms produce larger colonies 
with pinkish centres. 

3. Prepare pure cultures; test for motility at 22°C 
and absence of motility at 37°C, identify the strain 
by biochemical tests (see Table 28.1). 

4. Determine the serotype of the strain by slide 
agglutination with live culture against rabbit antisera 
to Y. enterocolitica serotypes O3 and O9 using O and 
OH antisera. If serotype 03, subdivide by phage 
typing (Bottone 1977). 


Reference facilities 


Bacteriophages for diagnosis and typing are obtain- 
able from the WHO Collaborating Centre for Y, 
enterocolitica, Bacterial Ecology Unit, Institut Pasteur, 
Paris. In the UK, reference facilities are available at 
Leicester Public Health Laboratory for serotyping 
and biotyping of Yersinia strains and for anubody 
detection in a patient’s serum. 


PASTEURELLA MULTOCIDA _ 


P. multocida is present in the respiratory tract of 
many species of wild and domestic animals and birds, 
where it may remain Jatent or cause a variety of pri- 
mary or secondary pathogenic conditions including 
severe and fatal haemorrhagic septicaemia. Humans, 
especially farmers and other persons living in rural 
areas, are susceptible to infection through contact 
with animals. Following the bite of a dog or cat 
the organism in the saliva may pass directly to the 
wound causing a local abscess with cellulitis, adenitis 
and sometimes osteomyelitis. Alternatively, the or- 
ganism may reside as a commensal in the human 
respiratory tract and nasal sinuses from where it 
may pass by way of the blood to damaged tissues, 
e.g. following operations, where it multiplies. Cases 
of appendicitis from which P. multocida has been 
isolated from the pus in pure culture have been 
reported. Head injury may lead to meningitis. It may 
also cause suppurative respiratory infections such 
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as pleurisy, pneumonia, empyema, bronchitis and 
nasal sinusitis. 


Morphology and staining 

Gram-negative, non-acid-fast coccobacillus, 0.7 x 
0.3-0.6 um, i.e. smaller than Yersinia; non-motile; 
capsulate in culture at the optimum temperature 


_ of 37°C. In smears of blood or tissue stained with 
- methylene blue exhibits bipolar staining. 


Cultural characters 


Aerobe and facultative anaerobe; optimum tempera- 
ture 37°C. Grows fairly well on nutrient agar forming 
circular colonies 0.5-1 mm in diameter in 24h. 
Does not grow on MacConkey agar; non-haemolytic 
on blood agar. ' 
The colonies may be of three forms, smooth, rough 


or mucoid. The smooth form contains a type-specific 


polysaccharide capsular antigen and the organisms 
are virulent for rabbits; the rough form is developed 
by organisms that are non-capsulate and avirulent, 
and the mucoid form by organisms that may or may 
not contain a polysaccharide capsular antigen and 
are of intermediate virulence. 


Survival and antibiotic sensitivity 


Killed quickly by heat at 55°C and by phenol (0.5%) 
in 15 min. May survive and maintain its virulence 
in dried or putrified blood for about 3 weeks and 
in culture or tissue for many months if kept frozen. 
P. multocida is sensitive to penicillin, tetracycline, 
erythromycin, streptomycin, cotrimoxazole and 
sulphonamides. In severe conditions such as osteo- 
myelitis following animal bites, antibiotic therapy 
should be continued for at least 8 weeks. 


Biochemical reactions 


P. multocida differs from other members of the group 
in certain cultural and biological details (Table 28.1). 
All strains produce acid but no gas from glucose 
and sucrose. Other sugars are fermented slowly and 
variably depending on the source of the strain. Indole 
is produced. 


Antigenic structure 


The species is not antigenically homogeneous. On 
the basis of 4 capsular and 11 somatic antigens, 
serological tests have revealed 15 serotypes of P, 
multocida. 
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Laboratory diagnosis of Pasteurella 
multocida infections 


Samples from wounds caused by animal bites, from 
CSF in cases of meningitis, or from secretions in 
suppurative conditions of the respiratory tract, are 
cultured on blood agar plates incubated at 37°C for 
24 h. Identify the organisms that form non-haemolytic 


‘ colonies by further cultural and biochemica)] tests 


(refer to Table 28.1). 
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P. pneumotropica is frequently present in the upper 
respiratory tract of laboratory animals. It has occa- 
sionally been responsible for septicaemia and upper 
respiratory infections in man and has been isolated 
from animal bite wounds. 

P. haemolytica is the cause of various diseases of 
domestic animals and poultry, including pneumonia 
of sheep and cattle and septicaemia of lambs. Its 
pathogenicity for humans has not been proved, It 
differs from P. multocida in forming haemolytic 
colonies on blood agar, in its ability to grow on 
MacConkey medium and in its greater range of 
fermentation reactions. — 

P. dagmatis is associated mainly with dog and cat 
bite wound infections in humans (Mutters et al 1985). 

Other species classified on the basis of DNA 
homology include P. canis, P. stomatis, P. anatis and 
P. langaa (Mutters et al 1985). 

An organism previously known as Pasteurella ureae, 
sometimes isolated from human sputum in cases 
of respiratory tract infections and from blood and 
CSF in cases of meningo-encephalitis, is no longer 
considered to be a pasteurella. It is considered to be 
related to the genus Actinobacillus and is now referred 
to as Actinobacillus ureae (Mutters et al 1986). 


FRANCISELLA TULARENSIS 


This organism differs from pasteurellae in the nature 
of its pleomorphism and its requirement for cystine, 
It is the cause of tularaemia, a plague-like disease of 
rodents and other small mammals. It is tick-borne 
among the natural hosts and transmissible to man 
as a typical zoonosis, either through direct or indirect 
contact with infected animals, or through handling 
laboratory cultures without strict safety precautions. 
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The disease is widespread in North America, but its 
distribution in Europe is limited and it has not yet 
been identified in the UK. The so-called ‘lemming 
fever’ in Norway results from the consumption of 
water polluted with the carcasses or excreta of 
infected lemmings or water rats. Water-borne or 
air-borne infections tend to produce influenza-like 
pulmonary or typhoidal illnesses, but in butchers 
or trappers or others who become infected through 
handling the tissues of animals such as rabbits 
or hares, there may be ulcero-glandular or oculo- 
glandular manifestations. Man-to-man transmission 
of infection apparently does not occur. 


Morphology 


Very small coccobacillus which, on primary isolation, 
does not exceed 0.7 x 0.2 jim. Capsulate, non-motile 
and non-sporing. Gram-negative with bipolar stain- 
ing; stains best- with dilute (10%) carbol fuchsin as 
counter-stain. Smears from post-mortem material 
may require gentle heating to allow penetration of 
the stain. Tends to be pleomorphic with bacillary or 
filamentous forms in culture. 


Cultural characters 


Strict aerobe. Fresh isolates cannot be cultured on 
ordinary media. Grows well on human blood agar 
containing 2.5% glucose and 0.1% cystine chloride. 
Optimum temperature 37°C. Minute droplet-like 
colonies develop in 72 h. Growth in liquid culture 
medium may be obtained using casein hydrolysate 
with added thiamine and cystine. 


Sensitivity 


Killed by moist heat at 55-60°C in 10 min. Many 
remain viable for many years in cultures kept at 
10°C and in humid soil and water for 30 and 90 days 
respectively (Zidon 1966). For treatment, streptomycin 
or gentamicin are antibiotics of choice, Tetracycline 
is bacteriostatic and effective only in large doses 
(2 g/day for 14 days); it may be used for prophylaxis 
and therapy when the infecting strain is streptomycin 
resistant (Sawyer et al 1966). 


Biochemical reactions 


Under suitable conditions acid is formed from glucose | 


and maltose. Indole and urease tests are negative. 
For other reactions see Table 28.1. 
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Laboratory diagnosis of tularaemia 


The diagnosis of tularaemia is confirmed by isolating 
and identifying the organism from material taken 
from local lesions and by demonstrating specific 
antibodies in the patient’s serum. Serum of cases 
of brucellosis may cross-react with F. tularensts. 


1. Culture the discharge from local lesions or 
glands on special solid medium (see below). Incubate 
aerobically with added 10% CO, at 37°C for 72h 
or more. Small, mucoid colonies are characteristic 
of F. tularensis. Prepare pure cultures and confirm 
identification microscopically and biochemically 
(Table 28.1). 

2. Test patient’s serum for specific antibodies by 
slide or tube agglutination test, haemagglutination, 
complement fixation or antihuman globulin (Coombs) 
tests (see Ch. 9) using antigens prepared from sus- 
pensions of F. wédarensis grown on solid medium 
(Haug & Pearson 1972). Diagnostic antigens and 
antisera for use in serological tests are available from 
Difco. 
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Medium for cultivation of Francisella 
tularensis 


This is a solid medium containing 2.5% glucose 
and 0.1% cystine hydrochloride. 


Glucose cystine solution 


Glucose 7 12.5¢ 
Cystine hydrochloride 0.5¢g 
Water 50 ml 


Prepare the solution and sterilize it by Seitz 
filtration. 


Preparation of complete medium 


Nutrient agar 85 ml 
Glucose cystine solution 10 ml 
Human blood, fresh 5 ml 


Sterilize the agar at 121°C, cool to 50°C and add 
the remaining ingredients. 
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All members of this family of aerobic Gram-negative — 
rods were originally described as Legionella species — 


but some differ sufficiently for it to have been sug- 
gested that L. bozemanii, L. dumoffit and L. gormanii 
should be placed in a separate genus, Fluoribacter, 
and L. micdadei in another genus, Tatlockia (Garrity 
et al 1980). There has been little general usage of 
these proposed names although they have been ac- 
cepted by the International Committee on Systematic 
Bacteriology. In view of common usage, all species 
will be referred to as Legionella in this chapter (see 
also Brenner 1986). 

Members of the Legionellaceae are listed in Table 
29.1. L. pneumophila is the major pathogen in the 
group and has often been associated with outbreaks 
of infection. Most of the other species can occasion- 
ally give rise to serious disease, usually in debilitated 
or immunosuppressed subjects. Some species that 
have not yet been cultured from man may still prove 
to be human pathogens. Legionella species do not 
occur as commensal flora in man. Most members of 
the group have been isolated from aquatic habitats. 

These organisms cannot be differentiated micro- 
scopically from other Gram-negative rods in clinical 
specimens, but they stain less well than most other 
Gram-negative genera. All the Legionellaceae require 
media enriched with iron and cysteine for primary 
isolation, e.g. buffered charcoal yeast extract (BCYE) 
agar. Various: species may be distinguished by the 
characters listed in Table 29.2; in addition they 
have serologically distinct heat-stable surface somauc 
antigens, characteristic fatty acid profiles on gas—liquid 
chromatography (GLC), different isoprenoid quinone 
content and distinctive DNA (of value in DNA 
homology studies). On BCYE agar legionellas produce 
grey-white to pale blue or purple-tinged colonies. 
On this medium, some legionellas (those designated 
Fluoribacter by Garrity et al 1980, also L. cherrii, L. 
parisiensis, L. steigerwaltit, L. tucsonenis, plus most strains 
of L. anisa) give a strong blue-white fluorescence 
under long-wave ultraviolet (UV) light; L. erythra 


and L. rubrilucens produce red fluorescence (Brenner 
1986, Brenner et al 1985). On Feeley Gorman (FG) 
agar or other clear tyrosine-containing media, most 
legionellas produce a brown diffusible pigment that 
fluoresces dull yellow under UV light; this pigment . 
can also be seen on UV illumination of cultures on 
BCYE. 

It is difficult to identify these organisms by their 
colonial appearance alone in mixed culture; Gram- 
negative rods staining rather poorly with Gram stain 
and failing to grow on blood agar but growing on 
BCYE or other supplemented media are examined 
further. All legionella-like organisms isolated from 
patient or environmental material should be identi- 
fied fully, not only so that the full range of infections 
associated with these organisms and their distri- 
bution in the environment is fully documented, but 
also to differentiate them from nutritionally de- 
manding thermophilic bacteria that may present 
similar features. 


LEGIONELLA PNEUMOPHILA 


This organism gives rise to pneumonia, often ser1ous 
and sometimes fatal, and also to the brief non-fatal 
influenza-like illness Pontiac fever. L. pneumophila 
is differentiated from other Legionella species by 
hippurate hydrolysis and by serological tests. 


Morphology and staining 


Gram-negative rods, 0.3-0.9 x 2-3 am, with pointed 
ends and a tendency to filament formation on solid 
culture medium; smears from infected yolk sac and 
from clinical material show many shorter forms 
with rounded ends. Non-sporing; motile with polar 
flagella; pilated; non-capsulate. In early passage on 
solid media cells may contain vacuoles which stain 
with fat stains such as Sudan black. 
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“ Table 29.4. _Members ofthe tiny Le « on tee 
_; Key: Pr = pneumonia; F.= Pontiac fever; ~ 


























Species Culture Serology’ — 
L. adelaidensis a 
‘L.anisa.— Ramer Cagle . 
L. birminghamensis at 
be bozemanii SG 1 Ee ae 5 
-$G2 +: ie 
ob brunensis si 
yy cherrii tye 8 oe eee ; 
| . cincinnatiensis adh 4 Sai ras 
i’ -dumoffil - . “de +2 
Jb etythra' SG 1 : 
Li: SG 2. car \ i 
|. L. tairfieldensis bial Je eelpagsniog attenbiriea eA 
| Ae MMO BOL eae A ce ot eee Sees a 
Be) ea eee thant 
L. geestiana ae Ate 
L. gormanil- +" 7 
L. gratiana - Hi 
L. hackeliae SG 1 + 
SG 2 + 
L. israelensis” “A a 
L. jamestowniensis ee 4 
L. jordanis ~ ; as - 
L. fansingensis _ + 
L. londiniensis _ ¥ 
L. longbeachae SG 1 + + 
 $G 2 +, . 
- L. maceachernii “ ot 
L. micdadei ie i 
L. moravica - _ :. 
L. nautarum = 


L. oakridgensis | 


Bi ‘parisiensis eg ae ~ 
L. pneumophila SG 1-15 +. + 


L. quateirensis a 
L. quivers: SG1- 


' $G2. — - 
L. rubrilucens Se _. 3: 
L: sainthelensi SG 1. + + 
SG 2 
L. santicrucis — - 
L. shakespeari ~ | - 
L. spiritensis: SG 1 _ _ 
i, Sue - ~ 
L. steigerwaltii _ = 
L. tucsonensis + — 
L. wadsworthii + + 
L. worsilelensis - 


Cultural characters 


Strict aerobe; temperature range 29-40°C; pH 
optimum 6.9. Requires media supplemented with 
iron and cysteine for primary isolation. Colonies may 
take 3-5 days to appear on BCYE agar® at 37°C; 
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| . Demonstration of antibodies as sole criterion of infection has been validated only for L. pneumophila serogroup 1. 


Strains adapted after animal or agar passage will 
produce growth in the well of the plate in 24-48h 
and individual small colonies in 48-72 h, growing to 





* Refer to Methods at the end of this chapter. 
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Colony Dilfusible Pigment 
fluorescence pigment fluorescence 
Species (blue/white) (brown) (dull yellow) 
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about 2-3 mm in diameter after 96h incubation. 
Colonies circular, low convex, with smooth glisten- 
ing surface, an entire crenated edge, soft butyrous 
consistency and a grey or grey-blue appearance. 
Under the plate microscope a ‘cut glass’ appearance 
may be noted, and colonies may also have a lilac 
colour. On FG agar* colonial growth is poor (other 
legionellas will not grow on it without adaptation) 
but a diffusible brown pigment is produced which 
fluoresces dull yellow under UV light; this may be 
enhanced by the addition of tyrosine to the medium 
(Baine & Rasheed 1979). L. pneumophila will pro- 
duce haemolysis of guinea-pig red cells but this test 
is not used in identification. 


Biochemical! reactions 


L. pneumophila does not ferment sugars normally 
used for identification purposes; it does, however, 
hydrolyse starch, hippurate and gelatin. Catalase 
positive; oxidase variable. Produces opacity around 
colonies on an egg-yolk medium, with a clearing 
beyond the zone of opacity; however, tests for leci- 
thinase production are not used for identification. 
L. pneumophila has a high content of fatty acids and 
gives rise to a typical profile on GLC; this is an 
important characteristic in the identification of this 
species, as is their isoprenoid quinone content (Lambert 
& Moss 1989). 
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Sensitivity to chemical and physical 
agents 


Laboratory cultures survive on BCYE slopes in screw- 
capped containers for months at 4°C. Legionellas 
are readily killed by disinfectants at use-dilution but 
survive for up to 30 min at pH 2 or at 50°C. 


Antibiotic sensitivity 


Although L. pneumophila is susceptible to a wide 
range of antibiotics it is particularly sensitive to 
erythromycin and rifampicin (Thornsberry et al 1978); 
these antibiotics have proved effective in vivo, both 
experimentally and in treatment of patients. 

L. pneumophila and most other Legionella species 
produce a B-lactamase (Thornsberry et al 1978). The 
enzyme is active on some cephalosporins as well as 
on benzylpenicillin and ampicillin; its action can 
only partially be prevented by clavulanic acid and it 
appears to be different from the f-lactamases found 
in Enterobacteriaceae and Pseudomonas species. 


Serogrouping 


To date, 15 serogroups of L. pneumophila have been 
defined, all of which have been implicated in human 
infection, with most infections being due to sero- 
group 1. Strains are identified definitively by direct or 
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indirect immunofluorescence with specific antisera, 
but may also be identified by slide agglutination 
(Wilkinson & Fikes 1980, Thacker et al 1985). There 


are serotypes within at least serogroups 1 and 5 of ~~ ~~ 


L. pneumophila; strains of serogroup 1 have been 
placed into provisional types according to their re- 
actions with monoclonal antibodies (Joly et al 1986). 
Most outbreaks of Legionnaires’ disease are caused 
by one monoclonal antibody type (Tobin etal 1987). 
Subtyping on a genetic basis has been performed by 
the use of electrophoretic analysis to demonstrate 
enzyme electromorphs (Selander et al 1985) and also 
by demonstration of inter-strain restriction-fragment 
length polymorphisms (Saunders & Harrison 1988). 
Enzyme polymorphism studies suggested some di- 
versity in L. pneumophila and it has been shown that 
there are three DNA groups which have been pro- 
posed as new subspecies of L. pneumophila — subsp 
pneumophila, subsp fraseri and subsp pascullei (Brenner 
et al 1988). 


Animal aihenentolly 


Fresh strains from either human or environmental 
material are pathogenic for the embryonated hen’s 
egg, which is the most sensitive culture system for 
legionellas in the absence of other microorganisms. 
Inoculation into eggs via the yolk sac is lethal in 
4~7 days, the organisms being present in the yolk sac 
in large numbers. 

Because of the ability of guinea-pigs to survive 
intraperitoneal (i.p.) challenge with grossly contami- 
nated material, together with the animals’ suscepti- 
bility to legionella infection, guinea-pigs have been 
used for the attempted isolation of legionellas from 
patient or environmental materia] but this technique 
has now been superseded by the use of sélective 
media. The animal develops fever about 24h after 
i.p. inoculation, the fur becomes ruffled, there is 


a watery discharge from the eyes and the animal 


becomes progressively more unwell. Death may not 
occur, and the animal may recover; thus the guinea- 
pig should be killed and autopsied when it becomes 
ill or, in any case, at 4—5 days after inoculation. At 
autopsy there is a peritoneal exudate or localized 
abscess which contains large numbers of the organism; 
the spleen is enlarged and congested and similarly 
contains many legionellas, usually in pure culture 
even when the initial inoculum was heavily contami- 
nated with other bacteria. Guinea-pigs may also be 
infected by the respiratory route and have been used 
to detect legionellas in air in affected buildings. 
Legionellas will infect free-living amoebae of 
the genera Acanthamoeba and Naegleria and these 
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organisms have been used experimentally to isolate 


legionellas from infected material (Rowbotham 1980, 
Fallon & Rowbotham 1990). 
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Other Legionella species are listed in Table 29.1; at 
least 18 have been isolated from human material 


and the other 23 only from the environment. L. feelei 


of serogroup 1, although cultured only from coolant 
used in a car engine plant, was shown to be respon- 
sible for an outbreak of Pontiac fever amongst 
workers at the plant (Herwaldt et al 1984). Antibodies 
to some species have been demonstrated in man 
but, in the absence of isolation of these species from 
man, the specificity of these antibodies is uncertain. 

These species have growth requirements similar 
to those of L. pneumophila and are isolated and iden- 
tified in the same way. The species isolated from 
man may be distinguished by the features noted in 
Table 29,2 and by serological examination. Although 
phenotypically similar to L. pneumophila they differ 
from that species and from each other in DNA 
content, as shown by DNA homology studies. 

L. oakridgensis differs from other legionellas in 
that, following original isolation on culture media 
containing cysteine and iron, it will grow in the 
absence of cysteine (Orrison et al 1983); other 
Legionella species will grow in the absence of iron but 
not L-cysteine after adaptation to artificial culture. 
When grown on BCYE agar with added 0.001% 
bromocresol purple and 0.001% bromothymol blue, 
colonies of L, bozemanti, L. dumoffti, L. gormanii and 
L. micdadei appear blue-grey, whereas L. pneumophila 


- colonies are pale green (Vickers et al 1981), 


L. feelei, like L. pneumophila and L. spiritensis but 
unlike other Legionella species, is hippurate positive, 
and only it and L. micdadei do not liquefy gelatin. 
Its colonies show no autofluorescence. L. sainthelensi 
is biochemically indistinguishable fram L, jordanis, 
L. longbeachae and L. wadsworthi. L. anisa resembles 
L. bozemanu in biochemical and fatty acid profiles. 
Most strains of this organism give blue-white fluores- 
cence like L. bozemant when colonies are illuminated 
by UV light, but one strain does not. For a more 
detailed account of Legionella species see Bartlett 
et al (1986) and Fallon (1990). 


Laboratory diagnosis of legionella 
infection 


Specimens may be received from patients or from 
environmental sources. Patient specimens may in- 
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clude sputum, bronchial secretions or biopsy material, 
lung biopsy or lung taken at post-mortem examina- 
tion, pleural fluid and blood for culture. Legionellas 
have also been isolated from other sites including 
lung abscess, spleen, kidney, wounds, small bowel 
and faeces. Environmental specimens will be swabs 
from water taps and shower heads, together with 
rinsings from tap washers, plus centrifuged or filter- 
concentrated deposits of water from suspect water 
systems and cooling towers, ¢.g. in hospitals or 
hotels where there has been an outbreak. 

Legionellas survive well in transit but may be 
difficult to isolate from patient material, especially 
since their growth may be inhibited by tissue 
extracts or by other bacteria present in the specimen, 
Suspect material is cultured directly on selective 
or unselective media; appropriate selective media 
may be more sensitive than guinea-pig inoculation 
(Edelstein et al 1982). Typical colonies (as deter- 
mined by examination under the plate microscope) 
are examined under UV. It is wise to examine all 
cultures under UV before discard in case colonies 
are scanty or overgrown by other bacteria or fungi. 
Such examination may reveal the presence of the 
yellow pigment in the BCYE or of colonies of auto- 
fluorescing Legionella species. Suspected legionellae 
are identified by nutritional requirements followed, 
where possible, by GLC determination of fatty acid 
content. Serological analysis is essential, but a nega- 
tive result does not exclude the diagnosis as the 
isolate may be of a new serogroup or species. L. 
pneumophila serogroup antigens are excreted in 
patient’s urine and their detection by ELISA or RIA 
has been used as a rapid diagnostic technique 
(Kohler & Sathapatayavongs 1983, Birtles et al 1990, 
Tang & Krishnan 1993) and is a service mainly 
provided by reference laboratories (see below). 

In view of the difficulty of culturing these 
organisms serological diagnostic methods are most 
commonly used. These are the direct fluorescent 
antibody test (DFAT) or indirect fluorescent anti- 
body test (IFAT) (Harrison & Taylor 1988) for 
demonstration of bacterial antigen in tissues, secre- 
tions or environmental sources, and the IFAT or 
rapid microagglutination test (RMAT) for demon- 
stration of antibody in patients (Fallon 1981, 
Harrison & Taylor 1988). 


Microscopy 

1. Examine a Gram stained smear of any specimen 
of pleural fluid or tissue. The presence of poorly 
staining Gram-negative rods in a normally sterile 
site may suggest the presence of legionellas. In any 


material the presence of other bacterial forms may 
warn of potential contaminants and that selective 
media or guinea-pig inoculation may be required for 
isolation of legionellas, 

2. Examine a smear stained by either the DFAT™ 
or IFAT* immunofluorescence method, Positive re- 
sults should be checked with pre-immune or normal 
rabbit serum in case the staining is due to naturally 
acquired antibodies in the rabbit serum. Provided 
the antisera are specific, the observation of strongly 
fluorescing short rods may justify the making of a 
provisional report; with formaldehyde-fixed lung 
this is the final stage of diagnosis. DFAT with a 
monoclonal antibody to a common antigen of L. 
pneumophila (Genetic Systems) is effective and specific 
(Fallon 1986). 


Treatment of contaminated specimens 


For culture on artificial media, as opposed to 
guinea-pig inoculation, contaminated specimens 
may be treated by heat (50°C for 30 min) or with acid 
before culture on selective medium,* or by simple 
dilution. The following technique (Greaves 1980), 
one of a number of variations described, takes 
advantage of the relative resistance of L. pneumophila 
to acid. 

Place a 2 ml sample of homogenized material in 
a screw-capped bottle with an equal. volume of HC] 
at pH 2 (0.01 mol/litre). After 5-15 min at room 
temperature, neutralize by adding 18 ml of phos- 
phate buffered saline (PBS) pH 7.3, and centrifuge 
at 1500 g for 20 min. Culture the sediment. An alter- 
native method using buffer at pH 2 is described by 
Harrison & Taylor (1988) and has the advantage of 
not exposing any legionellas present to the poten- 
tially toxic effect of sodium. An untreated sample 
of material should also be cultured since the acid 
reduces the viable count of legionellas by 60-90%. 
(The heat treatment is less injurious to legionellas.) 

Grossly contaminated material may be further 
treated by suspending the sediment obtained after 
acid treatment in 2 ml of antibiotic solution contain- 
ing colistin 15 000 units/litre, vancomycin 50 mg/litre, 
trimethoprim 25 mg/litre and amphotericin B 25 mg/ 
litre. Transfer 1 ml immediately to 9 ml enrichment 
broth;* incubate the other 1 ml sample for 2—4 h at 
37°C. before adding to enrichment broth. Incubate 
these selective enrichment broths at 37°C for up to | 
week. Inspect daily for turbidity and by Gram stain 
before subculture to selective and unselective medium. 
The availability of improved selective media for 1so- 
lation of legionellas from grossly contaminated ma- 
terial has reduced the need for use of enrichment broth. 
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Culture of legionellas 


The recommended culture medium is BCYE agar;* 
this has proved more satisfactory than the enriched 
blood agar media described by Greaves (1980) and 
Dennis et al (1981), although the latter is useful for 
antibiotic sensitivity testing of legionellas. Normally 
sterile material, e.g. pleural fluid, may also be 
inoculated into the yolk sac of 8-10 day old fertile 
hens’ eggs or into guinea-pigs. Contaminated mate- 


rial may preferably be cultured directly on selective - 


BCYE medium* or inoculated i.p. into guinea-pigs 
(at least two animals), preferably test bled before 
inoculation so that survivors can be examined for 
development of antibodies. Fluid culture is not em- 
ployed commonly for the isolation of L. pneumophila 
but enrichment broth may be used as fluid phase 
in a Castafieda-type blood culture medium with 
BCYE as solid phase. Blood cultures should be 
incubated for at least 1 week. 


1. Plate out the specimen, leaving a heavy inoc- 
ulum in the well of the plate as well as plating to 
obtain single colonies; seed BCYE agar, both with 
and without selective antibiotics, and also blood agar, 
to demonstrate the presence of other organisms. 
The interfering effects of other organisms can be 
minimized by diluting the inoculum 1 in 10. Diluents 
containing sodium salts should be avoided as they 
may inhibit the growth of legionellas. Incubate cul- 
tures in air or up to 2.5% CO, in air, in a container 
to prevent the plates drying up, for up to 14 days, 
inspecting daily for likely colonies on specific media 
and for other organisms on blood agar. On primary 
isolation colonies may take 3—5 days or more to appear, 

2. Examine smears from colonies by Gram stain 
and DFAT or IFAT.* Slide agglutination is a rapid 
technique if high-titre specific sera are available 
(Wilkinson & Fikes 1980, Thacker et al 1985), Sub- 
culture to blood agar; if the organisms are legionellas 
no growth will occur. Subcultures are made to BCYE 
agar and also to that medium without added iron 
and cysteine. Cysteine-dependent legionellas will 
not grow on this latter medium but will show satellite 
growth around a filter-paper disc impregnated with 
a solution of ferric pyrophosphate 12.5 mg/ml and 
L-cysteine HCl 20mp/ml (or Oxoid Legionella 
growth supplement SR 110) and then dried and 
placed in the well of the plate (Smith 1982). Occa- 
sionally some legionellas may be difficult to subcul- 
ture from primary culture but may grow on a BCYE 
slope in a screw-capped container. For this reason it 
is advisable to subculture colonies for investigation 
onto BCYE in screw-capped containers as well as on 
to plates. 
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3. Yolk sac material from embryonated eggs 
that die 3-7 days after inoculation, and peritoneal 
swabs and spleen smears from dead guinea-pigs or 
moribund, febrile or well guinea-pigs killed 4-7 days 
after i.p, inoculation, should also be examined by 
microscopy and cultured as described above. 

4. Cultures: of possible legionellas should be 
checked for growth at 50~55°C, as thermophilic 
Gram-negative spore-bearing bacilli contaminating 
culture media may mimic legionellas in cultural 
requirements (Thacker et al 1981). Cultures of 
possible legionellas should be forwarded, on a slope 
of culture medium in a screw-capped container, to 
a reference laboratory for further characterization. 
Reference laboratories in the UK are: PHLS 
Legionella Reference Unit, Central Public Health 
Laboratory, 61 Colindale Avenue, London NW9 
SHT, 0181 200 4400 ext 3966; and Legionella 
Reference Laboratory (Scotland), Ruchill Hospital, 
Glasgow G20 9NB, 0141 946 7120. 

5. Cultures can be stored for years frozen at—70°C 
as heavy suspensions in peptone water. 


Examination of water supplies 


Sampies (c, 5 litres) should be taken from a suspected 
source of legionella infection. Swabs may also be 
taken from specific points such as taps (especially 
hot water taps), tap washers and shower heads. 
Organisms are concentrated by centrifugation for 
10 min at 6000 g or by filtration through a sterile 
142 mm diameter 0.22 um nylon membrane filter. 
The filter is removed to a sterile jar and cut into 
small pieces; 20 ml sterile distilled water (or filtrate) 
is added. The deposit is removed by shaking or 
sonication. This deposit or that from centrifugation 
is examined by DFAT or IFAT,* by culture on 
selective and non-selective media with or without 
prior holding at pH 2 for 5-15 min, or at 50°C for 
30 min, and possibly also by i.p. inoculation of the 
rest of the suspension into 2—4 guinea-pigs. 


Serological diagnosis 


This is the way in which most infections with 
legionellas are diagnosed because of the difficulty of 
isolating the organisms. The principal technique is 
the indirect test (IFAT)* although other techniques 
such as the rapid microagglutination test (RMAT) 
(Harrison & Taylor 1982, 1988) and ELISA are in 
use. Ihe RMAT is rapid, sensitive and specific 
but positive results should be confirmed by IFAT 
(Harrison et al 1987). 

Most legionellosis is due to L. pneumophila 
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serogroup 1 and antigen made from this organism 
is available; reference laboratories (see above) hold 
antigens of other serogroups and species that occa- 
sionally give rise to infection; their advice should 
be sought where serology in the investigating labora- 
tory does not yield evidence of infection but there 
is strong clinical and circumstantial evidence of 
legionellosis. Table 29.1 shows the large number 
of Legionella species and serogroups now recognized 
to be associated with disease in man. Two principal 
antigens are available for the IFAT, formalin-killed 
yolk sac antigen (FYSA; Taylor et al 1979) and heat- 
treated agar-grown cultures (Wilkinson et al 197 9).A 
four-fold rise in titre of antibody in paired sera, from 
16 or below to at least 64, or a standing titre of at 
least 256 in the presence of typical clinical disease, 
is accepted as evidence of infection. A standing titre 
of 256 or more in the absence of illness is suggestive 
of previous infection; antibodies may persist for 
years in some patients. They may be slow to rise 
and in some instances seroconversion does not 
occur until 5-6 weeks after the onset of illness. The 
specificity of antibody response has not yet been 
established for species other than L. pneumophila 
serogroup 1. Patients with campylobacter infection 
may produce antibodies which cross-react with L. 
pneumophila serogroup 1 antigen, both FYSA and 
heated, False-positive results can be avoided by 
absorbing sera with campylobacter ‘blocking fluid’ 
(Marshall et al 1994). 


METHODS 





Buffered charcoal yeast extract agar 
(BCYE) 


This medium is recommended for culture of legionellas. 
Detailed instructions are given below for making BCYE 
(Pasculle et al 1980, modified by Edelstein 1981; also 
known as BCYEa medium). A commercial preparation 
is available, prepared with Legionella BCYE supple- 
ment (Oxoid SR110) and Legionella CYE agar base 
(Oxoid CM655). 


ACES buffer (N-2-acetamido-2- 
aminoethane sulphonic acid) 10g 


KOH (pellets) 2.89 
Activated charcoal (Norit A) 1.59 
Yeast extract (Difco) 10q 
Bacto agar (Difco) 179g 
a-ketoglutarate (mono-potassium salt) 1g 
L-cysteine HCI 0.4g 
Ferric pyrophosphate (soluble) 0.25q 
Distilled water 1 litre 


Note. Oxoid yeast extract (L20) may be used instead 
of Difco, and 12 g Oxoid agar No. 3 (L13) may be used 
instead of Difco agar. 


1. Add ACES buffer to 980 mi distilled water in a 
flask and stir until dissolved. 

2. Add KOH pellets to the solution. 

3. Add charcoal, yeast extract, agar and o-ketoglu- 
tarate to the solution. | 

4. Mix well and boil to dissolve agar. 

5. Autoclave at 121°C for 15 min and cool to 56°C 
in a water-bath. The medium must be made fresh each 
time as reheating the autoclaved base medium reduces 
its sensitivity. 

6. Prepare separate fresh solutions of L-cysteine 
HCl (0.4 g in 10 ml distilled water) and ferric pyrophos- 
phate (0.25 g in 10 ml distilled water) and sterilize by 
membrane filtration. 

7. Add first L-cysteine solution and then ferric 
pyrophosphate to the medium. 

8. The pH of the medium should be 6.90 + 0.05; 
if necessary adjust pH with 1 mol/litre KOH. 


Tyrosine BYE medium. This clear medium. is the 
same as BCYE agar but with the omission of charcoal 
and the addition of 0.45 g t-tyrosine/litre at the same 
time as the agar. 


Selective BCYE agar 


BCYE agar may be made more selective for isolation 
of most legionellas by the addition of antibiotics; 
however it is important to note that some legioretlas 
e.g. L. feelei and L. anisa, are inhibited by antibiotics 
added to culture media. An effective medium is BCYE 
medium plus ammonium-free glycine 3 g/litre, added 
to BCYE base before autoclaving. After autoclaving 
add filter-sterilized polymyxin B 79 200 1Uditre, cyclo- 
heximide 80 mg/litre and vancomycin 5 mg/litre (Dennis 
P J, personal communication); a lower dose of vanco- 
mycin, 1 mg/litre, may also be used to ensure the 
growth of less-vancomycin-resistant Legionella strains 
(e.g. L. anisa). A similar selective medium containing 
dyes which aid in the differentiation of L. bozemanii, L. 
gormanii, L. dumoffii and L. micdadei from most other 
Legionella species has been described and evaluated 
(Edelstein 1982). When used to examined potable 
water specimens no prior acid wash is necessary al- 
though heating at 50°C for 30 min is stil helpful in 
eliminating inhibitory organisms. | 


Feeley Gorman (FG) agar (Feeley et al 
1978) 


Mueller-Hinton agar (BBL) 38 g 
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i-cysteine HCI 0.4g 


Ferric pyrophosphate (soluble) 0.259 
Distilled water 1 litre 


1. Dissolve the agar in 980 ml distilled water. 

2. Autoclave at 121°C for 15 min and caol to 56°C. 

3. Add .-cysteine and ferric pyrophosphate solutions 
as for BCYE medium (above). 

4. The final pH should be 6.90 + 0.05. 


Pigment production can be demonstrated in a clear 
medium such as FG agar or BCYE without activated 
charcoal (Harrison & Taylor 1988) and is best seen 
when the medium is supplemented with 0.45g 
L-tyrosine/litre before autoclaving. 


Enrichment broth 


Yeast extract (Difco) 59 
Proteose peptone (Difco) 159g 
Liver extract (Panmede, Paines & Byrne) 2.59 
L-cysteine HC! 0.4g 
Ferric pyrophosphate (soluble) 0.125 q 
NaCl 59 
Distilled water ) 1 litre 


1. Dissolve the ingredients, except L-cysteine and 
ferric pyrophosphate, in 980 ml hot water and adjust 
PH to 6.90 + 0,05. 

2. Autoclave at 121°C for 15 min and cool to 56°C. 

3. Add t-cysteine and ferric pyrophosphate solu- 
tions as for BCYE agar (above). 

4. Add 50 ml of sterile defibrinated horse blood. 


This medium can aiso be used as a blood culture 
medium (Edelstein et al 1979). 


Biochemical tests 


Hippurate hydrolysis may be demonstrated by the 
method of Hébert (1981). Make a heavy emulsion 
of organisms from agar medium in 0.4 ml 1% sodium 
hippurate (kept in aliquots at -20°C). Incubate at 35°C 
overnight, then add 0.2 ml of 3.5% ninhydrin in 1:1 
acetone:butanol (kept in dark at room temperature) and 
shake. Incubate at 35°C for 10 min. A positive reaction 
is when a purple colour develops within the next 20 min. 

For gelatinase tests, seed the gelatin capsule on an 
API strip with a heavy saline suspension of agar-grown 
organisms and incubate for 48-72 h. Starch hydrolysis 
may be demonstrated as described by Weaver (1978). 
f-Lactamase may be detected by the chromogenic 
cephalosporin test (Ch. 8). 


‘Direct fluorescent antibody test (DFAT) 


The principles. underlying the direct immunofluorescent 
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antibody test (DFAT) are reviewed in Chapter 9. This 
technique is suitable for demonstration of bacterial 
antigen in smears: from colonies suspended in 1% 
formol saline, and for direct detection of antigen in 
pleural. fluid, sputum, bronchial washings, tracheal 
aspirates, lung smears, tissues from animals inocu- 
lated for isolation studies, formalin-fixed tissues and 
centrifuged deposits from water samples (because 
of false-positive results DFAT examination of water 
must always be confirmed by culture). 

A negative immunofluorescence test does not 
exclude the possibility of Legionella infection as the 
test cannot detect less than 10* celis/ml. Fluid speci- 
mens should be centrifuged (e.g. 3000 g for 20 min 
or 6000 g for 10 min) and the deposit examined. 

The basic requirements are a suitable fluorescence 
microscope and antisera to the various serogroups of 
L. pneumophila and other Legionella species. Ideally, 
the microscope should be equipped for epi-illumination 
with a x10 eyepiece and either a x50 water-immersion 
objective or a x100 oil-immersion objective. A typical 
fluorescence microscope would have a mercury lamp, 
KGi heat filter, KP500 exciter filter, TK510 dichroic 
beam-splitting mirror and a K515 barrier filter. Micro- 
scopes using transmitted light are generally insuffi- 
ciently sensitive, although some workers have obtained 
good results with a quartz halogen source used with 
darkground condenser, wide aperture objective and 
an interference filter. The antisera are hyperimmune 
animal sera or monoclonal antibodies conjugated with 
fluorescein isothiocyanate for use in a DFAT; however, 
unlabelled hyperimmune sera may be used in an 
IFAT. All aqueous reagents, e.g. buffers, should be 
filtered (0.2 um) to ensure the absence of possible 
water-borne ‘contaminating legionellas. Where com- 
mercial kits are used, the manufacturers’ instructions 
should be followed. 


1. For fluids, make a thin film of the deposit. 

2. Fresh tissue is cut with a sterile scalpel blade to 
give a fresh surface which is pressed and squeezed 
with forceps against clean slides to make several 
imprints. Alternatively, the fresh surface can be scraped 
with the blade, the debris washed on to a slide with PBS 
pH 7.2, and resuspended for spotting on to slides. 

3. Dry slides in air. Heat-fix gently, then fix for 10 min 
by covering with a solution of 10% neutral formalin 
which should not be allowed to dry. Drain off formalin 
and dip slides into distilled water before again drying 
in air. 

4. Formalin-fixed Jung is cut as above and the 
fresh surface scraped, the tissue debris smeared on to 
a slide, dried, and then heat-fixed before washing with 
distilled water. Tissue sections (<4 um) from paraffin 
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blocks should be heat-fixed on the slide at 58-60°C 
for 15 min and then de-paraffinized before staining. 
Thicker sections may first be de-paraffinized and then 
smeared on the slide before heat-fixation. 

5. Place 0.025 ml of fluorescein-labelled antiserum 
at working dilution on each smear. The serum may be 
spread lightly with a sterile wire loop. A separate smear 
is used for antiserum to each legionella serogroup 
unless polyvalent antiserum pools are available. Dilu- 
tion of fluorescein-conjugated sera with rhodamine- 
conjugated normal rabbit serum to working strength 
reduces background non-specific staining. 3 

‘Prepare control smears, one with PBS replacing 
the serum as a negative control, and others with either 
pre-immune or normal species serum as a serum con- 
trol. Positive controls should aiso be included whenever 
possible. 

6. incubate test and control smears for 30 min at 
37°C in a covered chamber to prevent evaporation. 
Drain off the serum and rinse the smears with a stream 
of PBS, care being taken not to wash the material off 
the slide. Negative and positive control smears must 
be kept separate from test smears. Wash slides in PBS 
for 5 min. 

7. Where the DFAT technique with fluorescein- 
conjugated antisera has been used, rinse slides briefly 
in distilled water and allow to dry in air. 

8. Where unconjugated antiserum has been used in 
an IFAT, apply 0.025 ml of the appropriate fluorescein- 
conjugated anti-species globulin to the smears as 
above, and to an appropriate contro! smear for the 
anti-species globulin. Incubate the slides at 37°C for 
30 min in a closed chamber, rinse, wash and finally 
dry in air as above. 

9. For examination, mount smears in buffered 
glycerol, pH 9.0, or polyvinyl alcoho! glycerol medium 
(Heimer & Taylor 1974). Legionellas appear as short 
rods or coccobacillary forms in contrast to the 
filamentous forms often seen in smears from cultures. 
Lung tissue may contain many organisms but some- 
times only few. In sputum legionellas are very scanty 
and smears should be searched as diligently as for 
tubercle bacilli, e.g. for 20 min. More than five organ- 
isms per smear are considered significant. Animal 
tissues or yolk sac smears usually contain many 
organisms. ’ 


Indirect fluorescent antibody test (IFAT) 
for legioneilosis 


This test demonstrates antibody in patient's serum 
and is based on the reaction of patient's serum with a 
suspension of legionellas. The coating of organisms 
by the patient's antibody is revealed by staining with 
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fluorescein-conjugated anti-human globulin. Two types 
of antigen are currently in use. A formalin-killed yolk 
sac antigen (FYSA) made from embryonated hens’ 
eggs infected with serogroup 1 L. pneumophila 
(Harrison & Taylor 1988) is used widely in the UK. The 
other antigen, used in Scotland (and widely in the USA 
where it is made by the Centers for Disease Control, 
Atlanta) can easily be prepared by laboratories without 
egg culture facilities; it is a heat-killed suspension of 
legionellas mixed with a suspension of normal yolk sac 
(see below). 


IFAT methods using formalinized yolk sac 
antigens (FYSA) 


FYSA consists of infected yolk sacs homogenized 
with an equal volume of Dulbecco A PBS containing 2% 
formalin. The antigen issued has been diluted 1 in 50 
with PBS containing 0.08% sodium azide for use. Use 
polytetrafluoroethylene (PTFE)-coated slides with 12 
wells such as SMO 10 (Hendley) with 3 mm well. 


1. Add 5 ul of FYSA to each well (if 3 mm wells are 
not used, the volume of antigen must be adjusted). Dry 
the slides in a 37°C incubator (20 min) and then fix in 
acetone at room temperature for 15 min. 

2. Make serum dilutions in PBS pH 7.2, using 
doubling dilutions starting at 1 in 16. Add 10 ul of serum 


-dilution to each FYSA spot. 


3. Incubate the slides in a humid chamber at 37°C 
for 30 min. Rinse the slides with PBS and then wash 
in PBS for 15min with two changes of PBS. Rinse 
the slides briefly with distilled water, blot and dry at 
37°C (10 min). 

4. To each FYSA spot add 5 u! of sheep anti-human 
whole globulin with adequate anti-lgM and anti-IgG 
activity diluted to working dilution. Incubate the slides 
in a humid chamber at 37°C for 30 min and wash as 
above. 

5. After drying, mount the preparation in glycerol 
mounting medium consisting of 1 part buffered saline 
pH 8.5 and 9 parts neutral glycerol (glycerin). The 
buffered saline is made as follows. Prepare 0.067 mol/ 
litre KZHPO, by dissolving 1.161 g KzHPO, in 100 ml 
0.85% NaCl. Prepare 0.067 mol/litre KH2PO, by dis- 
solving 0.907 g KH2PO, in 100 ml 0.85% NaCl. For 
use, add 10 parts 0.067 mol/litre K,HPO, in 0.85% 
NaCl to 1 part 0.067 mol/litre KH,PO, in 0.85% NaCl. 

6. Examine the slides by epi-illumination using 
x10 eyepieces and a x100 oil objective. The fluores- 
cence is scored +++, ++, +, +, —. The endpoint is the 
last dilution giving + fluorescence, i.e. definite fluores- 
cence and not just dull green colouring of the organ- 
isms: the fluorescence must be associated with 
morphologically recognized organisms. 
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/. A Known positive control serum should be used 
in each run as well as a normal human serum as a 
negative control. 

8. Sera showing any degree of specific fluores- 
cence at a dilution of 1 in 16 or greater with the FYSA 
antigen should be forwarded to a reference centre 
for further study using antigens from strains of other 
serogroups. Low titres with the serogroup 1 antigen 
may indicate infection with another serogroup of L. 


pneumophila. 


IFAT using heat-killed L. pneumophila 


1. Grow L. pneumophila on BCYE agar for 3-4 days 
until there is sufficient growth for it to be scraped 
off, with a wire loop or a bent glass Pasteur pipette, 
into PBS pH 7.2 in a screw-capped container. Place 
in a boiling water-bath for 15min. Centrifuge the 
suspension and suspend the pellet of cells in 2m 
distilled water. . 

2. Make the working dilution (100-200 cells/high 
power field) in 0.5% suspension of normal yolk sac 
in PBS. The yolk sac not only inhibits non-specific 
background fluorescence seen with culture suspen- 
sions in water or PBS, but also increases the sensitivity 
of the test. 

A polyvalent antigen can be made by adding together 
suspensions of different serogroups or species so 
as to give 100-200 organisms of each individual 
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serogroup/high power field; a quadrivalent antigen has 
been shown to work well. 

3. Prepare slides as described for FYSA using 
slides with a 5 mm spot. 

4. Make the initial serum dilution of 1 in 16 with 3% 
suspension of normal yolk sac in PBS. Then make 
further doubling dilutions in PBS. 

5. Add 10 1! of serum dilution to each well. Incubate 
slides in a humid chamber at 37°C for 30 min; rinse 7 
in PBS and wash for 10 min in a PBS bath. © < 

6. Blot slides and add 20 1! fluorescein-conjugated 
antihuman globulin to each well, Incubate slides, rinse, 
wash and mount as described above. 

7. Examine slides by epi-illumination using a x6 
eyepiece and a x40 dry objective. Fluorescence is 
scored as for FYSA, the endpoint being where there ! 
is + fluorescence of at least 50% of the bacterial | 
cells present. ; | 

8. Prepare a row of six spots with the following 
controls: a spot using PBS in place of serum, a spot 
using normal human serum diluted 1 in 32 as a serum. 
control, and dilutions of a known positive serum diluted 
so that the last of the remaining four spots on this 
slide is just beyond endpoint, i.e. shows a + reaction. 

The test is read with reference to this serum. 

9. Interpretation is as for FYSA. Sera reacting with 
a polyvalent heat-killed antigen should be titrated 
against monovalent antigens of available serogroups or 
forwarded to a reference centre for further examination. 
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Gram- -negative anaerobic rods; anaerobic cocci; 


identification of anaerobes 
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This chapter deals with the Bacteroides, Prevotella, 
Porphyromonas and Fusobacterium species as well 
as several new genera previously within the genus 
Bacteroides, and, for practical reasons, it embraces 
Mobiluncus and the anaerobic cocci. Many of the 
principles adopted for laboratory diagnosis and 
identification of these organisms are also applicable 
to the clostridia, which are covered in the next two 
chapters. Some procedures basic to anaerobic tech- 
nology, such as anaerobic culture methodology, have 
been detailed in earlier sections of this book (Ch. 6). 
The first part of this chapter outlines a general 
approach to the identification of anaerobic bacteria, 
relevant not only to this chapter but also to the 
succeeding chapters on clostridia. 


General approach to the identification of 
anaerobic bacteria 


Table 30.1 at the end of this chapter outlines the 
range of tests and media that are of value in charac- 
terizing the different groups of strictly anaerobic 
Gram-positive and Gram-negative bacteria. As it is 
easy to presume that a demanding aerobe or faculta- 
tive anaerobe might be an obligate anaerobe, it is 
most important to subject isolates to a systematic 
screening procedure as indicated in the first few 
steps of ‘Table 30.1. 

Cell morphology and Gram-stain reaction should 
be examined in films from blood agar (BA) or cooked 
meat broth (CMB) cultures incubated for 18-24 h, 
or longer for anaerobes that grow slowly. Similarly, 
colonial morphology on BA plates may be examined 
after 24 h, but prolongs incubation is required for 
slow growers. 

Some organisms, €.g. Prevotella melaninogenica, 
produce dark brown or black colonies on blood- 
containing media, by forming a haem-—protein com- 
plex. Up to 14 days incubation may be required 
before this is seen; pigment formation is less delayed 
if lysed blood is used. Fluorescence of colonies 


can be detected by exposing BA cultures to lfong- 
wave UV light (365nm) from a Wood’s lamp. 
Colonies of Prevotella melaninogenica fluoresce 
brick-red, and Clostridium difficile colonies fluoresce 
green. Colonies of fusobacteria fluoresce yellow 
on media containing cysteine hydrochloride, Note 
that other clostridia may also fluoresce and that 
Porphyromonas asaccharolytica and Prevotella bivia 
colonies on blood agar are pink, red, dark red and 
purple under UV light at successive stages of growth 
over 1-4 days. 

The further tests indicated in Table 30.1 extend 
into a range of biochemical and ‘resistance tests 
that may be of value for determining the individual 
species within each genus or group of organisms. 
Practical experience with the characterization steps 
indicated in the subsequent tables in this chapter 
(or Ch. 31 for clostridia) will allow a bacteriologist 
to discriminate in the number of tests used for 
a particular identification, e.g. depending on the 
nature of a Gram-negative rod isolated, a short-cut 
approach along the lines set out in Table 30.2 at 
the end of this chapter might be adopted. 

Detection and quantitation of fatty acid end- 
products of bacterial metabolism by gas chroma- 
tography (GC) is a useful aid to the identification 
of anaerobic bacteria. When this information is 
used in conjunction with details of cell morphology 


‘and Gram-stain reaction, it is possible to establish 


the identify of anaerobes to genus level (as in Table 
30.3), and occasionally to species level. When used 
in conjunction with bile tolerance (or bile growth) 
and glucose fermentation, it can be used to replace 
the tests shown in Table 30.2. The use of GC in char- 
acterization of Gram-negative anaerobes is included 
in the further tables in this chapter, and accounts 
of GC for identification of the clostridia are given 
in Chapters 31 and 32. Technical details are given 
in specialist manuals (or see Deacon et al 1978); a 
brief account is provided in the Methods section oi 
this chapter. 
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The strictly anaerobic Gram-negative non-sporing 
rod-shaped bacteria are abundantly represented as 
commensals in the human gastrointestinal tract, 
oropharynx and female genital tract and these in- 
clude many opportunist pathogens. It is increasingly 
evident that these anaerobes are involved in a very 
wide range of clinical conditions and that charac- 
terization of individual species concerned can be 
of clinical significance. This section deals with the 
Bacteroides, Prevotella, Porphyromonas, Fusobacterium 
and Leptotrichia organisms of clinical interest; a few 
organisms isolated from other animal species are 
included in Tables 30.4-30.8. The description and 
laboratory guidelines are closely linked with the 
information given in the associated tables (see end 
of chapter). Many laboratories find it necessary to 
restrict the degree of characterization. The informa- 
tion given in Table 30.2 illustrates a short-cut 
approach in this complex field. 


Morphology 


Ranges from coccobacilli and short Gram-negative 
rods to filamentous and fusiform shapes. Pleomor- 
phism is common. All are non-sporing, but some 
may produce. swollen spherical bodies resembling 
sporing forms when wet films are examined by 
phase contrast microscopy. Most species of clinical 
interest are non-motile. 


Cultural characters 


The nutritional requirements of this heterogeneous 
group vary. Most of the species of medical interest 
grow better on enriched media such as freshly 
prepared or pre-reduced blood agar. Development 
of visible colonies of some strains may require 48 h 
or more. Some have special requirements for haemin 
and vitamin K3 (menadione). The presence of 10% 
CO, in the anaerobic atmosphere often markedly 
enhances growth. Colonial appearances vary, de- 
pending on species and culture media, from tiny 
translucent colonies to large, grey, circular or 
irregular colonies at 24—48 h. 


Biochemical activities 


Actively saccharolytic and some non-saccharolytic 
species are described. Some are proteolytic and a 
few produce other demonstrable exoenzymes that 
facilitate their early characterization (see below). 


202 


Sensitivity to physical and chemical 
agents 


These organisms vary in their sensitivity to oxygen; 
in general, colonies on solid media should be picked 
promptly for subculture. Species variations in sensi- 
tivity to dyes, bile and antibiotics can be exploited 
in simple characterization systems (Table 30.2). 


Antibiotic sensitivity 


In general, the Bacteroides are resistant to penicillin 
and produce potent cephalosporinases and peni- 
cillinases. A significant proportion of Prevotella are 
partially or markedly resistant to penicillin. The 
fusobacteria and Porphyromonas are generally sensi- 
tive to penicillin. All of these anaerobes are resistant 
to clinically achievable concentrations of the amino- 
glycosides. They are often resistant to the tetra- 
cyclines. They are generally sensitive to clindamycin, 
and virtually always sensitive to chloramphenicol and 
metronidazole. 


Serological identification 


Several different attempts pioneered by Beerens 
et al (1971) to develop a serological scheme for iden- 
uilying Bacteroides spp have been largely empirically 
based on heated or unheated whole cell antigens and 
procedures such as agglutination or immunofluores- 
cence. In 1994, when this chapter was written, no 
serological scheme was widely in use. As more is 
understood of the antigens of Bacteroides spp, more 
specific serological schemes will be developed for 
the identification of these organisms. At present, 
capsular antigens and outer membrane protein 
antiger.s both appear promising for exploitation. The 
highly heterogeneous LPS antigens have been used 
in exploratory epidemiological studies. 


Other typing methods 


Promising results are being obtained with bacteriocin 
typing, which is simpler than serotyping and may 
be of diagnostic and epidemiological value (Riley & 
Mee 1982). 


Animal pathogenicity 


Animal pathogenicity tests are not performed routinely 
for any Gram-negative anaerobe. In our limited expe- 
rience with fusobacteria, F. necrophorum is lethal for 
rabbits when injected intravenously. Various animal 
models have demonstrated that pathogenic synergy 
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exists between some facultative anaerobes such as 
Escherichia coli and Bacteroides fragilis, Prevotella 
melaninogenica or Porphyromonas asaccharolytica 
(Onderdonk et al 1977, Kelly 1978, Ingham et al 
1981). 


CLASSIFICATION OF 
BACTEROIDACEAE 


The taxonomy of the anaerobic Gram-negative non- 
sporing bacilli has been considerably revised since 
the previous edition of this book, and the taxonomic 
position of some species remains uncertain. The 
genus Bacteroides is now restricted to strongly saccha- 
rolytic, bile-tolerant species previously included in 
the Bacteroides fragilis group. Organisms that are 
saccharolytic but bile-intolerant and were previously 
included in the Bacteroides melaninogenicus/oralts 


group become Prevotella. Mainly asaccharolytic, - 


black-pigmented, butyric acid-producing organisms 
are placed into the genus Porphyromonas, while other 
asaccharolytic or weakly saccharolytic species are 
either transferred to new genera or their taxonomic 
position remains under review (Shah & Collins 1988, 
1989, 1990). Some non-anaerobic organisms that 
were previously grouped with the bacteroides have 
been transferred to capnophilic or microaerophilic 
genera including Capmocytophaga, FEikenella and 
Campylobacter, and are not discussed further in this 
chapter. Gardnerella is described in Chapter 25, but 
a note on Mobiluncus is included here. 

By 1993, there were more than 50 species and 
subspecies of Bacteroides and other Gram-negative, 
non-sporing, anaerobic bacilli. Many species occur 
as normal commensals in man, but some have much 
greater pathogenic potential than others. B. fragilis 
is accepted as the most commonly encountered 
pathogenic member, but other pathogenic associa- 
tions are increasingly recognized. Other species, 
sharing many phenotypic characteristics with the 
human isolates, are found in a wide range of animal 
species. 

Several schemes have been developed for the iden- 
tification of Gram-negative anaerobic rod-shaped 
bacteria. Those most widely used are based on 
publications of the Virginia Polytechnic Institute 
(Holdeman et al 1977, with updated information 
1993); the Center for Disease Control, Adanta 
(Dowell & Hawkins 1976); and the Wadsworth 
Hospital, Los Angeles (Sutter et al 1975). Other 
identification schemes are those of Duerden et al 
(1980) and Duerden (1990). The Gram-negative 
anaerobic rods can be readily separated into Bacter- 


oides, Prevotella, an asaccharolytic group including 
Porphyromonas, and Fusobacterium and Leptotrichia 
by simple tests (Table 30.2) and then subdivided to 
species level by further biochemical tests (Tables 
30.4-30.7, see end of this chapter). The fusobacteria 
characteristically produce major amounts of butyric 
acid with varying amounts of other fatty acids but 
excluding iso-butyric and iso-valeric acids. On the 
other hand, Porphyromonas produces major amounts 
of butyric acid with varying amounts of other fatty 
acids including iso-butyric and iso-valeric acids. 
The saccharolytic Bacteroides and Prevotella produce 
major amounts of acetic and succinic acids (see 
Table 30.3). 

Note: In the tables that give differential charac- 
teristics of important pathogens in this group of 
organisms, key reactions are indicated in bold and 
these provide a short-cut characterization procedure 
of value to hard-pressed clinical laboratories. 


Bacteroides 


This genus comprises non-pigmented, strongly sac- 
charolytic and bile tolerant organisms and currently 
includes 12 species (see Table 30.4). They are 
non-motile, non-sporing, small Gram-negative rods 
1—4 x 0.4—0.8 tm with rounded ends. Pleomorphism 
is common and large bizarre rods with round or oval 
swellings can be seen, particularly with B. fragilis, if 
fermentable carbohydrate is present. They grow well 
on freshly prepared blood agar incubated anaerobi- 
cally with 10% CO, at 37°C to produce smooth, 
circular, convex, translucent or opaque, light grey 
colonies 0.5-2 mm in diameter at 24 h that are usu- 
ally non-haemolytic, but many become §-haemolytic 
on longer incubation. All members of this group are 
resistant to penicillin. 


Bacteroides fragilis 


This organism has the characteristics of the genus 
described above. Although it is not the most 
numerous of the feecal bacteroides, Namavar et al 
(1989) suggest that B. fragilis comprises 40% of the 
Bacteroides spp associated with the colonic mucosa. 
It is the most commonly encountered member of 
the genus in a pathogenic role, occurring in post- 
operative infections associated with abdominal and 
gynaecological surgery, and in a wide range of other 
infective situations including cerebral abscess, lung 
abscess and soft tissue infections, often in concert 
with other pathogens. The infections are usually 
endogenous, often assisted by debilitating factors 
that operate locally or generally in the patient. 
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It is thought that B. fragilis owes its special patho- 
genic potential to its production of capsular material, 
but the factor or factors primarily related to the viru- 
lence of this organism are still debated. In common 
with some other Gram-negative anaerobic rods, 
B. fragilis can inhibit the effective phagocytosis and 
killing of coliform organisms in test mixtures with 
polymorphs; this is a likely explanation of the patho- 
genic synergy exhibited in mixed infections with 
these organisms. Aggressins produced by B. fragilis 
that may contribute to virulence include a range 
of proteases, neuraminidase, DNase, heparinase and 
other enzymes. Enterotoxigenic strains of B. fragilis 
have been isolated from man and animals. In addi- 
tion to this range of biochemical activity against 
complex substrates, the organism has other activities 
including the ability to hydrolyse aesculin and to fer- 
ment several sugars actively; the latter characteristics 
are of use in sub-classification (see Table 30.4). B. 
fragilis produces very potent fi-lactamases and these 
preclude the use of antibiotics of the penicillin 
series and most of the cephalosporin drugs, though 
cefoxitin has some activity. Some strains are resistant 
to the lincomycins. All but a very few strains are 
sensitive to metronidazole, which is most often the 
drug of choice. 


Prevotella 


This genus (Table 30.5) comprises saccharolytic, 
bile-sensitive species, some of which produce black- 
pigmented or brown colonies on blood-containing 
media. The pigmented species P. melaninogentca, 
P. intermedia, P. corporis and related organisms not 
specified here are non-motile, non-sporing, small 
Gram-negative rods, 0.6-2 x 0.441m, often cocco- 
bacillary, and sometimes pleomorphic in broth 
cultures. They grow well on freshly prepared blood 
agar supplemented with menadione 1 ig/ml incu- 
bated anaerobically plus 10% CO, at 37°C. At 24h 
colonies may be very small; at 48h they are 1 mm, 
smooth, circular, convex and opaque. The colour 
of the colony changes from light grey, through tan 
and brown, to black. Speed of pigment development 
is enhanced on lysed blood agar, or by spotting a 
haemolytic organism on to an inoculated blood agar 
plate before incubation. Detectable development of 
pigment by some species may take up-to ’7 .days- or 
more. Colonies of P. melaninogenica on blood agar, 
and cells of the species in pus or on wound swabs, will 
fluoresce brick-red when subjected to long-wave 
(365 nm) UV light (Myers et al 1969). 
Non-pigmented members of this group include 
P. orahs, P. bivia and P. disiens. Several new species 
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have recently been recognized and are included in 
Table 30.5. The cellular and colonial morphology 
is similar to that of the pigmented members, except 
that cells are often slightly larger and colonies are 
light grey to light tan and do not fluoresce brick-red. 

Prevotella spp are associated with periodontal! dis- 
ease, gingivitis, dental abscesses, maxillo-facia! sep- 
sis, lung abscess and cerebral abscess. The infections 
are often mixed. Prevotella intermedia, together with 
Porphyromonas gingivalis, Fusobacterium nucleatum 
and Actinobacillus actinomycetemcomitans are particu- 
larly associated with various forms of periodontal 
disease and gingivitis. In acute ulcerative gingivitis 
(Vincent’s infection) Prevotella intermedia organisms 
occur in pathogenic synergy with Vincent’s spirochaete 
and a fusiform organism which may be Fusobacterium 
nucleatum or Leptotnchia buccalis, The appearances 
in a Gram smear are diagnostic (Ch. 34). Pigmented 
and non-pigmented members of Prevotella and 
Porphyromonas are associated with infections of the 
female genito-urinary tract. ‘These are assumed to 
be endogenous as the organisms are encountered 
frequently (but not invariably) as components of 
the commensal flora of that site. However, B. fragilis 
is still regarded as the commonest Gram-negative 
anaerobic pathogen in female genital tract infections 
(see Duerden 1980, 1984). 


Asaccharolytic group 


This group (Table 30.6) comprises non-saccharo- 
lytic or weakly saccharolytic, usually bile-sensitive, 
species of anaerobic Gram-negative rods, some of 
which produce black-pigmented colonies on blood- 
containing media. The pigmented species, com- 
prising Porphyromonas and ‘Bacteroides’ levit, are 
non-motile, non-sporing, small Gram-negative rods, 
1 x 0.6 um, often coccobacillary and pleomorphic. 
Colonies on freshly prepared blood agar are similar 
to pigmented Prevotella spp. 

The non-pigmented members of this group com- 
prise Bacteroides spp whose taxonomic position is 
uncertain, or genera previously included in the 
Bacteroides. Cell and colonial morphology vary 
among the species. Tisserella praeacuta is motile, 
colonies of Bacteroides ureolyticus burrow into the 
surface of agar plates and Bilophilia wadsworthii is 
bile-tolerant. 


Fusobacteria and Leptotrichia 


Representative species of fusobacteria are listed in 
Table 30.7. 
‘These organisms tend to occur in mixed infections 
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such as putrefactive necrotic fusospirochaetal con- 
ditions with much tissue destruction, as in cancrum 
oris, other maxillo-facial infections (sometimes fol- 
lowing surgical excision for neoplastic disease), septic 
abortion and lung abscess. Sometimes a fusobacterial 
infection can be fulminating and can advance with 
great rapidity from a sore throat syndrome to a 
necrotizing pneumonitis: Fusobacteria are com- 
monly involved in dental and periodontal infections, 
ulcerative gingivitis (see above), liver abscess and cer- 
ebral abscess. Fusobacteria and other Gram-negative 
anaerobic rods are often involved in concert or sepa- 
rately in necrotizing conditions variously described 
as anaerobic cellulitis, necrotizing fasciitis and derm- 
al gangrene. The occurrence of these organisms 
in mixed infections with foul pus is common in in- 
fected pilonidal cysts, perianal abscesses, balanitis, 
and ulcers of the leg and buttocks, including diabetic 
ulcers and bed sores. Some species of fusobacteria 
produce long slender Gram-negative rods that are 
wide at the centre and taper towards the ends (fusi- 
form), but others produce cells that range from 
coccobacilli to long slender rods with parallel sides 
and these are indistinguishable from other members 
of the Bacteroidaceae. Isolation is best on blood 
agar plates containing neomycin and vancomycin.” 
They are strict anaerobes, non-motile, sensitive to 
metronidazole, and tolerant of gentian violet. After 
incubation at 37°C for 48h colonies usually have a 
raised, irregular or crenated edge, a peaked centre, 
and may be striate and granular. 

Fusobacterium nucleatum is the type species of 
the genus; several subspecies have been proposed. 
They are slender spindle-shaped Gram-negative 
rods, 5-10 x 1 zm, with tapering pointed ends and 
occasionally with central or eccentric swellings. After 
incubation for 48 h on freshly prepared blood agar, 
colonies are 1-2 mm, irregular, low convex, trans- 
lucent or opaque, grey and non-haemolytic. The 
organisms are weakly or non-saccharolytic, non- 
proteolytic and non-motile. 

Fusobacterium necrophorum has two subspecies. 
F. necrophorum subsp. necrophorum produces a 
uniform turbidity in broth cultures and grows as 
rods and filaments 1-100 x 0.5—0.8 um; it is more 
pathogenic than F. necrophorum subsp. funduliforme, 
which produces a dense floccular precipitate in 
broth cultures and grows as coccobacilli 0.8-1.2 x 
0.5-0.8 um in chains and clumps. Human isolates 
produce the latter type of growth and cellular 
morphology. Both subspecies are Gram negative, 
non-motile and non-sporing. At 48 h, colonies are 
0.2—-2 mm, round, convex or umbonate, translucent 
or opaque, grey and B-haemolytic; colony variation 1s 


common, Lipase is produced,* but the incubation 
time required to demonstrate this varies between 
isolates. 

Leptotrichia buccalis. This organism Is characteristi- 
cally seen in Gram smears of clinical specimens as 
long Gram-negative rods of considerable width and 
with terminal tapering; individual cells may be up to 
15 x 1.5m. It is sensitive to metronidazole and = 
tolerant of gentian violet. Colonies on blood agar 


_after incubation for 48 h are 2-3 mm, very irregular 


and often striate. Leptotrichia has been regarded as 
essentially commensal in the human mouth, but 
pathogenic associations with other bacteria in the 
oropharynx are likely to be accepted. 


Laboratory diagnosis of infections 
involving Gram-negative anaerobic rods 


The specimens should ideally be of pus, wound exu- 
date, tissue or blood which has been transported to 
the laboratory in-a closed syringe or in a container 
that has been flushed out with nitrogen. Swabs are 
not ideal; if they must be used, they should be inocu- 
lated on to the media directly, or transported to the 
laboratory in a reduced transport medium, or thrust 
into a semi-solid agar medium to avoid desiccation 
in transit. On receipt, specimens must be processed 
without delay. Clinical specimens containing Gram- 
negative anaerobic rods can be handled briefly on 
the open bench and surface plating is suitable, pro- 
vided that it is expeditious. An anaerobic cabinet 
(Ch. 6) is not essential, but can be useful if single 
specimens arrive sporadically or if cultures are to 
be checked regularly. Freshly poured plates or pre- 
reduced plates should be used. When seeded with a 
suitable inoculum, media should be promptly placed 
in an anaerobic environment with 10% CQO, and 
incubated, The steps in a routine investigation are 
as follows: 


1. Make a direct examination of the specimen. 
Note whether it has a fou! smell. Observe under a 
long-wave (365 nm) UV lamp for brick-red fluores- 
cence, which suggests the presence of Prevotella 
melaninogenica. Consider preparing an ether extract 
of the specimen for direct examination by gas 
chromatography* (Holdeman et al 1977). 

2. Prepare films for phase contrast microscopy 
and Gram stain. Observe characteristic morphology: 
non-motile, pleomorphic, coccobacillary or small, 
short rods to fusiform or filamentous, Gram negative. 

3. Inoculate on to two plates each of blood agar 
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* Refer to Methods at the end of this chapter. 
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(Columbia base containing 4 or 8% whole blood and 
1 or 2% freeze-thawed lysed blood and menadione 
l jig/ml*) and two selective blood agar plates.* Pri- 
mary sensitivity tests can be made at this stage by 
placing discs, e.g. metronidazole 5 yg and penicillin 
1 or 2 units, on the first series of streaks. Also seed 
a tube of pre-reduced cooked meat broth (CMB). 

4. Incubate one blood agar plate aerobically and 
the rest anaerobically with 10% CO, at 37°C. Check 
the CMB, the blood agar and one selective plate 
after 24h. Leave the remaining selective plate 
undisturbed for 48 h. 

5. Examine plates for typical colonies. Re-incubation 
of the 48 h plate may be necessary for slow growers. 
Examine CMB enrichment by microscopy, and 
subculture as in (3). 

6. Pick single, well isolated colonies and subculture 
into pre-reduced CMB for subsequent identification 
by biochemical tests and gas chromatography.* 

7. Identification to generic or group level is by 
observing the tolerance of the organism to bile and 
gentian violet,* its resistance to a range of anti- 
biotics* and its ability to ferment glucose, or by a 
combination of some of these together with the 
short-chain fatty acid profiles found by gas chroma- 
tography. Full identification to species level is by 
selecting the appropriate biochemical tests as indi- 
cated in Tables 30.1—30.7. A more detailed approach 
is described by Bennett & Duerden (1985). 





MOBILUNCUS “SPECIES. 


These are anaerobic or microaerophilic, curved, 
Gram-negative or Gram-variable rods and they are 
motile with two or more subterminal flagella. 
Mobiluncus spp have antibiotic sensitivity profiles 
that are more typical of Gram-positive organisms, 
and some features of their cell wall structure are more 
typical of Gram-positive cells, but this is debated. 
‘The organisms may occur in the vagina of apparently 
healthy women, but seem to have an association with 
non-specific or bacterial vaginosis. The organisms 
are fastidious and grow slowly at 33—37°C, producing 
round, entire, convex, smooth, translucent, colour- 
less colonies, 2-3 mm in diameter, after anaerobic 
incubation on blood agar medium for 5 days. A suit- 
able selective medium is blood agar supplemented 
with colistin 10 jig/ml and nalidixic acid 10 ug/ml. 
Two species are currently recognized, M. curtisi and 
M. mulieris. Both accepted species are saccharolytic, 
but can be differentiated as follows: 

M. curtisi is 1.7 x 0.5 um, Gram-variable, metro- 
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nidazole resistant, and gives positive results in tests 
for hippurate and arginine hydrolysis and ONPG. 
Small amounts of acetic acid and major amounts of 
succinic acid are produced in glycogen-containing 
media. 

M. multeris is 2.9 x 0.5 um, Gram-negative, metro- 
nidazole sensitive, and gives negative reactions in 
tests for hippurate and arginine hydrolysis and 
ONPG. Major amounts of acetic and succinic acids, 
and sometimes small amounts of lactic acid, are 
produced in glycogen-containing media. 





ANAEROBIC COCCI 





Strictly anaerobic Gram-positive cocci have been 


. assigned to the genera Peptococcus, Peptostreptococcus, 


Coprococcus, Ruminococcus and. Sarcina; strictly 
anaerobic Gram-negative cocci are included in 
Veillonella, Megasphera and Acidaminococcus. This 
brief account is restricted to Peptococcus, Pepto- 
streptococcus and Vetllonella, as these are the genera 
most commonly associated with clinical infections. 
Most of the peptococci have now been reclassified 
as peptostreptococci. Peptococcus niger is the only 
surviving member of the genus Peptococcus (see Table 
30.8 and Ezaki et al 1983). 

Many species of anaerobic cocci are commonly 
found as commensals on the human skin, in the 
female genital tract, in the oropharynx, and in the 
gastrointestinal tract. These commensal organisms 
may contaminate clinical specimens. Anaerobic cocci 
may nevertheless be significant pathogens in intra- 
abdominal infections, brain abscesses, empyema and 
aspiration pneumonias, hepatic abscesses, infections 
of the female genital tract, or infections following 
maxillofacial surgery in debilitated patients. An asso- 
ciation of anaerobic cocci with infected sebaceous 
cysts is recognized, and anaerobic cocci may also 
occur in many mixed infections of skin and soft 
tissues. 

The anaerobic cocci are generally sensitive to 
metronidazole and penicillin, and to a wide range 
of other antumicrobial drugs including tetracycline, 
erythromycin, chloramphenicol, clindamycin and the 
cephalosporins. However, variations in sensitivity 
make it necessary to check the susceptibilities of 
isolates in the laboratory. Some cocci that may seem 
to be anaerobic on primary isolation but are resistant 
to metronidazole can be shown on subculture to 
grow aerobically, or microaerophically, or in a CO,- 
enriched atmosphere; these isolates are not true 
anaerobic cocci (Watt & Jack 1977). 


[ en = 


7 a oe = =a ~~4 . . 
fea. abe dk ee eee a i ll eS es 





Laboratory diagnosis of anaerobic cocci 


Table 30.8 indicates some of the representative 
species and a range of useful tests. Metronidazole 
sensitivity is used to differentiate true anaerobic cocci 
from those that may seem to be anaerobic on primary 
isolation. Vancomycin resistance is typical of Gram- 
negative anaerobic cocci. The peptococci and some 
species of peptostreptococci are resistant to novo- 
biocin. Most strains of Peptostreptococcus anaerobius 
are sensitive to sodium polyanetholsulphonate 
(Liquoid), giving inhibition zones of more than 
12mm diameter with discs containing 100g 
Liquoid/disc; most other anaerobic cocci are resistant 
in this test. The species noted below merit special! 
attention. 

Peptostreptococcus anaerobius. Spherical or lanceo- 
late Gram-positive cocci, diameter 0.8 1m. Short 
chains with some single and paired cocci are seen in 
smears from broth culture. Abundant gas produced 
in broth culture. Colonies on blood agar after 
anaerobic incubation with 10% CO, for 24 h at 37°C 
are 0.5—1.5 mm in diameter, round, convex, shiny, 
opaque, grey and non-haemolytic. After further 
incubation, colonies may become slightly irregular 
in outline, umbonate, with a light grey centre and 
darker grey periphery. 

Peptostreptococcus magnus. Spherical Gram-positive 
cocci, diameter 0,8—1 tum. Small and large irregular 
masses with some single and paired cocci are seen 
in smears from broth culture. Slight gas production 
in broth culture. Colonies on blood agar after incuba- 
tion for 24h are very small, round, convex, shiny, 
opaque, grey and non-haemolytic. 

Peptostreptococcus asaccharolyticus is similar to P. 
magnus, but colonies on blood agar after incubation 
for 24h are usually 0.8—1 mm in diameter. Despite 
its name, it produces abundant gas in broth culture. 

Veillonella parvula. Spherical Gram-negative 
cocci, diameter 0.3-0.5 4m. Diplococci and single 
cocci with some clusters are seen in films from broth 
culture. Abundant gas is produced in broth culture. 
Colonies on blood agar after incubation for 24h 
are very small, round, convex, shiny, opaque, light 
grey and non-haemolytic. 
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Growth factors for anaerobes 


The inclusion of reducing substances (cooked meat 
particles, cysteine hydrochloride, sodium thioglycollate, 
glucose) in culture media improves the growth of 
anaerobic bacteria. Some anaerobes have a require- 
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ment for other growth factors that are not present in 
the basal media; the addition of haemin and menadione 
(vitamin K3) enhances the growth of many species of 
Gram-negative anaerobic rods. There are claims that 
the growth of anaerobic cocci is enhanced by Tween 
80 (Holdeman et al 1977); the authors could not 
demonstrate this effect in PPY medium. Fumarate and 
formate are required for the growth of Bacteroides 
ureolyticus, B. gracilis and Wolinella spp, all of which 
are currently under taxonomic review. 


Haemin and menadione 


Haemin 500 ug/ml. Dissolve 50 mg haematin hydro- 
chloride in 1 ml of 1 mol/litte NaOH solution, and make 
up to 100 ml with distilled water. Filter sterilize. 

Menadione 100 ug/ml. Dissolve 10 mg menadione 
in 2 ml ethanol, and make up to 100 mi with distilled 
water. Filter sterilize. Protect from light. 

Equal volumes of haemin and menadione solutions 
can conveniently be mixed before storage. They are 
added to ali media for growth of Gram-negative 
anaerobic rods, but can safely be added to all media for 
growth of anaerobes with no apparent inhibitory effect. 
The final concentrations in the medium should be 
haemin 5 pg/ml and menadione 1 g/ml. 


Cysteine HC! 3.75% 


Dissolve 3.759 \-cysteine hydrochtoride in 100m! 
distilled water. Autoclave at 121°C for 20 min. The final 
concentration in the medium should be 0.075%. 


Sodium carbonate 2% 


Dissolve 2g Na,CO, in 100 mi distilled water. Filter 
sterilize. The final concentration in the medium should 
be 0.04%. _ 


Tween 80 5% 


Mix 5 m! Tween 80 and 95 ml distilled water. Autoclave 
at 121°C for 20min. The final concentration in the 
medium should be 0.02-0.1%. 


Media for anaerobes 


Many media in general use are given in Chapter 5. 
Here we list several media that are specially modified 
for anaerobic work. 


Anaerobe investigation medium (AIM) 


Proteose peptone (Oxoid) 20g 
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Yeast extract (Oxoid) 5q 
Trypticase (BBL) 5g 
NaC] 5q 
Cysteine HCI (3.75% aqueous solution) 20 mi 
Na,CO, (2% aqueous solution) 20 ml 
Haemin + menadione solution (see above) 20m 
Distilled water 940 mI 


Dissolve the irigredients in distilled water and adjust 

to pH 7.1. Dispense and autoclave with caps loose at 
121°C for 15 min. Tighten caps on removal from the 
autoclave. Pre-reduce anaerobically + 10% CO, for 
24 h before use. 
Note: This medium is suitable for use in all broth- 
based biochemical tests listed in Chapters 30, 31 and 
32, and for gas chromatography cultures. When used 
with cooked meat particles (see below) it makes an 
excellent medium for the growth of most anaerobes. 


AlM/cooked meat broth (AIM/CMB) 


This is prepared by adding AIM to cooked meat parti- 
cles (CMP, see Ch. 5) before autoclaving at 121°C 
for 15 min. 


Universals 2cm CMP + 15-20 ml AIM 
Bijoux 1 cm CMP + 3-5 ml AIM 
75 x 12 mm metal 

capped tubes 11cm CMP + 3-4 ml AIM 


Pre-reduce as above before use. 


Thioglycollate medium 


For fermentation and urease tests use Thioglycollate 
medium, without glucose or indicator (BBL), supple- 
mented with 0.25% Yeast extract (Oxoid) and 0.25% 
sodium succinate as an alternative to AIM. Dispense 
in 5 ml volumes and autoclave at 121°C for 20 min. 


Proteose peptone—yeast extract broth 
(PPY) 


Proteose peptone (Oxoid) 2% 
Yeast extract (Difco) 1% 
NaCl 0.5% 


Dissolve the ingredients in distilied water and adjust 
the pH to 7.4. Dispense in 5 ml volumes and autoclave 
at 121°C for 20 min. For use, drive off dissolved oxygen 
by placing in boiling bath for 10 min, then add: 


0.1 ml 
0.1 ml 


Note: PPY medium can be used as an alternative 
to AIM. 


L-cysteine HCl, sterile 3.75% solution 
Na,CO,, sterile 2% solution 
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Blood agar for anaerobes 


The basic medium is Columbia agar (Oxoid). It is 
autoclaved .at.121°C for.20 min and cooled to about 
50°C, when the following are added to give: 


Blood agar: 5% defibrinated horse blood. 

Lysed blood agar: 5% saponin-lysed horse blood, 
and menadione to 1 g/m. 

Combined blood/lysed blood agar: 4% whole blood, 
1% freeze-thawed lysed blood and 1 pg/ml menadione. 
(Use of this medium allows haemolysis to be de- 
tected, and speeds up the formation of pigment by 
Porphyromonas and pigmented species of Prevotelia.) 


Selective blood agar 


A range of agents can be added to any of the above 
blood agar media to make them selective for 
anaerobes as follows (the concentrations given are 
the final concentrations in the complete medium): - 


Selective medium for anaerobes. Add gentamicin 
10 or 20 pg/ml. 

Selective medium for bacteroides. Add kanamycin 
75 pg/ml and vancomycin 7.5 g/ml. 

Selective medium for prevotella. Add kanamycin 
75 pg/ml and vancomycin 2.5 pg/ml. 

Selective medium for porphyromonas. Add kanamycin 
75 ug/ml. | 

Selective medium for fusobacteria. Add neomycin 
100 pg/ml and vancomycin 7.5 p10/mI. 

Selective medium for clostridia. Add neomycin 
70 wa/mi. 


‘Minitest’ system for the identification of 
anaerobes 


Ail liquid tests are done in sterile metal-capped 
Wasserman tubes (WR tube, 75mm x 12mm) con- 
taining 1 ml of Anaerobe Investigation Medium (AIM) 
+ substrate, or 3 mi AIM + 1% glucose for GC analysis, 
or AIM/CMB. For most tests, stock substrate 
solutions are prepared in distilled water at 10x the 
final test concentration, sterilized, and held at 4°C. 
Small batches of selected tests can then be prepared 
by aseptically dispensing 100 ul volumes of these 
substrates per ml of final medium volume into sterile 
WR tubes and storing at 4°C for up to 4 weeks. For use, 
1 ml: (3 ml for GC) of AIM is added to the substrate- 
containing and control tubes and they are then incu- 
bated anaerobically + 10% CO, at 37°C for 24h to 
stabilize the pH, pre-reduce them and to test for sterility. 

Substrates that are insufficiently soluble are pre- 
pared directly at the test concentration in AIM, sterilized 
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and held at 4°C. For use, they are aseptically dis- 
pensed in 1 mi volumes in WR tubes and pre-reduced 
as above. 


Fermentation tests 


Prepare 10% (w/v) aqueous solutions of the following 
test substrates and filter sterilize: p(+) glucose, 0 lac- 
tose, sucrose, 0(+) maltose, p(+) mannose, D mannitol, 
p(+) melibiose, p(+) xylose, inositol, (+) rhamnose, p(+) 
trehalose, (+) cellobiose, o(—) fructose, p(+) raffinose, 
o(—) ribose, p(+) galactose, t(+) arabinose, glycogen, 
p(+) melezitose, salicin, D sorbitol, p amygdalin and 
adonitol. Store at 4°C. Use at 1% fina! concentration. 

Soluble starch and xylan are prepared as 5% 
aqueous solutions and sterilized by tyndallization. 
These stock solutions are added to AIM (if necessary, 
after heating to redissolve the reagent) to give a 1% 
final concentration and stored at 4°C. 

Aesculin is prepared as a 1% solution in AIM. Heat 
to dissolve and adjust to pH 7.1. Autoclave at 121°C 
for 15 min and store at 4°C. 

After inoculating the test organism, incubate anaero- 
bically with 10% CO, at 37°C for 24 h, or up to 4 days 
until reasonable growth occurs. A seeded tube of 
AIM without carbohydrate is incubated as a reference 
control. Read the results with a pH meter or by adding 
a suitable pH indicator solution (e.g. a 20-30 pl drop 
of 0.1% aqueous bromothymo! blue solution). If a pH 
meter is used, the test is regarded as positive if the 
pH falls 1 unit or more below that of the carbohydrate- 
free reference control or if the test pH is 5.5 or less. 
if the indicator is used, a yellow colour indicates a 
positive result, and a green colour indicates a negative 
result. It is not advisable to incorporate an indicator 
into the culture medium at the start as indicator dyes 
may be decolourized, sometimes irreversibly, under 
anaerobic conditions. Some dyes are inhibitory to the 
growth of some anaerobes. When equivocal results 
are obtained with the indicator solution, they should be 
verified with a pH meter. 


Urease 


Prepare a 10% aqueous solution of urea and filter 
sterilize. Store at 4°C. The test is done in AIM + 1% 
urea. Results are read as for fermentation tests; the test 
is regarded as positive if the pH rises > 0.5 unit above 


the substrate-free reference control culture, or if the | 


indicator turns blue. 


indole production 
Extract 1 ml of AIM culture with 0.2 ml toluene. Gently 
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layer 0.2 mi Ehrlich's indole reagent on to the liquid in- 
terface. A red/purple colour indicates a positive result. 


Nitrate reduction 


Prepare a 2% aqueous solution of potassium nitrate 
(KNO.) and sterilize by autoclaving at 121°C for 15 min. 
Store at 4°C. 

The test is done in AIM + 200 pg/ml KNO3. Results 
are read by adding 50 ul of reagent 1 followed by 50 pl 
of reagent 2. A red colour indicates the presence of 
nitrites. 

Reagent 1. Add 100 mi distilled water and 30 ml 
glacial acetic acid to 0.5 g sulphanilic acid and allow 
to dissolve, 

Reagent 2, Dissolve 0.2 g Cleves acid (5-amino-2 
naphthalene sulphonic acid) in 120 ml distilled water by 
warming in a water-bath, then add 30 ml glacial acetic 
acid. 


Catalase production 


Add 100 ul! hydrogen peroxide solution (30% w/v) to 
1 ml culture in AIM. Release of gas bubbles indicates 
a positive reaction. 


Aesculin hydrolysis 


Prepare a 2% aqueous solution of aesculin, adjust pH 
to 7.1 and sterilize by autoclaving at 121°C for 15 min. 
Store at 4°C. 

The test is done in AIM + 0.2% aesculin. Results are 
read by adding 50 ul of a 1% aqueous ferric ammonium 
citrate solution to the test culture. A black colour after 
2 min indicates a positive result. 

Note: Renew the ferric ammonium citrate solution when 
it changes from green to. brown. 


Gelatin digestion and meat digestion 


Prepare charcoal gelatin discs by a modification of 
Kohn’s method (1953). Dissolve 12.5 g gelatin (Difco) 
in 100 ml nutrient broth (Oxoid No. 2). Add 5 g of finely 
powdered charcoal, pour the mixture into flat dishes 
to a depth of c. 3mm and allow to solidify at 4°C. Hold 
the charcoal gelatin in 4% aqueous formaldehyde 
solution at room temperature for 5 days and then, after 
rinsing briefly in tap water, cut 1. cm discs. Leave the 
discs in running tap water for 48h or longer, until all 
the formalin is removed. Test this by placing ane of 
the discs on a nutrient agar plate that has been flood- 
seeded with a 24h culture of the Oxford strain of 
Staphylococcus aureus. When no, or vi rtually no, zone 
of inhibition occurs, the discs are considered free from 
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formaldehyde. Place the discs in sterile bottles, cover 
with sterile distilled water and finally pasteurize by 
heating at 70°C for 20 min. Store at 4°C. Test a random 
sample of the discs for sterility and stability by incubation 
in CMB for at least 14 days. 

Gelatin digestion is done in AIM/CMB. Aseptically 
add 1 charcoal gelatin disc to a tube of the medium 
before pre-reducing. Inoculate with the test organism 
and incubate for 14 days. Release of charcoal indicates 
digestion of the gelatin. 

Meat digestion is observed in the same AIM/CMB 
used for gelatin digestion. Blackening and reduction 
of meat particle size and volume indicate digestion. 


Gas chromatography (GC) 


Metabolic products 


This procedure can be used with cultures of test 
organisms, or directly with pus or exudate. Grow 
cultures for 48 h or longer in 3 mi of AIM medium con- 
taining 1% (w/v) glucose (AIMG). After acidification 
to c. pH 2 with 0.1 mi of 50% H.SO,, remove the bacte- 
ria and insoluble material by centrifugation at 1500 g 
for 20 min and store the supernatant at 4°C. For analy- 
sis of volatile fatty acids (VFA) and alcohols, prepare 
ether extracts in glass stoppered tubes by adding 
0.4g NaCl, 0.2m! 50% H,SO, and 1.5 ml tert-butyl 
methyl ether (TBME) to 1 ml of prepared culture super- 
nate. After gentle, but thorough, mixing, allow the 
phases to separate before carefully removing the 
upper (TBME) layer. inject samples (1 1!) into the GC 
column. It is possible to obtain VFA profiles by injecting 
samples (1 1!) of acidified culture supernatant directly 
onto some GC columns (Deacon et al 1978) but 
these columns become contaminated and the packing 
must regularly be replaced. Ether extraction is essential 
for samples of pus or exudate. For non-volatile fatty 
acids (NVFA) (lactic, succinic and phenylacetic), 
methylate samples in glass-stoppered tubes by adding 
0.4g NaCl, 0.2 ml 50% H,SO, and 1 m! methanol to 
1 ml of prepared culture supernate. After gentie mixing 
either leave overnight at room temperature, or heat at 
60°C for 1h. Add 1 mi distilled water and, after gentle 
mixing, 1.5 ml TBME. After mixing gently, but thoroughly, 
allow the phases to separate before carefully removing 
the upper (TBME) layer. If an emulsion forms, centri- 


fuge at 500 g for 5min. Inject samples (1!) on to » 


the GC column. (TBME extraction procedures modified 
from Thomann & Hill, 1986) ,' 
Following separation of the acids in the column, 
they are detected and then recorded as a series 
of peaks on a chart recorder, Identification and 
quantitation of the substances producing these peaks 
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is done, either manually or automatically, by com- 
paring the retention time and peak area respectively 
with peaks produced by standard amounts of known 
"1s: eB a 

Useful column packings for analysing metabolic 
end-products include: FFAP, SP 1220 (15%) + H,PO, 
(1%) or SP 1000 + HzPO, (1%) on 100/200 Chromosorb 
WAW (Supelco), and Chromosorb 101, 100/120 mesh 
(Supelco or ioe Sep), 


| 
Conversion of lactate and threonine to 
propionate 
Lactate. Prepare a 10% aqueous solution of sodium 
lactate by making up 1.42 ml! of a 70% solution of 
sodium lactate to a total of 10 ml with distilled water. 


Filter. sterilize and store at 4°C. Use at 1% final - 


concentration. 

Threonine. Prepare a 3% aqueous solution of ox 
threonine. Autoclave at 121°C for 15 min and store at 
4°C. Use at 0.3% final concentration. 

Cultures in AIM, and AIM + lactate or AIM + threonine 
are examined for VFAs. Increased propionic acid pro- 
duction in the medium containing lactate or threonine 
compared with production in the basal AIM indicates 
a positive result. 


Bile growth/stimulation 


Prepare a 20% (w/v) aqueous glucose solution and 
filter sterilize. 

Prepare a 40% (w/v) aqueous solution of ox-bile 
(Oxoid) and sterilize by autoclaving at 121°C for 
15 min. 

Prepare a glucose/bile solution by aseptically mixing 
equal parts of the above solutions. Store at 4°C. 

Tests are done in AIM+ 1% glucose and 2% bile. 
Results are read by observing growth or inhibition 
of growth in this medium. ‘Stimulation’ of growth is 
recorded if the turbidity in this medium is greater 
than that in AIM + 1% glucose after similar incubation 
times. 


Tolerance tests 


Prepare a 1 g/litre aqueous solution of Gurr’s gentian 
violet (BDH) and sterilize at 121°C for 15 min. 

Prepare a 5% aqueous solution of sodium taurocho- 
late and sterilize at 121°C for 15 min. 

The basal medium is prepared by adding 0.25% 
Yeast extract (Oxoid) and 0.25% sodium succinate 
to Columbia agar base. After autoclaving and cooling 
to about 50°C, add haemin 5yg/m! and menadione 
1 ug/ml, and the inhibitory agents as follows: control 
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medium, no further additive; bile medium, 0.5% sodium | 
taurocholate; gentian violet medium, gentian violet to 


a final concentration of 1 in 100 000. 

Tests are done by seeding each of the 3 media 
with 20 ui! of starter CMB culture, and the inocula are 
spread over about 1/6 of the area of the plate. After 
incubation for 48 h or longer, plates are observed for 
growth or inhibition. Set up known control organisms 
with. each batch of tolerance plates. Suitable control 
strains and expected results are shown in Table 30.9. 


Antibiotic resistance tests 


These tests are useful in the characterization of some 
anaerobes. Note that some of the substances are 
used at levels that could not be safely achieved 
therapeutically; these tests should not be confused 
with antibiotic sensitivity tests. 

Freshly prepared blood agar plates are seeded by 


spreading 20 pl of starter CMB culture on the surface 
with a glass spreader. The diameters of the zones of 
inhibition are measured after 24 h incubation, or when- 
satisfactory growth occurs. A zone of <15mm Is 
considered to indicate resistance. 

The following test discs should be used: neomycin, 
1000 j1g/disc; kanamycin, 1000 j1g/disc; benzyipenicillin, 
2 units/disc; metronidazole, 5 ig/disc; vancomycin, 
5 ug/disc; novobiocin, 5pg/disc; Liquoid (sodium 
polyanethol sulphonate), 100 pg/disc. 


Lipase production 


This test is done on AIM agar (AIM + 1.2% agar) 
containing 5% egg-yolk suspension. 

A positive result is indicated by the presence of an 
overlying iridescent ‘pearly layer’ and an underlying 
opalescence that is restricted to beneath the colony 
and the pearly layer. 
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“Table 30.1. Tests required to ‘identity anaerobic: bacteria. oh it ie aa n 
"Key. E, essential; N, sometimes -nécessaty. or useful; .; :, dot necess 


Test 





No growth in air 

No growth in air + 10% CO, 

Gram stain reaction 

Gell morphology 

Spore shape and position 

Motility 

Colonial morphology 

Colony fluorescence at 365 nm 

Pigment 

Phospholipase 

Lipase 

Bile and dye tolerance 
Sodium taurocholate i 
Gentian violet 

Antibiotic resistance 


Kanamycin 1000 ug © 
Neomycin 1000 ug 
Penicillin 2 units. 


Metronidazole S Lg 

Indole 

Aesculin hydrolysis 

Urease 

Nitrate reduction 

Catalase 

Gelatin digestion 

Meat digestion — 

Coagulase 

Alkaline phosphatase 

Toxin test 

Gas chromatography 
Short chain fatty acids 
Lactate — propionate 
Threonine — ie i aban 

Fermentation 


«Bile growth’ 


WA few species are aerotolerarit: 
°Use as an alternative to bile tolerance, 
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Tests required for the identification of 





Bacteroides 
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Glucose 
Lactose 
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Pattern of results obtained with strains of eet. a 
Bacteroides  Prevotella Asaccharolytic group Fusobacterium 








Antibiotic resistance* 
Neomycin 1000 jig R 
Kanamycin 1000npg =—Ss«#R 
Penicillin 2 units — RF 
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# Amount of antibiotic in disc is given. 
’ See Methods. 
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Table 30.3 ldentincation © - anaerobic bacteria to. genus level by gas:chromatography, cell morphology and Gram-stain * 
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Gram negative Gram positive 
Rod-shaped bacilli Rod-shaped bacilli 
a. Peritrichous flagella or non-motile a. No spores present , 
+. Lactic acid only major product Leptotrichia 1. Lactic acid only major product Lactobacillus? 
2. n-Butyric acid with no (or only 2, Lactic and acetic acids in 
trace amounts of) iso-butyric or ratio 1: >1 Bifidobacterium 
iso-valeric acids Fusobactenum 3, Acetic and propionic acids usually . 
3. n-Butyric acid with isobutyric . ‘as major products Propionibacterium? 
and/or iso-valeric acids Porphyromonas, 4. Acetic acid +/— formic acid, and Z. 
Tisserella lactic or succinic acids or both Actinomyces’ 
4. Not as (1), (2) or (3) above, and 5. m-Butyric acid + others, or acetic , . 
acetic and succinic acids usually and formic acids, or no. major 
as major products Bacteroides, Prevotelia, acids produced Eubacterium 
; Capnocytophaga® b. Spores present | Clostridium? 
b. Polar flagella, motile Campylobacter as 7 
c. Spiral cells with axial fibrils Treponema, Borrelia Cocci x 
. 1, Lactic acid only major product Streptococcus* 
Cocci 2. Nol as (1) Peptococcus 
1. Acetic and propionic acids Veilionella Peptostreptococcus 
2. Acetic and butyric acids Acidaminococcus | Ruminococcus 
3. Iso-butyric, butyric, iso-valeric | | 
and caproic acids Megasphera 





4 Although not strict anaerobes, these organisms are included because on primary isolation they may fail to grow aerobically or 
~ may only grow anaerobically. They are resistant to metronidazole. 
. ’ Some species in these genera will grow aerobically. _ 
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Test organism 


Bacteroides fragilis 
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- Prevotelia intermedia 
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Clostridia of wound infection 


J. G. Collee FR. Brown I. R. Poxton 





The genus Clostridium is composed of anaerobic 
large, straight or slightly curved Gram-positive 
spore-bearing rods, 3-8 x 0.6-1 im with slightly 
rounded ends. Gram-variable, Gram-negative and 
pleomorphic forms are common. A few species can 
grow poorly aerobically. 

General recommendations for anaerobic culture 
procedures are given in Chapter 6, and principles 
for the identification of anaerobes are outlined in the 
first part of Chapter 30, before the systematic treat- 
ments of Gram-negative anaerobes and anaerobic 
cocci. Details of special relevance to the clostridia 
are given in this chapter and in Chapter 32, For con- 
venience, we deal here with the clostridia that may 
be involved in wound infections, with brief accounts 


of the histotoxic group; Clostridium tetani and the © 


laboratory diagnosis of tetanus are dealt with sepa- 
rately at the end of this chapter. Enteropathogenic 
clostridia are discussed in the following chapter. 


identification of clostridia 


In practice the routine characterization of pathogenic 
clostridia is often limited to a few tests that will 
presumptively indicate the likely species; this simple 
approach partly explains why many laboratories have 
experience of a relatively narrow range of clostridial 
species. Accurate subdivision of the clostridia to 
species level rests upon morphological criteria, the 
results of biochemical tests and gas chromatography 
(GC), together with the identification of some spe- 
cific toxins (see, e.g. Table 31.1, and see Willis 1969, 
1977, Willis & Phillips 1983). Our approach parailels 
that adopted in Chapter 30 and is based on a'series of 
simple tests that allow precise characterization. Initial 
steps involved in characterization of clostridia and 
the range of tests of value in detailed identification 
are given in Chapter 30 (see Tables 30.1 and 30.3). 
Thereafter, the clostridia can be divided into four 
groups based on lecithinase production, and lactose 
and glucose fermentation (see Tables 31.2—31.5, at 


end of this chapter). Whenever possible, the identity 
of toxigenic species should be confirmed by specific 
toxin-neutralization tests, although it should be 
borne in mind that non-toxigenic strains may also 
occur. Even without GC or animal tests, presumptive 
identification is often possible. (Note: As in Ch. 30, 
key reactions in the tables that give differennal 
characteristics of important pathogenic species are 
indicated in bold and these provide a short-cut 
identification system for the clostridia.) 

Many of the techniques used for identification 
of clostridia are also used for other anaerobes and 
detailed instructions are given in Chapter 30; tests 
and procedures of particular relevance to clostridia 
are included here. 

All clostridia produce spores but they vary mark- 
edly in their readiness to do so; prolonged incubation 
of cooked meat broth (CMB) cultures may be re- 
quired. The spores are most readily demonstrated 
in wet films exarnined by phase contrast microscopy. 
The shape of the spore and its position in the bacillus 
is of some help in classification. C. perfringens and the 
type species C. butyricum produce capsules. Most 
clostridia are motile, but C. perfringens is not. Some 
motile species do not show active motility under 
the relatively aerobic conditions of the usual! wet film 
preparations and it may be advantageous to use a 
semi-solid agar stab (see Methods section below). 
The active motility of species such as C. septicum 
and C. sporogenes may be of advantage or of distinct 
disadvantage in the isolation of vdinia cultures on 
solid media (see below). 

Biochemical tests are important in the classifica- 
tion of many clostridia, C. perfringens, C. septicum, C. 
tertium and C. fallax are predominantly saccharolytic; - 
C. sporogenes and C. histolyticum are actively proteo- 
lytic and C. tetani is slightly proteolytic. These activi- 
ties are reflected in the cultural appearances in CMB 
(and also in litmus milk medium). The saccharolytic 
clostridia grow rapidly and vigorously in carbohy- 
drate media with production of acid and abundant 


521 


31 PRACTICAL MEDICAL MICROBIOLOGY 





gas; detailed recommendations for specific sugar 
fermentation tests are given in the Methods section of 
Chapter 30 (and see Table 30.1). When grown in 
CMB, saccharolytic clostridia rapidly produce acid 
and gas but they do not digest the meat; the cultures 
may have a slightly sour smell! and the meat is often 
reddened. Gas production is not necessarily indica- 
uve of sugar fermentation, as proteolysis may be 
accompanied by evolution of gas bubbles. 

The proteolytic clostridia digest protein and liquefy 
gelatin and coagulated serum, Cultures in meat 
medium produce blackening of the meat, decompos- 
Ing it and reducing it in volume with the formation 
of foul-smelling products. 

In Litmus milk medium, C. perfringens produces acid 
and gas. The acid clots the milk and the gas breaks 
up the clot, resulting in the ‘stormy clot’ reaction that 
is produced by almost all strains of C.perfringens 
but is not specific for this organism as various mixed 
cultures may mimic the reaction. Litmus milk 
medium does not support luxurious growth of some 
clostridia. It is of very limited usefulness in a diagnostic 
laboratory, : 

Phospholipase-C (lecithinase) and lipase activity 
can be demonstrated when cultures are grown on 
egeg-yolk media (see Methods section below). Zones of 
opacity produced in egg-yolk agar cultures of phos- 
pholipase-producing clostridia can be neutralized 
by antisera prepared against C. perfringens type A 
and C. novyi type A toxins (the Nagler effect). The 
specificity of this neutralization is: valuable in iden- 
ufication of a range of clostridia (see Table 31.2 at 
the end of this chapter). 

Gas chromatography (GC) is also of value in the 
identification of clostridia. GC used in conjunction 
with the Gram stain reaction and cell morphology 
can identify anaerobes to genus level (see Table 
30.3). The production of butyric acid by many spe- 
cies of clostridia readily differentiates them from 
some other genera of anaerobic Gram-positive 
rods (Lactobacillus, Bifidobacterium, Actinomyces and 
Propionibacterium). However, it is mecessary to 
demonstrate spores to differentiate the non-butyric- 
acid-producing clostridia from these genera, and the 
butyric-acid-producing clostridia from Eubacterium 
species. 

GC, used in conjunction with a suitable range 
of phenotypic tests, can also help to identify some 
clostridia to species level. This is especially so when 
the phenotypic characteristics are similar for more 
than one species, or when differentiation of the 
species depends on the results of tests that require 
prolonged incubation (gelatin liquefaction, spore 
production), or on tests that give variable results if 
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not done under optimal conditions (motility). Thus, 
butyric acid production differentiates lecithinase- 
positive strains of C. subterminale from C. limosum, 
and C, butyricum from C. clostridioforme; C. irregularis, 
C. cochlearium and lecithinase-negative strains of 
C. subterminale can be differentiated by butyric and 
isobutyric acid production; isobutyric acid produc- 
tion differentiates C. difficile from C. innocuum and 
C. putrificum from C. novyi type C (see Tables 31.2— 
31.5, at the end of this chapter). Recommendations 
for GC technique are given in the Methods section 
of. Chapter 30, 


CLOSTRIDIUM PERFRINGENS 


C. perfringens (C. welchiz) can be identified as outlined 
in Table 31,2 (see end of this chapter). Five types 
(A-E) are distinguished by the different combina- 
tions of major lethal toxins that they produce (Table 
31.1). C. perfringens type A occurs normally in 
numbers of about 10*/g wet weight of faeces in the 
large intestine of healthy man and animals; this is a 
median figure and the range is very wide (see Collee 
1974). The organism also occurs commonly in soil, 
water and dust and is particularly associated with 
manured cultivated soil. The classical C. perfringens 
of gas gangrene belongs to type Al. Note that 
C. perfringens food-poisoning is dealt with separately 
in Chapter 32. 


Morphology and staining 


A relatively large Gram-positive rod, about 4-6 x 
I ttm, with stubby ends, occurring singly or in pairs; 
often capsulate in tissues. In sugar media the rods 
are shorter; in protein media they may become 
filamentous. Non-motile. Spores formed, usually in 
small numbers and not in the presence of ferment- 
able carbohydrates; typically oval, subterminal or 
central and not bulging. Spores are produced in 
special media such as Eliner medium,* but here 
many bizarre forms occur and sporulation is variable, 
even with different cultures of the same strain. The 
improved sporulation media described by Duncan 
& Strong (1968)* and Phillips (1986)* are now 
recommended. 


Cultural characters 


Anaerobic, but may grow microaerophilically. 





* Refer to Methods at the end of this chapter. 
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Major lethal toxins 
Type Occurrence .. a gE 





Gas gangrene 
Al Puerperal infection 


Septicaemia + ms as 
A2 Food poisoning + - e 
bs Lamb dysentery + oe ra 
‘Struck’ in sheep ., 5 COE - 
G Enteritis in other animals _ + - - 
Enteritis necroticans in man + + ~ 
D Enterotoxaemia of sheep and 
pulpy kidney disease -. Se. + 
= Doubtful pathogen of sheep 


and cattle ce = - 


Optimum temperature range 37—45°C. Grows best 
on carbohydrate-containing media such as glucose 
blood agar. Surface colonies large, smooth, regular, 
convex, slightly opaque discs. On horse blood agar, 
colonies usually surrounded by a variable zone of 
complete haemolysis and a wider darker zone of 
incomplete haemolysis. Other types of colonies 
include one with a raised opaque centre and a flat 
radially striate transparent border. Rough flat colo- 
nies with an irregular edge resembling a vine leaf 
may also occur, A variant occasionally produces very 


mucoid broth cultures and tenacious colonies on 


blood agar. 


Biochemical reactions 


Actively saccharolytic. Ferments, with gas produc- 
tion, glucose, lactose, sucrose, maltose, mannose, 
inositol, starch and (some strains) salicin, glycerol 
and inulin; mannitol and galactito! (dulcitol) not 
fermented (see Ch. 30 for Methods). Acid and gas 
produced in litmus milk medium gives the ‘stormy 
clot’ reaction; this is produced by almost all strains 
but is not specific for this organism. The culture has 
a sour, butyric acid odour. Gelatin liquefied; coagu- 


‘lated serum not usually liquefied. In CMB the meat 


is reddened but not digested. Hydrogen sulphide 1s 
produced; sulphite is actively reduced; most strains 
reduce nitrates to nitrites. 


Viability 


Spores generally resist routinely used antiseptics 
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and disinfectants with the exception of formaldehyde 
and glutaraldehyde. The spores of classical type Al 
strains do not survive boiling for more than a few 
minutes, whereas the spores of type A2 food-poisoning 
strains and certain type C strains may be markedly 
heat resistant (see Ch. 32). 

Vegetative cells of C. perfringens are very sensitive 
to heat and disinfectants. C. perfringens is ‘sensitive 
to penicillin, erythromycin, many cephalosporins and 
metronidazole. Generally sensitive to clindamycin. 
Typically resistant to aminoglycosides. 


Toxins 


The five types of C. perfringens can be differentiated 
by their production of the four major lethal toxins 
(Table 31.1). Typing is done by a combination of 
in-vitro and in-vivo neutralization tests; for details see 
Volume 2 of the 12th Edition of this book (p. 474). 

Alpha (0) toxin is produced by all types but notably 
by type Al strains; occasional negative strains occur. 
It is lethal for laboratory animals and necrotizing on 
intradermal inoculation. The @ toxin is a Ca** 

Mg*'-dependent phospholipase, or lecithinase-~C 
(E.C, 3.1.4.3; phosphatidylcholine choline phospho- 
hydrolase). In the presence of free Ca?" or Mg”* 
it produces opalescence in serum or egg-yolk prepa- 
rations by splitting phospholipid complexes. The 
reaction can be inhibited by specific antitoxin; this is 
the basis of the Nagler test.* 

The enzyme is haemolytic for the red cells of 
most species except the horse and the goat. ‘The clear 
zones of haemolysis typically seen around colonies of 
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classical type Al strains grown on horse blood agar 
are produced by the theta (6) toxin and not by the 
©. toxin. With the red cells of the sheep in particular, 
the & toxin provides an example of a ‘hot-cold’ lysin. 
Activity may be assayed by turbidity tests with egg- 
yolk emulsion (lecitho-vitellin, LV) or human serum 
as indicator, or by haemolysis tests incorporating 
antisera to other haemolytic toxins that may be 
produced by C. perfringens. - 


Animal pathogenicity 

Virulence for guinea-pigs can be demonstrated by 
subcutaneous or intramuscular injection of 0.5-1 ml 
of a 24h culture in CMB into the thigh. A control 
animal can be protected by an injection of 300-500 
units of C. perfringens antitoxin given intraperitoneally 
24 h before challenge. In the test animal, a spreading 
inflammatory oedema develops with gelatinous exu- 
date and gas production in the tissue planes; the 
affected muscles become pink, sodden and necrotic 
and virtually liquefy at the site of injection. The 
products of growth in a young culture increase 
the organism’s aggressiveness; washed organisms are 
practically non-pathogenic. An equal volume of a 
sterile 5% solution of calcium chloride mixed with 
the inoculum just before injection increases the 
pathogenicity of a strain. 
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CLOSTRIDIUM NOVY! 





Four types of C. novyi (C. oedematiens) types A, B, C 
and D are specifically differentiated on the basis of 
the toxins or ‘soluble antigens’ that they produce; 
they can be identified as outlined in Tables 31.2 
and 31.4 (at the end of this chapter). Type A strains 
and occasionally type B strains may be associated 
with a severe form of gas gangrene in man. 


Morphology and staining 


Large Gram-positive rods (5-8 x 0.8-1 um) with 
rounded ends and peritrichous flagella. Spores oval, 
central or subterminal. 


_ Cultural characters 


Type A strains are very strictly anaerobic. Type B 
and type C strains are even more exacting, and type 
D strains are among the most exacting of the strict 
anaerobes that can be cultured as a routine on solid 
media. All types may be grown satisfactorily in freshly 
made CMB. Special solid media are required for 
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reliable surface growth of types B, C and D (see 
Collee et al 1971); these types are not typically 


associated with human disease. The following obser- 


vations relate to type A strains, which will grow on 
appropriate solid media if the atmosphere is strictly 
anaerobic; growth is enhanced by 10% CO,. Surface 
colonies are raised, opaque, sometimes dome-shaped 
and circular in very young cultures, but often 
flattened, large and irregular in older cultures. The 
colonies tend to fuse and form a spreading, some- 
times swarming, growth; tracks produced by motile 
daughter colonies may be seen. Discrete colonies 
show two zones of haemolysis on horse blood agar — 
a marrow inner zone of complete haemolysis, and 
an outer zone of partial lysis; this is not seen with 
spreading growth. On egg-yolk media, the organism’s 
gamma (‘y) toxin produces a zone of opacity caused 
by its phospholipase (lecithinase) activity which can 
be inhibited by specific antitoxin. In addition, the 
epsilon (€) toxin (a lipase) produces a pearly layer 
effect that is more restricted and overlies the 
colonies.” 


Biochemical reactions 
C. novyi type A is saccharolytic and mildly proteo- 


lytic. Ferments glucose with gas production. Some _ 


strains ferment maltose and inositol. Various other 
sugars including lactose, sucrose, fructose and 
mannose are not fermented. Changes produced in 
litmus milk medium are slight and indefinite. Gelatin 
is liquefied, but milk agar, coagulated serum and 
cooked meat are not digested. Hydrogen sulphide 
is produced, Nitrates and nitrites reduced. Type A 
strains do not produce indole or reduce sulphite 
(Rutter 1970), 


Serology 


All types seem to share at least one common surface 
antigen and this is exploited in a direct immuno- 
fluorescence procedure for the prompt identification 
of C. novyi.* 


Animal pathogenicity 


An intramuscular injection of 0,2—1 ml of an actively 
growing culture of C. novyi type A in CMB into the 
thigh muscles of a guinea-pig may cause over- 
whelming gas gangrene, with minimum gas produc- 
tion but with massive oedema. With some strains 
there may be difficulty in initiating the infection 
and the procedure outlined above for C. perfringens 
should be followed. 
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CLOSTRIDIUM SEPTICUM 


C. septicum and C. chauvoet are very similar (Table 
31.3). Both organisms occur widely in the soi! and 
in animals in health and disease, but C. septicum is 
also well recognized as a pathogen of man. It may be 
involved in gas gangrene (clostridial myositis) on its 
own or in association with other clostridia. 


Morphology and staining 


Moderately large Gram-positive rods with rounded 
ends, 3-20 x 0.6-1 um. Pleomorphic; short forms, 
swollen ‘citron bodies’ and long curved filaments 
occur; degenerate Gram-negative forms common. 
Actively motile with peritrichous flagella. Spores 
readily formed; oval, central or subterminal and 
distend the bacillus. | 


Cultural characters 


Obligatory anaerobe but less strict than C. letani. 
Optimum temperature 37°C. Grows on ordinary 
media, but glucose promotes growth. Grows well on 
blood agar to produce irregular transparent colonies, 
later becoming greyish and opaque with fairly coarse 
projecting radiations; often confluent spreading 
growth. Colonies on horse blood agar may show a 
narrow zone of haemolysis. 


Biochemical reactions 


Ferments various sugars including glucose, lactose, 
maltose and salicin, but not mannitol or sucrose. 
Slight acid production in litmus milk medium may 
cause slow clotting. Liquefies gelatin but not coagu- 
lated serum; no proteolytic effect on milk agar, The 
meat in CMB is reddened but not digested. Hydro- 
gen sulphide is produced but not indole. Nitrates 
reduced to nitrites. Sulphites reduced. C. septicum 
does not produce a phospholipase or lipase effect 
on egg-yolk agar. 


Antigenic characters 


Six groups distinguished on the basis of two somatic 
antigens (1, 2) and five flagellar (H) antigens (a-—e). 
Marked cross-relationship with C. chauvoei, which 
shares a common spore antigen with C. septicum. 
There are good reasons to consider C. septicum and 
C. chauvoei as different types within the same species. 
However, most C. chauvoei strains have a distinct 
specific antigen and this is exploited in a direct 


immunofluorescence procedure for the prompt 
identification of these two species by ultraviolet 
microscopy.” 


Soluble antigens 


The « toxin of C. septicum is lethal, haemolytic and 
necrotizing. The B toxin is a deoxyribonuclease. 
The y toxin is a hyaluronidase, and the 6 toxin is an 
oxygen-labile haemolysin. A fibrinolysin is produced 
and the organism also produces a haemagglutinin 
and a neuraminidase. 


Animal pathogenicity 


Intramuscular injection of cultures into guinea-pigs 
produces gas gangrene. The organisms invade the 
blood and the animal dies within a day or two. 
Smears from the liver show long, filamentous forms 
and ‘citron bodies’. 
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CLOSTRIDIUM BIFERMENTANS AND — 
CLOSTRIDIUM SORDELLI 





C. bifermentans and C. sordellii are closely related, 
but C. bifermentans is non-pathogenic whereas patho- 
genic strains of C. sordellti produce a lethal necrotiz- 
ing toxin and are occasionally associated with wound 
infections in man. Their identification is outlined in 
Table 31.2. 


Morphology 


Short stubby Gram-positive rods with rounded 
ends, often occurring in chains and showing large 
oval central spores that do not typically bulge but 
seern to make the whole organism look bigger. Chains 
of these forms in Gram smears or in wet films give 
the appearances of necklaces set with bright beads. 


Cultural characters 


Grow readily and are relatively non-exacting 
anaerobes. Growth on blood agar abundant and may 
spread. Colonies grey-white, convex, roughly circular 
with irregularly crenated edges; more irregular colo- 
nies common. Colonies on blood agar are often, 
but not invariably, haemolytic. 


Biochemical reactions 


The name bifermentans refers to the ability to 
decompose both sugars and proteins, and the sordellai/ 
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bifermentans group shares this double activity with 
variations: C. bifermentans ferments glucose, maltose, 
mannose, sorbitol and salicin, whereas C. sordellii 
ferments glucose and maltose but not the other 
sugars in this list; neither ferments lactose nor 
sucrose. Both are strongly proteolytic; they liquefy 
gelatin and decompose milk protein, coagulated 
serum and cooked meat. C. bifermentans does not 
decompose urea, whereas C. sordellii usually pro- 
duces an active urease. Both produce indole-and 
hydrogen sulphide, and both produce a serologically 
related phospholipase (lecithinase) that is partially 
neutralized by C. perfringens antitoxin.* 


Animal pathogenicity 


Experimental inoculation of 0.5-1 ml of an actively _ 


growing CMB culture of a pathogenic strain of 
C. sordellit into the thigh of a guinea-pig produces a 
rapidly lethal oedematous myonecrosis. 
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CLOSTRIDIUM HISTOLYTICUM 


This long slender Gram-positive rod is not a strict 
anaerobe and can be cultured aerobically. Proteolytic 
but non-saccharolytic. In meat medium, digestion 
occurs with the formation of white, crystalline masses 
of tyrosine. Pathogenic to experimental animals and 
man. When a culture is injected into the muscle of 
an animal, in-vivo digestion of the tissues results. 
Produces a lethal necrotizing exotoxin, an active col- 
lagenase, a proteinase, an elastase, an oxygen-labile 
haemolysin, and various other biologically active 
products. It may be associated with gas gangrene 
in man. Its identification is outlined in Table 31.5. 
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CLOSTRIDIUM TERTIUM 

This slender rod is also a non-exacting anaerobe 
and will grow sub-optimally under aerobic condi- 
uons. Weakly motile. Spores oval, terminal. Actively 
saccharolytic. In litmus milk, acid is formed with gas 
production and slow clotting. Meat is reddened but 
not digested. Neither gelatin nor coagulated serum 
is liquefied. Until recently, it was thought to be 
non-pathogenic. It is now known to be a cause of 
bacteraemia in neutropenic patients, and an associa- 
tion between C. tertium and neutropenic enterocolitis 
is recognized (Coleman et al 1993). No exotoxin 
is produced. See Table 31.3 for an outline of its 
identification. 
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CLOSTRIDIUM SPOROGENES 


This Gram-positive motile bacillus is very widely 
distributed. Generally regarded as a harmless sapro- 
phyte, but frequently isolated from wound exudates 
in association with pathogens. Its identification is 
outlined in Table 31.4. 


Morphology and taining 


Usually longer and more slender than C. hantrinaglents 

Forms abundant oval, central or subterminal spores 
which may be highly resistant; hence the organism 
is frequently encountered in mixed cultures in:the 
laboratory, especially after preliminary. heating. of 
these cultures to select heat-resistant pathogens, 
Its spores may survive boiling for periods of 15 min 
up to 6h. 


Cultural characters 


Relatively strict anaerobe. Grows well on simple 
media, provided that anaerobic conditions are main- 
tained. Surface colonies may present a medusa-head 
appearance (cf. Bacillus anthracis) if the plate is dry. 
Young colonies small, circular, raised and slightly 
opaque; soon produce outgrowths and the spreading 


margin of the colony becomes irregular with coarse’ 


feathery projections. On horse blood agar colonies 
may appear to be haemolytic but this is not caused 
by’a true haemolysin; they are usually irregular and 
transparent with some central greyish opacity where 
the colonies are raised. Colonies in shake cultures 
show as ‘woolly’ balls of growth. A stab culture 
develops with lateral spikes like that of C. tetant. 


Biochemical reactions 


Actively proteolytic and saccharolytic; produces 
amino acids, ammonia, hydrogen sulphide, etc., and 
cultures have an exceedingly putrid odour. In milk 
media, casein is precipitated and digested. In CMB, 
meat is blackened and digested. Gelatin and coagu- 
lated serum liquefied. Acid and gas produced from 
some sugars, including glucose and maltose; lactose 
and sucrose not fermented. 
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LABORATORY DIAGNOSIS OF GAS 
GANGRENE 
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The bacteriological diagnosis of gas gangrene is 
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usually combined with a general bacteriological 
examination of the infected wound with which this 
condition is associated. It is convenient here to give 
special reference to the recognition of the clostridia, 
but see also references to bacteroides infections in 
Chapter 30. | 

Take exudate from the wound, particularly from 
the deeper parts and from parts where the infection 
seems to be most pronounced. Sterile swabs rubbed 
over the wound surface and soaked in the exudate 
are much less satisfactory than pus and excised tissue 
fragments. If there are sloughs or necrotic tissue or 
if there is an adequate amount of exudate present 
in the wound, place good samples of these in sterile 
screw-capped bottles. If only swabbed specimens are 
available, ask for at least two or three; one for film 
preparations, one for aerobic, and one for anaerobic 
culture. Prompt submission to the laboratory is 


imperative; desiccation in transit must be avoided. | 


It is good practice to put a swab directly into a 
screw-capped bottle of CMB at the bedside. The 
steps in.a routine investigation are as follows: 


1. Prepare smears for Gram stain. If gas gangrene 
is present, Gram-positive rods may predominate. 
Thick, stubby, Gram-positive rods suggest C. 
perfringens or C. sordellii; ‘citron bodies’, boat- or leaf- 
shaped pleomorphic bacilli with irregular staining, 
may indicate C. septicum; slender rods with round 
terminal spores suggest C. tetant; C. novyi occurs as 
large rods with oval subterminal spores, but these 
may be relatively scanty in the wound exudate, even 
in an active infection. The direct immunofluores- 
cence staining procedure of Batty & Walker (1965) 
is a most useful diagnostic aid for the prompt identi- 
fication of C. septicum and C. novyi and some other 
clostridia, but not C. perfringens (see Methods section 
below). | 

2. In addition to the media routinely used for 
detection of aerobes, inoculate a tube of pre-reduced 
cooked meat broth (CMB), a blood agar (BA) plate 
and two plates of selective BA containing neomycin 
70-100 ug/m] (see Ch. 30). Primary sensitivity tests 
can be made at this stage by placing discs, e.g. 
metronidazole and penicillin, on the first series of 
streaks. 

Consider. also the use of: plates containing in- 
creased agar (4-6%) to prevent swarming by some 
species of clostridia;* a selective egg-yolk agar plate, 
with or without antitoxins, to detect phospholipase- 
and lipase-producing clostridia, and to demonstrate 
any Nagler reaction;* additional tubes of CMB, 
heated at 70°C for 20 min or at 100°C for 5—20 min, 
to select sporing forms. 
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3. Incubate the CMB, BA and selective BA 
anaerobically with 10% CO, at 37°C. Leave one 
selective BA incubating anaerobically undisturbed 
for 48h. Examine the other media after 24h 
incubation. 

4. Examine plates for typical colonies. Compari- 
son of the aerobic and anaerobic plates affords 
some indication of the presence of strictly anaerobic 
organisms, but any suspect anaerobe must later 
be tested in subculture to ensure that it is unable to 
grow under aerobic conditions (see Watt & Jack 
1977). C. tertium, C. carnis and C. histolyticum can 
grow to some extent aerobically. 

5. Examine CMB enrichment by microscopy, 
and subculture to plates. In CMB both aerobes and 
anaerobes flourish; this growth is useful for later 
subculture should the plate culture fail to yield suc- 
cessful isolation of organisms present in the wound. 
Film preparations also yield further information on 
the morphological types of vegetative organisms; 
sporing forms that may have developed can be seen. 

Note: C. perfringens is a common environmental 
contaminant and, because of its capacity for rapid 
growth in CMB, it may be present in misleadingly 
large numbers on secondary plate cultures seeded 
from primary broth cultures. When it is truly in- 
volved in a clostridial myositis (gas gangrene), C. 


perfringens is usually capsulate and can generally be 


recovered in large numbers on primary plates. 

6. Pick suspect colonies and subculture to pre- 
reduced CMB or anaerobe investigation medium 
(AIM) for subsequent identification by biochemical 
tests, and to AIM medium containing glucose 1% 
for gas chromatography (GC; see Methods, Ch. 30). 


CLOSTRIDIUM TETANI 


C. tetani is a common saprophyte occurring in culti- 
vated soils throughout the world. Tetanus occurs in 
man and animals when a wound is infected with the 
organism and conditions permit it to multiply and 
to produce tetanospasmin, which begins to act on 
the central nervous system between 7—10 days (range 
3-30 days) after infection. The voluntary muscles 
become hyperexcitable; there is increased muscle 
tonus and exaggerated muscular responses to trivial 
stimuli. Trismus occurs when the muscles of the jaw 
are affected; the disease is sometimes called lockjaw 
because this is quite frequently an early sign of 
tetanus in man. Tetanus is now uncommon in the 
developed world as a result of active immunization 
programmes. 
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Morphology and staining 


Slender Gram-positive rods, 2-5 x 0.4—] jim, with 
rounded ends; tends to be pleomorphic, sometimes 
filamentous, with Gram-negative cells most fre- 
quently evident. The bacteria are usually sluggishly 
motile with long peritrichous flagella; some non- 
motile strains occur. Early in development, spores 
are subterminal and slightly distend the vegetative 
cell; the fully developed spore is characteristically 
terminal and spherical, up to twice the diameter 
of the vegetative cell, giving the typical drumstick 
appearance. This morphology may be an artefact of 
staining; wet films do not show the classical appearance. 
Strains vary in their tendency to produce spores. 
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Cultural characters 


A strict anaerobe. Temperature range 14—~43°C; 
optmum 37°C. Grows on ordinary nutrient media 
but more readily grown in CMB or in Fildes peptic 
blood broth or on fresh blood agar. Colonies on solid 
media show fine branching projections. After incu- 
bation for 48-72 h, the central part of the colony 
becomes slightly raised and has a ground-glass 
appearance with a delicately filamentous edge. A fine 
spreading growth may extend over the entire surface 
of the medium and may not be apparent on cursory 
examination. On blood agar, haemolysis is evident 
under initial confluent growth and may develop 
below individual colonies, but frequently does not 
appear below the spreading growth in young cultures. 
Non-motile variants may produce quite isolated 
colonies lacking the characteristic feathery processes. 


Biochemical reactions 


Most strains are asaccharolytic. Most strains can 
slowly liquefy gelatin, but they are not strongly 
proteolytic. Indole is formed by almost all strains. 
(See Ch. 30 for Methods.) 


Sensitivity to physical and chemical 
agents 


The resistance of spores of C. tetani varies. Some 
are killed by exposure to boiling water for 5—15 min, 
but rarer more resistant strains require boiling for 
up to 3h before being killed. They may resist dry 
heat at 150°C for 1h and 5% phenol or 0.1% 
mercuric chloride for up to 2 weeks or more, but 
are inactivated by exposure to iodine 1% in watery 
solution or hydrogen peroxide (10 volumes) within a 
few hours. Vegetative cells of C. tetani are generally 
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sensitive to penicillin and various other antibiotics 
including clindamycin and metronidazole. The 
occurrence of C. tetant typically in wounds infected 
with a variety of organisms including penicillinase- 
producing bacteria must be taken into account in 
the clinical management of wounds and prevention 
of tetanus. 


Serotyping 


Ten types are distinguishable by agglutination tests 


involving flagellar H antigens; type 6 consists of non- 
flagellate strains. This serotyping is not done as a 
routine, All types produce:an antigenically identical 
neurotoxin, and toxigenic and non-toxigenic strains 
may belong to the same type. 


Toxins and animal pathogenicity 


The neurotoxin tetanospasmin develops in CMB 
cultures after growth for 2-14 days at 35°C, the 
optimum time varying with the strain. When crude 
tetanus toxin 1s injected into guinea-pigs or mice, the 
animals die within a day or two with the typical signs 
of tetanus. In animals, local tetanus spasms may 
occur In the muscles related to the site of injection. 

The mouse is used as a routine for demonstrating 
the presence of tetanus neurotoxin in culture 
supernates; a pair of mice is used for each test. 
Protect one animal by intraperitoneal injection of 
500-1500 units (0.5 ml) of tetanus antitoxin 1h 
before the test. Inject 0.1 ml of a 48 h CMB culture 
supernate of the organism intramuscularly into a 
hind limb of the test and control animals. Signs of 
ascending tetanus develop in the unprotected animal 
after several hours; they begin in the inoculated leg 
and extend to the tail; then the other hind limb is 
affected and then generalized signs appear. The 
animal responds to the slightest stimulus with gener- 
alized spasms. If large doses of toxin are injected, 
death may occur in 18-24h without any of the 
intermediate symptoms. If toxin tests with the 48h 
CMB culture are negative, repeat with a CMB 
culture incubated for 5-7 days. 

Tetanolysmm, an oxygen-labile haemolysin, is distinct 
from the true tetanus toxin, 


Laboratory diagnosis of tetanus 


The specimen will be wound exudate or tissue 
removed from the wound. 


1. Make a direct smear, Gram stain, and examine 
for drumstick spore-formers. Caution: Only a minority 
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of specimens will show these and they are not 
an invariable index of the presence of C. tetant. The 
use of immunofluorescence staining should be 
considered here.” 

2. Inoculate exudate or homogenized tissue into 
CMB and on to a BA plate and two selective BA 
plates (see Methods Ch. 30). Incubate anaerobically 
with 10% CO, at 37°C. Consider also seeding an 
antitoxin-controlled plate for the presumptive identi- 
fication of C. tetani. This involves the use of a freshly 
prepared BA plate half-smeared with tetanus anti- 
toxin (Lowbury & Lilly 1958). C. tetani produces 
haemolysis which is inhibited by the antiserum. 
Although there are several objections to this tech- 
nique, the method is convenient for the provisional 
screening of large numbers of strains. Confirmation 
by mouse inoculation is recommended. 

3. Leave one selective BA plate undisturbed in 
the anaerobic atmosphere for 48 h. Check the other 
plates after 24h incubation, and daily for up to 4 
days. Examine the plates with a hand lens or plate 
microscope for fine spreading growth. (Note that 
C. tetani type 6 is non-motile.) If present, make a 
pure subculture from the spreading edge to BA and 
pre-reduced CMB, and incubate anaerobically for 
48 h. 

4. Examine the CMB enrichment culture daily 
by microscopy. If clostridial forms are seen, do the 
following: 

a. Heat part of the culture at 80°C for 10 min and 
then subculture the heated and unheated samples 
to BA. Incubate the plates anaerobically. (Note that 
some C. tetani spores are heat-sensitive.) 

b. Direct immunofluorescence staining. 

c. Although it is usual to wait until a pure culture 
is available, toxicity testing can be done with the 
supernate from the CMB enrichment culture. 

5. Check the subculture in CMB. If it is not 
pure, subculture from the spreading edge of growth 
on BA to pre-reduced CMB. If the CMB is pure, 
set up toxin tests in protected and unprotected mice 
(see above), set up a range of biochemical tests, 
and examine the fatty acid profile by GC (see 
‘Laole 31.5). 
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identification of clostridia by direct 
staining with fluorochrome-labelled 
antibody 

This procedure (see Batty & Walker 1965) is of use 
for the identification of C. septicum, C. chauvoei, C. 
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novyi, C. botulinum types A, B, F, C, D and E, and C. 
tetani. Conjugated immunoglobulins are commercially 
available, e.g. Guardian. 

An air-dried smear is fixed by immersion of the slide 
in reagent grade anhydrous acetone for 10min. A 
drop of the conjugated immunoglobulin is spread on 
the smear and left at room temperature for 30 min in 
a humid atmosphere provided by a wet filter paper in a 


- plastic box. 


The excess conjugate is quickly rinsed off the smear 
with phosphate buffered saline at pH 7.6 (NaCl 8.5 g, 
Na HPO, 1.28 g, NaH PO,.2H2O 0.156 g, in 1 litre of 
distilled water); the smear is held in several changes 
of this buffer during the following 10—15 min. It is then 
gently blotted dry and mounted with buffered glycerol 
at pH 8-9 (NaHCO, 0.0715 g, Na,CO, 0.016 g, water 
to 10 ml, glycerol to 100 ml) and a glass (not plastic) 
cover-slip for UV microscopy. 


Preservation and storage of strains 


Strains may be preserved by freeze-drying, freezing 
at -70°C or by storage in various media. Germination of 
spores is sporadic, especially following heat-resistance 
tests, and this is considered to be partly due to fatty 
acids in the subculture medium. The inhibitory effect 
may be reduced by incorporating soluble starch or 
serum in the medium when subcultures are made from 
preservation media or from heat-resistance tests. 


Media that induce sporulation 


Eliner’s (1956) medium 


This medium is used to induce spore formation in C. 
perfringens. Anaerobiosis may be ensured by heating 
at 100°C for 10 min and cooling just prior to inocu- 
lation. it is important that the inoculum be adequate; 
0.5 mi of an actively growing 4-12 h meat broth culture 
should be introduced with a pipette into the bottom 
of the tube of medium. Incubation is in an anaerobic 


- jar at 37°C. 
Peptone (e.g. Proteose peptone, Difco) 10g 
Yeast extract 3g 
Soluble starch 3g 
MgsO, 0.14 
KH.PO, 1.59 
Na ,HPQ,.1 2H20 6/7 q 
Water to 1 litre 


Steam briefly at 100°C to dissolve, adjust to pH 7.8 
with sodium hydroxide 1 mol/litre, dispense in tubes 
and autoclave at 121°C for 20 min. Tubes should be 
half to two-thirds full. 
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Medium of Duncan & Strong (1968) 


This medium should be pre-steamed and then cooled 
to 37°C just before being seeded with a 10% volume 
of a 4h active culture of the strain of C. perfringens in 
thioglycollate broth. Addition of activated carbon (1%) 
may increase the sporulation of some strains. Although 
high numbers of spores are produced by many test 
strains, the medium is not invariably successful; ‘this 
reservation should be applied to all currently developed 
media for the sporulation of C. perfringens. 


Proteose peptone 7 15g 
Yeast extract 4g 
Soluble starch . 4g 
Sodium thioglycollate (mercaptoacetate) 1g 
Disodium hydrogen phosphate | 
NasHPO,.7H,O 1g 
Water to 1 litre 


The pH of the medium is about 7.0. Steam at 100°C 
to dissolve, and dispense into screw-capped bottles 
which should be at least two-thirds full of medium. 
Autoclave at 121°C for 15 min. After inoculation and 
incubation, sporulation should be evident within about 
6h; maximum sporulation is likely to be achieved at 
10-16 h. 


Medium of Phillips (1986) 


A plate of this sporulation medium for Clostridium 
perfringens should be seeded by rubbing a dry swab 
charged with a blood agar culture of the organism 
over the whole surface. Incubate in an atmosphere of 
nitrogen 80%, COQ, 10% and hydrogen 10% at 37°C 
for 48 h. 


Blood agar base No. 2 (Oxoid CM27) 39.59 
Desiccated ox bile (Oxoid L50) 10g 
Sodium bicarbonate, NaHCO, 5g 
Quinoline (BDH No. 30012) 0.5 ml 
Defibrinated horse blood 50 ml 
Distilled water 1-litre 


Dissolve the blood agar base, the ox bile and the 
quinoline in 800 mi of the water and sterilize at 121°C 
for 15 min. Cool to 50°C. Add the sodium bicarbonate 
(dissolved in 200 ml of the water and filter sterilized) 
at 50°C. Then add the horse blood and pour plates. 
The pH of the medium should be 8.5. 


Aikaline egg medium 


This medium promotes spore formation by clostridia. 
Clostridia remain viable in it for years. 


Egg-yolk <a 


930 


Egg whites 2 
Sodium hydroxide, NaOH, 1 mol/litre 6 ml 
Water to 


500 ml 
Beat the yolk and whites, add the sodium hydroxide 
and water. Heat slowly to 95°C for 90 min, filter through 


cotton-wool and distribute. Sterilize by autoclaving at 
121°C for 15 min. 


Reinforced clostridial agar 


This medium is specially enriched with substances 
that might promote the growth of clostridia. Its prepara- 
tion involves the heating of cysteine in the absence of 
any chemical that could protect it substantially against 
prompt oxidation, but the medium is: nevertheless 
widely used for the culture of various anaerobes in 
the following form. 


Peptone 10g 
Yeast extract 39 
Meat extract 109g 
Glucose 5g 
sodium acetate 3g 
Sodium chloride 5g 
L-cysteine hydrochloride 0.5g 
Soluble starch 1g 
Distilled water to 1 litre 


Steam the ingredients in a flask; filter when dis- 
solved. Adjust pH to 7.4. Add agar 10g and sterilize 
by autoclaving at 121°C for 20 min. 


Cysteine dithiothreitol blood agar 


Moore (1968) described the use of the reducing agents 
cysteine and dithiothreitol to improve solid media for 
C. novyi, particularly of the more fastidious types B 
and D. Collee et al (1971) modified Moore’s medium by 
increasing the concentrations of cysteine to 1 mg/ml, 
dithiothreitol to 0.09 mg/mI and of human blood to 33% 
and later substituted 10% horse blood for the human 
blood. This latest modification is described here. 


Cysteine—dithiothreitol solution 


Cysteine 150 mg 
Dithiothreitol 13.5 mg 
Distilled water 3 ml 


Prepare the solution immediately before use and 
sterilize by membrane filtration. 


Preparation of complete medium 


Nutrient agar 
(Oxoid blood agar base, No. 2) 88 mi 


Cysteine—dithiothreitol solution 2 mi 
Horse blood 10 mi 


Melt the nutrient agar, cool to 45—55°C and add the 
remaining ingredients, mixing carefully before pouring 
plates. Dry the plates briefly at 60°C for 10 min to 
protect the reducing agents. Inoculate and incubate 
immediately. 


Motility tests 


Motility may be difficult to demonstrate with some 
species and it is advantageous to use more than one 
method. . 


1. With some species there is active swarming of 
the culture on the surface of an anaerobic BA plate. 

2. Motility may be demonstrated directly by examin- 
ing freshly made wet films from log-phase CMB cul- 
tures, preferably by phase contrast microscopy under 
a sealed cover-slip. - 

3. A semi-solid agar stab technique can also iid 
used for demonstration of motility (see Ch. 7). Stab 
cultures in this medium, freshly prepared with added 
1% glucose to enhance anaerobiosis, should be 
examined frequently before excessive gas production 
invalidates the test. A non-motile species (e.g. C. 
perfringens) may show lateral spikes of growth along 
faults extending from the stab line, but the appearance 
is not likely to be confused with the diffuse growth of 
a truly motile species. 


Control of spreading growth on 
anaerobic plates 


_ Control of the swarming growth of unwanted organisms 


in plate cultures presents various problems. Pre- 
treatment of the proposed inoculum by differential 
heating may be effective, but it carries the risk of 
killing vegetative cells of likely non-sporing and sporing 
pathogens. Moreover, the spores of some pathogens 
are not markedly heat resistant and may be inactivated, 
or their prompt germination may be inhibited. The use 
of firm agar containing 3-4% agar is recommended 
as a general control method (see Ch. 5), but colonial 
morphology is altered. Alternatively, some workers pay 
particular attention to drying the surface of agar plates 
to inhibit swarming; but the availability of nutrients 
for the initiation of colonial growth on a relatively dry 
surface may be critically impaired. An ‘alcohol’ plate 
is sometimes used; here the surface of the unseeded 
medium is flooded with ethanol, the excess is removed 
and the plate is exposed in an incubator to dry it at 
37°C. The medium is then seeded in the usual manner. 
lf the pathogen to be isolated can grow on MacConkey 
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agar, it should be noted that Proteus and Pseudo- 
monas species do not spread on this medium, It 
is sometimes possible to’ exclude these spreading 
species by exposing the seeded plate to chloroform 
vapour for some minutes prior to anaerobic incubation. 

Specific serological contro! of the swarming growth . 
of C. tetani and C. septicum is possible (see Willis 
& Williams 1972). When commercial tetanus antitoxin 
40-60 units/ml is incorporated into the agar medium, 
motile strains of C. tetani grow as discrete colonies. 
Similarly, C. septicum does not spread on plates on 
which 0.2—-0.5 ml of a C, septicum antiserum prepared 
against the two serological groups is spread. 


Tests for phospholipase and lipase; 
Nagler’s reaction 


Several clostridia produce phospholipases that give 
rise to a zone of opalescence extending beyond the 
colony or line of growth on human serum or egg-yolk 
media (see Ch. 7). Proteolytic colonies produce zones 
of clearing on these media, while opalescence re- 
stricted to the medium underlying a colony and associ- 
ated with an overlying iridescent ‘pearly layer indicates 
lipase activity. The phospholipase reaction produced 
by C. perfringens is specifically neutralized by C. 
perfringens antitoxin (Nagler reaction), but the sero- 
logically related phospholipases of C. bifermentans 
and C. sordellii and some other clostridia are also 
inhibited. Tne phospholipase of C. novyi type A can 
similarly be inhibited by the specific C. novyi antitoxin 
(see Table 31.2). 

For the presumptive detection of C. perfringens in 
direct plate culture, prepare and dry a plate of good 
quality digest agar containing egg-yolk 5%. On one 
half of the plate spread 2-3 drops of C. perfringens 
antitoxin (Pro-Lab or Pragma) and allow to dry. Then 
seed with the test organism or with the exudate under 
investigation, stroking from the antitoxin-free side to 
the antitoxin-bearing half, and incubate anaerobically 
at 37°C. On the section containing no antitoxin, C. 
perfringens colonies show a surrounding zone of 
opacity, i.e. the Nagler reaction, whereas colonies 


-of the organism on the remainder of the plate do not. 


Parallel stroke cultures of different strains or isolates 
may be done on one plate, with a known positive 
control included, for identification of pure cultures. 


Lowbury & Lilly's medium 


An indicator medium for C. perfringens containing 
Fildes peptic digest of blood to stimulate the production 
of lecithinase, human serum or egg-yolk to show lecithi- 
nase production and C. perfringens antitoxin spread 
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over the surface of half the plate to show neutralization 
of the lecithinase was devised by Hayward (1943) who 
named it the Nagler plate. Nagier (1945) observed 
the lipase in addition to the lecithinase reaction in egg- 
yolk and proposed an egg-yo!k medium as indicator 
of the lecithinase and lipase of C. novyi. Lowbury & 
Lilly (1955) modified the human serum medium by 
increasing the concentration of agar to prevent the 
swarming of Proteus, making a double layer medium to 
allow a clearer demonstration of lecithinase reactions 
and adding neomycin (100 t1q/ml) to inhibit lecithinase- 
producing aerobic sporing bacilli: However in the 
description given here the concentration of neomycin 
is only 70 g/ml, the maximum that is not markedly 
inhibitory to many clostridia (Collee & Watt 1971). The 
neomycin potency of neomycin sulphate is 700 ug/mg. 
This 70% factor is taken into account in the following 
recipe. 


Agar base 
Agar 50g 
Peptone water (Ch. 5) 1 litre 








This agar base autoclaved at 121°C for 20 min is 
used for the lower layer of the medium and as basal 
medium for the upper layer. 


Preparation of complete medium 


Agar base 100 ml 
Fildes peptic digest of sheep blood 6.5 ml 
Human serum, sterile -40 ml 
Neomycin sulphate (Upjohn), 

sterile aqueous solution: , 

10 000 pg/ml 1.47 ml 


The serum may be prepared by treating plasma 
with 5% of a sterile 10% calcium chloride solution at 
37°C. Note: Special precautions must be taken when 
human blood products are used. 

Heat the Fildes digest at 55°C for 30 min, melt the 
agar base and cool it to 56°C. Add the remaining 
ingredients and pour the medium as the upper layer of 
double layer piates on a nutrient agar base. Spread 
250 international units of C. perfringens antitoxin over 


- half of the agar surface. 
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° Fermentation test. 
“ See Table 30.4 for standard key to fatty acid profiles. 
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* Observe inhibition of lecithinase by a mixture of C. perfringens and C. novyi ee A antitoxins (see Methods). 
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Willis & Hobbs medium 


This medium for the isolation of clostridia (Willis & 
Hobbs 1959) is a lactose egg-yolk milk agar made se- 
lective for various clostridia, particularly C. perfringens, 
by the addition of neomycin. The recommended con- 
centration of 250ug neomycin sulphate/ml inhibits 
some clostridia, usually inhibits strains of Bacillus 
and Staphylococcus, and greatly reduces the growth of 
coliform bacilli. As results of culture on Willis & Hobbs 


of 
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Basal medium 
Agar 4.89 
Lactose 4.89q 
Neutral red, 1% solution 1.3 ml 
Meat infusion broth, pH 7.0 400 ml 
Egg-yolk suspension 15 ml 
Milk 60 ml 


Dissolve the agar and lactose in the neutral red and 
broth by steaming, and sterilize at 121°C for 20 min. Cool 
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bac | 
- medium can be variable and are occasionally confus- ~ to 50-55°C and add the egg-yolk and milk. Pour plates. 
ing, a simpler selective medium such as egg-yolk agar 
with a good base and neomycin 70 1g/ml is preferred = Possible additions to basal medium 
for general use. eM ahs 
Egg-yolk suspension. Break eggs with precautions Neomycin sulphate (Upjohn) 250 ho/ml 
to keep their contents sterile, at the same time sepa- Sodium thioglycollate 0.1% 
| rating the yolks from the whites. Discard the whites Stock sterile solutions of neomycin may be stored in 
and dilute the yolks with an equal volume of sterile the refrigerator with little loss of potency. The antibiotic 
0.9% sodium chloride solution. is not decomposed by heating at 60°C for 20 min. Thio- 
Sterile stock milk. Remove the cream from ordinary glycollate may assist the growth of the stricter anaerobes. 
milk by ‘centrifuging. Sterilize the skimmed milk by Either or both of these reagents may be added at 
autoclaving at 121°C for 20 min. the same time as the egg-yolk and milk. 
key for the identification of ‘lactose-positive clostridia, 
Bee kites tems ag acer oper en er, One gee hey Whe mew UATE eS 
aa SEE ES ea ee geet CoRR A «PE SEG ene | pee See Iie te 
Z. 
5 
S 2 8 
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© ie) c — o fe a = =% > 
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<< & = — w x. = = nal Fatty acids produced® Species 
+ - + '. 4 $2 aR 7 + + + AbL (fs) - C. tertium 
a ‘: “a _ + re a Ss —_ + AfBl(s) C. camis 
- oe ee? a a ST oe RK” UAE _C. sphenoides 
- -(+) - af. 4 em S —(+) + - A(F ls) GC. clostridioforme 
- + - = +/— +(-) T - + +/- AF(pbl) | C. indolis 
a = - + + + 5 + + + AFBi(Is) C. butyricum 
— _ _ + + + Ss +/—- + 7 AB(Fpls) C. beijerinckn 
- (+) - + + + S —(+) + - A (FIs) C. clostridioforme 
sd - ° +(-) + + -_ T + - AFL(ps) C. ramosum 
4 - : r" o T _ +(-) + ABL (Fs) C. paraputrificum 
a“ - = + + _ 5 - + + AF B(is) C. chauvoei 
~ ~ - + + - S tH- = + ABL (fps) C. perfringens 
wa = ae rm _ _ sic = + 4+ ABL(fs) C. septicum 
* Fermentation test. 
° T = terminal: S = subterminal; C = central. 
“ See Table 30.4 for key. 2 | 
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“ Fermentation test. 

® S = subterminal; T = terminal. - 

© See Table 30.4 for standard key to fatty acid profiles: 
“Formerly C. botulinum type G. 
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This chapter deals with the pathogenic clostridia 
that affect the bowel. Some of the disease asso- 
ciations are definite and dramatic; others are less 
clearly defined, and some are still debated. 


CLOSTRIDIUM PERFRINGENS FOOD- 
POISONING . — 
Food-poisoning caused by C. 
perfringens type A 


Strains of C. perfringens type A that produce entero- 
toxin are associated with a mild form of food-poison- 
ing. The so-called ‘typical food-poisoning strains’ 
(type A2) that are non-haemolytic or feebly haemo- 
lytic on horse blood agar plates and have markedly 
heat-resistant spores are most frequently encoun- 
tered, but classical (type Al) strains that are f- 
haemolytic and have relatively heat-sensitive spores 
can also be involved (see Table 31.1). 

Many opportunities arise for spores of C. perfringens 
to contaminate meat and meat products at the 
abattoir, in transit to shops and market places, and 
in catering establishments and in the home. As the 
organism is encountered so frequently and so widely, 
it is mot usual to attempt to trace the ultimate source 
in an outbreak of food-poisoning but rather to deter- 
mine the circumstances or conditions that allowed 
the almost inevitable contamination to be boosted 
during processing of the food concerned. ‘The heat 
resistance of type A2 spores allows them to survive 
the whole cooking procedure, whereas type Al spores 
are not likely to cause trouble unless they are intro- 
duced by faulty catering practice during the period 
between cooking and serving. 

The bacteriological investigation of C. perfringens 
food-poisoning must take account of the findings 
of Collee et al (1961) and Sutton et al (1971). Virtu- 
ally 100% of the healthy population carries classical 
B-haemolytic C. perfringens in their gut, and 2-30%o 


may be healthy carriers of heat-resistant C. perfringens. 
The faecal counts of C. perfringens just after food- 
poisoning caused by this organism are higher than 
the counts for healthy people, or for people with 
diarrhoea due to other causes (median counts 8.5 x 
10°/g; cf. 1.5 x 10*/g in normal subjects). However, 
it should be noted that the range of counts for 
commensal C. perfringens in normal subjects is wide. 
The spores of heat-resistant strains often require 
heat treatment before they grow quantitatively. A 
semi-quantitative procedure for the isolation of 
C. perfringens from food and faeces is outlined in 
Figure 32.1. Techniques for identification of C. 
perfringens are discussed in Chapter 31. 

Samples of suspect foods should be examined. if 
possible but they are often not available by the time 
the diagnosis is suggested. The organism will be 
present as vegetative cells in food and the samples 
should not be heated before culture. Although the 
organism does not readily sporulate in routine cul- 
ture media, it does so in the human gut and con- 
siderable numbers of spores of C. perfringens may 
occur in faeces of affected persons. Sporulation is 
associated with the production of an enterotoxin, 
the agent responsible for the diarrhoea. Faecal speci- 
mens should be examined for vegetative cells and 
spores of C. perfringens. If faecal samples are boiled 
before culture, heat-resistant strains will be isolated 
but the spores of many enterotoxin-producing 
strains wil} be killed by this treatment. Mild heating 
is, however, of value in recovery of heat-sensitive 
C. perfringens from faeces as heat shock activates the 
spores and increases the rate of germination. 

The simple demonstration of C. perfringens 1n the 
faeces of affected people is of limited value. ‘The 
qualitative evidence requires to be substantiated by 
quantitative evidence, because many foods are con- 
taminated with C. perfringens and the organism 
occurs regularly in the faeces of normal people. The 
count of organisms in remnants of suspect food will 
depend on the conditions under which the food has 
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been kept and little reliance can be put upon high 
counts unless the food was held in the refrigerator 
after serving. Under normal circumstances, counts 
of the organism do not usually exceed 10° per gram 
of food or faeces, whereas in C. perfringens food- 
poisoning the affected food may contain very high 
counts of C. perfringens (up to 10° per gram) and the 
faeces of affected people may contain C. perfringens 
in counts of 10°~10* per gram for some days after 
the food-poisoning incident. 

The approach outlined in Figure 32.1 for exami- 
nation of faeces includes a mild heat activation step 
as well as a procedure for selecting the very heat- 
resistant spores of type A2 strains. The yield obtained 
from sample A (unheated) represents vegetative 
cells and some of the spores that may germinate, with 
either type Al or A2 strains appearing. Sample B 
(heat activated) will yield colonies, either type Al or 
A2, derived purely from spores, as vegetative cells 


Food 


Emulsify a representative 
weighed sample in nutrient 
broth 


Unheated 
sample — for 10 min 


Quantitative counts (Miles & Misra) 
on neomycin blood agar 


— = — ‘ er 
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will not withstand heating at 80°C. Colonies of C. 
perfringens grown from sample C (boiled) are derived 
from markedly heat-resistant spores of type A2 strains. 


If a faecal sample yields large numbers -of type. 


Al or A2 colonies, this is compatible with a diagnosis 
of C. perfringens food-poisoning, but supportive 
evidence is really needed. If samples from several 
people involved in an incident yield the same colony 
type, the evidence is’stronger. If the suspected food 
yields a similar organism in larger numbers, the case 
is virtually made. 

However, the identity of isolates should be final- 
ized by serotyping, so that a relationship can be 
established between them. The isolation of classical 
type Al P-haemolytic C. perfringens from food or 
faeces must be interpreted with caution if this is 
not possible. Serotyping of food-poisoning strains 
by slide agglutination tests is done in Britain at the 
Food Hygiene Laboratory, Central Public Health 


Faeces 


Emulsify about 0.5 g in 5 ml to make a.1 in 10 dilution in 
nutrient broth 





B Cc 
Heat 1 mi! at 80°C Heat 1 ml at 100°C 
for 30 min 


(Heat activation) (Heat resistance) 





For each sample, prepare four serial ten-fold ditutions in 
nutrient broth or sterile saline (i.e. 1 in 107—1 in 105). 


Spread 0.1 mi of each of the three highest dilutions 
(1 in 1091 in 10°) over neomycin blood agar plates. 
Incubate anaerobically for 18-24 h at 37°C. Examine and 


Examine for B-haemolytic 
and non-haemolytic 
C. perfringens 


Attempt to investigate 
the heat resistance of 
spores of non-haemolytic 
isolates of C. perfringens 


Examine for large 
numbers of B-haemo- 
lytic or non-haemo- 
lytic C. perfringens 


count as follows 


Cc 
Examine for Examine for non- 
f-haemolytic or haemolytic 


non-haemolytic 
C. perfringens 


C. perfringens 


after culture in cooked (see text) 
meat broth 
Serotype Serotype Serotype Serotype 


Fig. 32.1 Isolation of C. perfringens from food and faeces after a food-poisoning incident. 


938 


i 
ere Dn TE 


be 


Sy 





Laboratory, Colindale Avenue, London NW9 5HT; 
tel 0181 200 4400. Food-poisoning strains can be 
assigned to serotypes 1~75 (Stringer et al 1980) but 
untypable strains also occur quite frequently. 

Send several colonies for each specimen, as strains 
of more than one serotype of C. perfringens may be 
present in the same specimen. If only one single- 
colony isolate is examined from each specimen, the 
identity of serotype may not be observed. 

A test has been developed for the direct detection 
of C. perfringens enterotoxin in faeces, food, or culture 
supernates (Bartholomew et al 1985). Several kits 
are now available commercially, e.g. Oxoid/Unipath 
produce a reversed passive latex agglutination test 
(PET-RPLA). 


C. perfringens enterotoxin-associated 
colitis ; " 


A syndrome differing substantially from that of 
C. perfringens food-poisoning has been reported by 
Borriello et al (1984). Features include abdominal 
pain and diarrhoea with blood or mucus in the stools. 
Vomiting sometimes occurs. Patients are usually 
elderly; an association with current antibiotic therapy 
is common but not invariable. 

Large numbers of C. perfringens (10'—10'°/g) are 
excreted in the stool, predominantly in spore form, 
along with the enterotoxin which can often be 
detected in high titre. The enterotoxin produces a 
cytopathic effect on Vero cells and can be neutralized 
by specific antiserum raised against it. — 


Enteritis necroticans: Clostridium 
perfringens type C 


Enteritis necroticans caused by type C strains of 
C. perfringens (originally designated type F) was 
recognized in Germany in the late 1940s. The form 
of the disease associated with pork feasting in the 
highland natives of Papua New Guinea, called ‘pig 
bel’, has been studied in detail (Egerton & Walker 
1964). There is segmental involvement of small 
bowel that may be thickened and tender on palpa- 
tion; loops of dilated intestine with subsequent 
fibrinopurulent peritonitis and adhesions and intesti- 
nal obstruction develop. The disease 1s a common 
cause of death in the native children. C. perfringens 
type C (see Table 31.1) produces heat-resistant 
spores, which are not so markedly heat resistant 
as the original type F German strains, but resist 
95°C wet heat for some minutes. The organism 
produces @ toxin, but it is the B toxin which causes 
the disease when produced by organisms multiplying 
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and attaching to the villi of the small gut; the toxin 
is protected from proteolytic digestion by the simul- 
taneous ingestion of a sweet potato vegetable which 
contains a protease inhibitor. The low protein diet, 
and the consequent low intestinal protease activity 
of the natives, further increase vulnerability to the 
B toxin. The organism can be demonstrated in the 
lesions by special immunofluorescence staining and 
can be cultured from the intestinal content of patients 
with the disease. It is also present in the faeces of 
healthy carriers and in environmental samples of 
soil from native cooking areas where ‘pig-bel’ 1s 
endemic. 


CLOSTRIDIUM DIFFICILE 
Until the late 1970s, this organism was regarded as 
a component of the normal faecal flora of 40-50% 
of neonates, but it was rarely isolated from adults. 
Since 1977 it has been detected with increasing fre- 
quency and is now accepted as the major cause of 
pseudomembranous colitis (PMC) and antibiotic- 
associated colitis (AAC) (Bartlett 1979). The spec- 
trum of disease caused by C. difficile appears to range 
from PMC through AAC to antibiotic-associated 
diarrhoea (AAD), and may also include exacerba- 
tions of chronic inflammatory bowel disease, post- 
operative diarrhoea and non-antibiotic-associated 
diarrhoea (British Medical Journal 1981, Brettle 
et al 1982). Earlier evidence from animal studies and 
from the observed clustering of some cases suggested 
that infection may be exogenous with colonization 
of a compromised gut. From epidemiological studies 
of many outbreaks investigated by a range of typing 
methods (see below) it is now well recognized that 
a single strain can be transmitted from one patient 
to another susceptible patient and isolation of 
infected patients is recommended. 


Morphology and staining 
Rod-shaped (4-8 x 0.5-1 tm) with subterminal 


- or terminal non-bulging oval spores. Gram positive, 


becoming Gram negative in older cultures. In wet 
films from cooked meat broth (CMB) cultures it 
exhibits a characteristic oscillating motility. Electron 
microscopy shows sparse peritrichous flagella. 


Cultural characters 


A strict anaerobe. Grows well on blood agar (BA) 
and cefoxitin cycloserine selective media (see below) 


539 


. PE dy med od oe —_s Bs eee 


ba 


PRACTICAL MEDICAL MICROBIOLOGY 


at 37°C. On BA, colonies are glossy, greyish, low 
convex, roughly circular with an irregular edge 
sometimes becoming spreading; non-haemolytic. 
On selective media with ‘blood, colonies are similar 
to those on BA, On cefoxitin cycloserine fructose 
agar* (CCFA) with egg-yolk and neutral red, colo- 
nies at 24h appear large (2-5 mm), flat to low 
umbonate, yellow, with a ground-glass appearance 


- and ‘a slightly filamentous edge. In films from this 


growth, organisms may appear much longer, some- 
times almost filamentous, and spores are absent; 
motility is much reduced. Colonies on CCFA are 
very susceptible to oxygen and must be subcultured 
without delay. In solid and liquid media, C. difficile 
produces a characteristic farm-yard smell which is 
unlike that of any other Clostridium species. 


butyric 


acetic 







iso-caproic 





_iso-butyric 


iso-valeric 
valeric 


Typical profile 


Biochemical reactions 


The biochemical reactions of C. difficile are summa- 


rized in Table 31.4. Most strains ferment glucose, 


fructose and mannitol, although we have isolated 
an asaccharolytic strain of C. difficile. Aesculin is 
hydrolysed and some strains produce gelatinase. All 
are indole negative and lecithinase negative. Gas 
chromatography (GC; see Methods, Ch. 30) of the 
volatile fatty acid metabolic products after culture in 
anaerobe identification medium + glucose (AIMG 
medium) gives a characteristic profile (Fig. 32.2) 
which is diagnostic for an organism that can grow 
on CCFA medium. C. difficile produces p-cresol from 
p-hydroxyphenyl acetic acid and this is exploited in 
the indicator medium developed by Phillips & Rogers 
(1981) for use with GC. 


- 


acetic 


iso-butyric 
butyric 


iso-caproic 


i 
= 
2 
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Profile from asaccharolytic strain 


Fig. 32.2 Gas chromatograms of volatile fatty acid metabolic products from 18 h AIMG 
cultures of a typical and an asaccharolytic strain of C. difficile on columns of SP 1220 (see 
Poxton 1982). Note: The small peak between acetic and iso-butyric acids represents 


" propionic acid. 


* Refer to Methods at the end of this chapter. 
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Toxins 

A cytotoxin (toxin B) that causes a cytopathic 
effect on most tissue cell monolayers is neutralized 
by certain batches of C. sordellit antitoxin as well as 
purpose-made C. difficile antitoxin. An enterotoxin 
(Sullivan et al 1982), probably produced by all 
enteropathogenic strains of C. difficile, is only weakly 
cytotoxic but provokes haemorrhagic dilatation when 
injected into ligated ileal loops of rabbits; this (toxin 
A) is thought to be the major virulence factor. 
Immunoassays have been developed recently for 
detection of toxin A in faecal specimens. Several kits 
are now available commercially and some have been 
well received. Recently four of the front runners 
have been evaluated (Whittier et al 1993); although 
easy-to-use, all suffer some shortcomings. Detection 
of the cytotoxin* is probably still regarded as the 
‘gold standard’, If cytotoxin tests are not readily 
available one of the enterotoxin kit tests should be 
used, e.g. Premier (Meridian), Tox-A (TechLab). 


Sensitivity to chemical and physical 
agents 


Vegetative celis of C. difficile are sensitive to oxygen. 
Spores are resistant to oxygen, to heat (75°C for 
10-20 min) and to alcohol, which can be used for 
their selection. Cresols and phenols have been used 
as selective agents (e.g. 0.2-0.4% p-cresol) but this 
approach is not recommended (see George et al 
1979). 


Sensitivity to antimicrobial agents 


Most strains are sensitive to low concentrations 
of metronidazole, benzylpenicillin, ampicillin and 
vancomycin (MIC usually <4 pg/ml, but some up 
to 32,g/ml). Oral vanccmycin or metronidazole 
is usually used in treatment of C. difficile infection. 
Most strains are also sensitive to clindamycin, tetra- 
cycline and erythromycin, but some are resistant to 
high levels of these antibiotics. Relatively resistant to 
aminoglycosides, cephalosporins and cephamycins. 


Typing methods 


Since it was first conclusively demonstrated by a 
fingerprinting method that a single strain of C. difficile 
could be transmitted from patient to patient in an 
outbreak of C. difficile colitis and diarrhoea (Poxton 
et al 1984, Sharp & Poxton 1985), there have been 
numerous attempts to develop typing, grouping or 
fingerprinting methods for use in epidemiological 


investigations of C. difficile disease. These methods 
have included PAGE of *S methionine-labelled 
proteins (Tabaqchali et al 1986), serogrouping by 
agglutination (Delmée et al 1986) or ELISA (Delmee 
et al 1993), plasmid profiles (McKay et al 1989), 
restriction enzyme analysis and restriction fragment 
length polymorphism (O’Néeill et al 1993), pyrolysis 
mass spectrometry (Magee et al 1993) and poly- 
merase chain reaction (Wilks & Tabaqchali 1994). 
Most of these methods are fingerprinting or ‘com- 
parative typing’ methods where the aim has been 
to establish identity or differences between isolates 
rather than to allocate an isolate to a specific agreed 
group or type as might be expected for streptococci 
or Escherichia coli. Such comparative methods suffer 
from the drawback that standardization between 
different laboratories is unlikely, but for a local prob- 
lem they can be invaluable. With the development 
of pattern recognition software and the archiving of 
fingerprints it should be possible for reference labora- 
tories to use such comparative methods for wide 
surveillance of C. difficile outbreaks. 


Animal pathogenicity 


Several investigations of the pathology and epidemi- 
ology of C. difficile have employed a hamster model. 
A fatal enterocaecitis can be induced in hamsters if 
C. difficile and antibiotics are given concomitantly. 
C. difficile alone does not usually cause disease but 
antibiotics alone can result in disease. C. difficile is 
apparently acquired from the environment and then 
from other animals (Larson et al 1980). 

Most strains produce soluble products in broth 
cultures that are lethal for most laboratory animals. 
Intramuscular injection of washed live organisms 
kills mice. Animal tests are not used for diagnostic 
purposes at present. 


Laboratory diagnosis of C. difficile 
infection 


Send a fresh specimen of faeces: or ‘diarrhoeal fluid 
for examination. The vegetative organisms are sensi- 
tive to oxygen and are probably unlikely to survive 
transportation on a swab, Faeces should be investi- 
gated directly for the presence of cytotoxin by 
tissue culture assay* or for enterotoxin by means of 
one of the commercially available immunoassays 
(see above). It is not recommended to leave the 
investigation at this stage. The organism should also 
be cultured so that isolates can be compared in any 
subsequent outbreak. It is unlikely that strains of 
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C. difficile cultured from faeces in the absence of 
demonstrable cytotoxin or enterotoxin are associated 


_ with serious disease. The selective media in current 


use are all based on the cefoxitin cycloserine fruc- 
tose agar (CCFA*) of George et al (1979). The 
original CCFA is still a medium of choice, and is 


. available commercially from Oxoid. The concentra- 


tions of the selective antimicrobial agents, however, 
are used at half the levels in the original recipe (i.e. 
cefoxitin at 8 jig/ml and cycloserine at 250 g/ml). 
Other recipes have replaced the egg-yolk suspension 
with blood. The-selection of spores and the need 
to encourage their germination has resulted in the 
introduction of an alcohol-selection step and the 
incorporation of a detergent such as taurocholate 
or cholate to aid germination. The characteristic 
odour of C. difficile colonies is due to p-cresol and 
volatile fatty acids, especially iso-caproic acid. These 
can also be detected by gas chromatography. To 
enhance the typical odour, p-hydroxyphenylacetic 
acid can be added. The Anaerobe Reference Unit 
of the Public Health Laboratory Service of England 
and Wales has recommended a cefoxitin cycloserine 
egg-yolk agar (CCEY*) which incorporates the 
above modifications/additions to the original CCFA 
medium (Brazier 1993), 


1. After removing enough sample for direct exami- 


nation for toxin(s), prepare a Gram film and note - 


the presence of any Gram-positive sporing rods. 
Also prepare a wet film and look for sporing rods 
showing typical oscillating motility when viewed with 
phase contrast microscopy. Note the presence of 
polymorphonuclear leucocytes and red blood cells. 

2. Examine the rest of the sample in the following 
three ways: _ 

(i) Plate out the faecal specimen directly on fresh 
selective medium — CCFA* or CCEY.* 

(11) Homogenize c. 1 ml of liquid or 1 g of solid 
faeces (a pea-sized piece) in 1 ml of industrial alcohol 
and leave for up to 30 min to kill off vegetative cells 
before plating out on selective medium. 

Giti) Set up an enrichment culture by inoculating 
a selective broth (CCF broth: as CCFA but omitting 
egg-yolk and agar and including sodium taurocholate 
1 g/litre to aid spore germination). The clinical value 
of enrichment culture is of some debate, but it may be 
useful in epidemiological or follow-up investigations. 

3. Examine plates after anaerobic incubation for 
24h at 37°C. The CCFA and CCEY media are 
highly selective, but an occasional yeast or lactoba- 
cillus may grow. On CCFA medium in which the 
egg-yolk has been replaced by blood, C. difficile 
colonies show a yellow/green fluorescence in long 
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wave (365 nm) UV light. Note also the characteristic 
smell. Re-incubate plates for a further 24h before 


discarding. The use of an anaerobic cabinet for 


jeep se ed 


incubation of CCFA plates is particularly valuable 
since it allows reincubation of plates after i inspection 
at 24 h without exposure to air. 

4. A rapid latex slide agglutination test (Micro- 
screen C. difficile, Mercia) can be used to confirm 
the ‘identity of colonies as C, difficile. Subculture 
any suspect colony tc BA and incubate anaerobically 
without delay, Subculture to AIMG medium; after 
24h at 37°C prepare a specimen from the AIMG 
culture for GC (see Ch. 30, Methods). A more rapid 
GC confirmation of this organism is done by demon- 
strating the presence of p-cresol and caproic acid in 
cores of agar beneath suspect colonies on CCFA 
medium supplemented with p-hydroxyphenyl acetic 
acid and DL nor-leucine (Phillips & Rogers 1981). 

5. IfGC is not available, do a range of biochemical 
tests as indicated in-Tables 30.1 and 31.4. 

6. Consider a typing or fingerprinting approach 
if this is available for the investigation of any sus- 
pected C, difficile outbreak. Isolates may also be 
assessed for cytotoxin production. 
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CLOSTRIDIUM BOTULINUM 


Botulism is a rare but often fatal intoxication of 


man and animals, C. botulinum spores are widely 
distributed in nature and botulism is the result of 
ingesting food in which C. botulinum has multiplied 
and produced toxin. The disease is characterized by 
pronounced toxic effects on the peripheral cholin- 
ergic nervous system in which the release of acetyl- 
choline at peripheral synapses is irreversibly blocked. 
After ingestion of the toxin, within 24h or less, 
there is progressive paralysis, often initially affecting 
oculomotor and oropharyngeal muscles. Death usu- 
ally results from paralysis of the muscles of respira- 
tion. C. botulinum types A-G are differentiated on 
the basis of their antigenically distinct but pharma- 
cologically identical toxins. Types A-F have been 
implicated as the cause of botulism in man or 
animals, with types A, B and E most frequently 
associated with human cases of disease. Type G 
however, has been isolated from soil and autopsy 
specimens but it has not been clearly indicated in 
causing paralytic illness or death. It has been 
proposed that type G C. botulinum together with 
some non-toxigenic strains of C. hastiforme and C. 
subterminale be reclassified as C. argentinense sp. nov. 
(Suen et al 1988). 
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Infant botulism is a more recently recognized dis- 
ease in which ingested C. botulnum spores multiply 
in the immature infant gut and produce toxin which 
is absorbed and produces a spectrum of disease 
ranging from a mild failure to thrive to paralysis and 
a sudden infant death syndrome (Arnon 1980). 

Wound botulism is an extremely rare disease arising 
from contamination of a wound or devitalized tissue 
with C. botulinum. The toxin gives rise to neurological 
symptoms after an incubation period of 4-14 days. 


Morphology and staining 


Straight or slightly curved rods, 4 x 1 4m but ranging 
from 2-10 x 0.5—2[1m, arranged singly or less 
commonly in pairs or short chains. Spores oval, sub- 
terminal and may slightly distend the cell; some 
highly toxigenic strains produce few spores. Motile 
with peritrichous flagella. Gram positive, but become 
Gram negative when sporulating. 


Cultural characters 


Strict anaerobe. Grows well on most rich laboratory 
media. The different toxin types also differ in their 
cultural characters and there is some vaniability 
within each toxin type. Smith (1977) divided the spe- 
cies into four groups (I-IV, see Table 32.1) based on 
cultural characters. Optimum temperature 30—37°C, 
depending on strain. Colonies on solid media after 
incubation for 48h are irregularly circular, large 
(3 mm), smooth, greyish, translucent, with a fibrillar 
edge that often becomes spreading. Most strains are 
haemolytic on horse blood agar. Proteolytic strains 
(A, B, F and G) produce partial clearing on heated 


“Table 32.1: Cultural a ripe of C. onde Gia nf a ; 


“smith 1977). ihe wey ag rae 
| “Characters of Cultural group 
kc | T Tl IV 
Fermentation of glucose + + + - 
_ Digestion of coagulated 
protein + ~ — + 
Hydrolysis of gelatin + + + 4 
Major-metaboli¢ .----—-- - 
products” A, P, iB, A, B APB A, iB, 
tte - Mek ull B, iV 
Toxin types A, BF B,E,F C,,C,,D G 


ee ee 


“Some strains show weak proteolysis. 


* Volatile fatty acids detected by gas chromatography : 


(GC): A, acetic; P, propionic; iB, iso-butyric; B, butyric; iV, 
iso-valeric. 


blood agar. All types except G produce restricted 
opalescence and a pearly lipolytic effect on egg-yolk 
agar (Willis 1977). Experience with selective egg- 
yolk agar containing cycloserine, sulphamethoxazole 
and trimethoprim indicates that this is very useful 
for the confirmation of botulism, especially infant 
botulism (Hatheway & McCroskey 1981). 


Biochemical reactions 


The groups shown in Table 32.1 show different 
biochemical reactions. Group I strains ferment glu- 
cose and fructose and produce variable or negative 
results with other sugars; group II strains ferment 
fructose, glucose, mannose and sucrose; group III 
strains ferment glucose, mannose and ribose; and 
group IV (type G) is asaccharolytic. The proteolytic 
activities of the various types are summarized in 
Table 32.1. Most strains are indole negative. Tables 
31.2, 31.4 and 31.5 indicate other biochemical 
reactions of interest. 

C. sporogenes is biochemically indistinguishable 
from C. botulinum group I, and C. novyi type A is 
biochemically indistinguishable from C. botulinum 
group III; differentiation of these organisms depends 
on specific toxin testing (Smith 1977). 


Toxins 


There are eight serologically distinct types — A, B, C,, 
C,, D, E, F and G. Slight cross-reactions occur 
between C,, C, and D, and between E and F. Most 
but not all of these toxins are synthesized as non-toxic 
or slightly toxic protoxins. Type A strains and some 
of the proteolytic type B and F strains produce a 
protease that activates the toxin; most type E strains 
and the non-proteolytic B and F strains require an 
exogenous protease to activate the toxin. Some 
strains of types C and E produce fully active toxins. 
All toxins are thermolabile and are inactivated by 
formaldehyde. Specific phages are involved in the 
production of toxin by C. botulinum types C and D, 
which can be interconverted; similarly, C. botulinum 
type C and C. novy1 type A can be interconverted 
by phages (Eklund & Poysky 1981). A few strains 
of toxin-producing C. butyricum have been isolated 
from cases of infant botulism and the toxin they 
produced was similar to that of C. botulinum type E. 
A DNA probe for the L chain of type E botulinum 
toxin hybridizes with the chromosomal DNA of 
toxigenic strains of C. butyricum but not to plasmid 
DNA. To date the only gene transfer for toxin which 
has been demonstrated between these types was 
from a toxigenic C. butyricum to a non-toxigenic 
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C. botulinum type E-like strain by means of a ‘helper’ 
non-toxigemic C. butyricum strain — apparently by 
transduction by a defective phage which was made 
infective by the helper strain (Zhou et al 1993). 


Spores 


C. botulinum spores are among the more resistant 
bacterial spores. There is a descending gradient of 
heat resistance from the most resistant spores of 
group I to the less resistant spores of group IIL. 
Spores of type A strains can resist boiling at 100°C 
for some hours. Spores of type E strains are said to be 
relatively heat sensitive, but this may be misleading; 
the heated spores of some type E strains do not 
germinate until they have been treated with lysozyme 
or a protemase. Spores of C. botulinum are also re- 
sistant to radiation, UV light, alcohols, and phenolic 
and quaternary ammonium compounds. They are 
relatively susceptible to hypochlorite, ethylene oxide 
and formaldehyde. The reader is referred to a review 
by Smith (1977, Ch. 3), 


Typing methods 


The specific toxin type 1s determined by toxin/ 
antitoxin neutralization tests In mice. Fluid speci- 
mens are mixed with monovalent type-specific anti- 
toxins (Institut Pasteur, 28 Rue du Docteur Roux, 
75724 Paris) and injected intraperitoneally into mice. 
Controls include heated and unheated specimens 
without antitoxins. 

The four groups of C. botulinum determined on the 
basis of cultural and biochemical tests appear to 
possess group-specific surface antigens. This led to 
the development of immunofluorescence reagents 
for use in identification. These reagents varied greatly 
in their usefulness (see Walker & Batty 1964). 
Wellcome used to produce a range of FITC-labelled 
antibodies but these are no longer available. Because 
of the known cross-reactions between C. botulinum 
and other clostridia, notably C. sporogenes and C. novyi 
but also many others (see Poxton & Byrne 1984, 
Poxton 1984), itis debatable whether there is any real 
place for an immunofluorescence test. 


Animal pathogenicity 


Intraperitoneal inoculation of culture fluid or cul- 
ture supernate into mice gives rise to respiratory 
difficulty in the animals within a few hours. Paralysis 
of abdominal muscles gives a wasp-waist appear- 
ance. A flaccid or generalized paralysis develops; 
death usually follows within 18-24 h but may take 
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up to 4 days. The internal organs are congested, and 
thromboses and haemorrhages are seen at autopsy. 


Laboratory diagnosis of botulism 


Note that C. botulinum and materials that may be 
contaminated with C. botulinum must be handled 
under appropriate containment conditions (Ch. 3). 
In the UK the Food Hygiene Laboratory at the 
Central Public Health Laboratories should be con- 
tacted immediately (tel. 0181 200 4400) and the 
specimens sent without delay, following the current 
advice which will be given for transport. 

Specimens to be investigated may include faeces, 
food, vomit, gastric fluid, serum, environmental 
samples and occasionally wound exudate or tissuc. 
The most conclusive proof of botulism is the de- 
tection and specific neutralization of toxin in the 
patient’s serum by toxin/antitoxin tests in mice. As 
direct toxin detection is not always possible, other 
investigations are added as a routine, and these in- 
clude culture and identification of the organism from 
specimens with subsequent detection of toxigenicity. 


Detection of toxin in serum, food, vomit, faeces 
or supernates 


The following procedure is adapted from that 
described by Willis (1977). 


1. Prepare liquid extracts of solid specimens by 
homogenization with an equal volume of sterile 
saline and subsequent centrifugation. 

2. As some toxins are activated by trypsin, treat 
half of the extract with trypsin solution (1% Difco 
Trypsin 1:250 in distilled water) in the proportions 
of 9 parts extract to 1 part trypsin solution, held 
for 1h at 37°C. The trypsin-treated and untreated 
samples are again divided into two; heat one por- 
tion of each sample to 100°C for 10 min to provide 
inactivated controls. Note: When testing for toxin 
in serum, trypsin treatment is unnecessary. 

3. Add penicillin to each of the four specimens 
to give a final concentration of 200 units/ml. 

4. Challenge three pairs of mice by intraperitoneal 
inoculation of the untrypsinized material as follows. 
Protect the first pair with intraperitoneal polyvalent 
botulinum antitoxin (A, B and E; Institut Pasteur) 
and challenge with 0.5 ml doses of the unheated 
material. Challenge the second pair, unprotected, 
in the same way. Challenge the third pair, also un- 
protected, with 0.5 ml doses of the heated material. 

5. Challenge a further three pairs of mice as above 
but with the trypsinized material. 
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Five results are possible: (a) Unprotected mice 
receiving unheated sample die, while protected mice, 
and those receiving heated sample survive; this con- 
firms the presence of botulinum toxin. (b) Increased 
toxicity of some toxins (e.g. type E) by trypsinization 
may cause death of protected animals — check by 
diluting sample. (c) If none of the protected animals 
survives, either toxin C, D or F, or a potent toxin 
of the other types is present. Repeat with mice pro- 
tected with C, D and F antisera and use diluted 
samples. Tetanus intoxication is another possibility — 
use mice protected with tetanus anti-toxin. (d) All 
animals die including those receiving heated sample — 
indicates a non-specific toxic substance. (e) All 
survive — indicates the absence of botulinum toxin. 


Culture of C. botulinum 


Direct detection of the organism in the specimen by 


a fluorescent antibody (FA) procedure is possible, 
but culture is often necessary and this is generally 
regarded as technically difficult. See Willis (1977) 
and Hatheway & McCroskey (1981) for a fuller 
account. 


1. If Gram-positive sporing rods are observed in 
a specimen, try direct plating, especially in a case of 
infant botulism. Egg-yolk agar (EYA) has been the 
medium of choice; a new selective EYA, C. botulinum 
isolation (CBI) medium® will probably supersede tt. 

2. Attempt enrichment as follows after adding 
sterile saline to the sample and homogenizing 1t if 
necessary. Divide the sample into two, Add an equal 
volume of absolute ethanol to one half, and leave 
the other portion untreated. Take 1 m] volumes of 
ethanol-treated and untreated samples and add these 
to two sets of three tubes of CMB. Hold one of each 
set in an 80°C water-bath for 10 min, and another 
pair for 20 min; the final pair is left unheated. This 
procedure selects for resistant spore-formers but 
also allows sensitive spores to survive in the untreated 
cultures. 

3. Incubate these cultures anaerobically at 30°C 
and screen at intervals for toxin production by mouse 
tests as above; FA tests may be of value as a first 
screen (see Methods, Ch. 31). If no toxin is detected 
after incubation for 3-5 days, C. botulinum should 
be considered not present. 

4. Plate any toxin-positive broth culture on to 
EYA and CBI medium. An anaerobic chamber 
should be used, especially if types C or D are 
suspected. Incubate plates at 30°C for 36-48 h. 
Colonies showing restricted opalescence and a pearly 
layer (lipase activity) should be subcultured to 


CMB and tested for specific toxin in due course. If 
toxin was detected at the enrichment stage and no 
opalescence or pearly layer effect is observed on the 
EYA subcultures, type G may be suspected. FA 
procedures may again be useful at this stage for rapid 
confirmation. 


La , + = 
far Ss sickeg S siay ey gus 


ODS _ 


gt tale 


e 
fetes 
ee ee ae 


Cefoxitin cycloserine fructose agar 
(CCFA) (George et al 1979) 


Basal medium 
Proteose peptone No. 2 (Difco) 40g 
NasHPO, 5g 
KH,PO, . 19 
NaCl 29g 
Anhydrous MgSO, 0.19 
Fructose 69g 
Agar 209g 
1% ethanolic solution of neutral red 3 ml 
Distilled water 1 litre 


Method. Sterilize basal medium at 121°C for 15 min 
in 100ml portions. Add to 100m! melted base at 
50°C: p-cycloserine (Sigma) to a final concentration 
of 250 pg/ml (originally 500 j1g/ml), cefoxitin (MSD) to a 
final concentration of 8 j1g/ml (originally 16 ng/ml), and 
5 ml of 50% Egg-yolk suspension (Oxoid). Alternatively, 
the egg-yolk may be replaced with 5m! of whole 
horse blood to make CCFA with blood. 

This medium can be obtained commercially from 
several suppliers, e.g. Unipath/Oxoid. 


Cefoxitin cycloserine egg-yolk agar 
(CCEY) (Brazier 1993) 


Fastidious anaerobe agar (Lab M) 23g 
p-Hydroxyphenylacetic acid 

(Sigma, H-4377) 0.59 
Cholic acid sodium salt 

(Sigma, C-1254) 0.5g 
Cefoxitin-cycloserine 

supplement (Oxoid) —8 jig/m! and 250 jig/ml" 
Egg-yolk emulsion 20 mi 
Lysed blood (horse or sheep) 5 mi 
Distilled water 500 ml 


* Final concentration of cefoxitin and cycloserine 
respectively 


Method. Suspend the first three ingredients in 
distilled water and sterilize at 121°C for 15 min. Cool 
to 50°C before adding antibiotics, blood and egg-yolk. 
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Assay for C. difficile cytotoxin 


The specimen may be liquid faeces, or the homogenate 
of solid faeces in physiological saline, or the supernate 
of a 5 day culture of C. difficile in BHI/PP broth (Brain 
heart infusion (Oxoid) 3.7% w/v and Proteose peptone 
(Difco) 1% w/v). The supernate may be filter-sterilized, 
but this is unnecessary. 

Prepare four-fold serial dilutions of the test liquid 
in physiological saline and add 10 pl volumes.to 90 1! 
of Eagle’s modified maintenance medium (Gibco; 
Flow) containing penicillin (200 units/ml), streptomycin 
(200 pg/ml), gentamicin (10 pg/ml) and amphotericin 
B (20 pg/ml), over monolayers of human embryo fibro- 
blasts (or a wide range of other cell lines) in Microtitre 
plates (see Ch. 40). The highest dilution of the test 
fluid that produces complete rounding of more than 
50% of the cells after incubation for 24 h at 37°C gives 
the cytotoxin titre. Neutralization is performed by 
adding 10 ul of a 25-fold dilution of C. difficile antitoxin 
(Pragma, West Wickham, Kent, UK) to a duplicate 
series of weils, A positive control, either a known posi- 
tive faecal extract or a purified C. difficile cytotoxin, 
should be included; we have found no loss in potency 
if the toxin control is frozen and thawed several times. 


Clostridium botulinum isolation (CBI) 
medium (Dezfulian et al 1981) 


Antibacterial supplements. Prepare the following 
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solutions and sterilize by filtration: p-cycloserine, 1% 
solution in water; sulphamethoxazole, 1.9% solution 
in water — add 10% NaOH till dissolved; trimethoprim, 
0.1% solution in water — add 0.05 mol/itre HCI till 
dissolved. 


Basal medium 

Trypticase peptone (BBL) 40g | 
NasHPO, - §g i 
NaCl | 29g O 
MgSO,, 5% aqueous solution 0.2 ml 
p-glucose , | Beg 

Yeast extract (Difco) 5g 

Agar 20g 
Distilled water 900 ml 


Method. Adjust to pH 7.4 and autoclave at 121°C 
for 15min; cool to 55°C. Add 100 ml of Egg-yolk 
suspension (50% in saline; Difco) and antibacterial 
supplements prepared as above: p-cycloserine, 25 ml 
(250 mg); sulphamethoxazole, 4 ml (76mg); and 
trimethoprim, 4 ml (41mg). _ 

Store plates in an anaerobic chamber for at least 
4h before use. 

Note: |In the original paper (Dezfulian et al 1981) 
the growth of toxin types C and D of C. botulinum 
was not investigated. Recent work in our laboratory 
has shown that type C strains do not grow on this 
medium. : 
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Treponema: serological tests for syphilis 


H. Young 





The general term spirochaete is often used to 
embrace Treponema species and organisms of simular 
spiral morphology belonging to the genera Borrelia 
and Leptospira (see Ch. 34). 

Syphilis is an infectious venereal disease caused by 
Treponema pallidum subspecies pallidum (T. pallidum). 
A primary lesion or chancre tends to appear on the 
genitalia at the site of entry of treponemes. The dis- 
ease is systemic from the onset and the natural course 
of infection may span several decades (Robertson 
et al 1988a). T. palhdum is the only pathogenic 
treponeme indigenous to Britain. Other morphologic- 
ally indistinguishable treponemes that are patho- 
genic for man include T. pallidum subspecies pertenue, 
the cause of yaws, a non-venereal but commu- 
nicable disease found in tropical countries, and 7. 
carateum, the cause of: pinta, a mild contagious 
disease similar to yaws but confined to Central and 
South America. 

These pathogenic treponemes cannot be cultured 
in vitro, either alone or with mammalian cells of 
various types. In contrast commensal treponemes 
can be cultured successfully in artificial media. Many 
commensal species occur in the mouth (eg. T. 
macrodentium and T. microdentium) and on the mucous 
surfaces of the genitalia (e.g. T. calligyrum, T. genitalis) 
where their differentiation from 7. pallidum is of 
importance in the diagnosis of primary syphilis. 

Cultivable spirochaete-like organisms have fre- 
quently been observed in large numbers in the lower 
intestinal tract of humans, where their role in disease 
is controversial. The observation of spirochaetes 
in the bowel of as many as 30-36% of homosexual 
men compared with only 2-8% of heterosexual men 
is striking and may provide clues as to their role, if 
any, in health and disease. A major obstacle has been 
the lack of adequate taxonomic data, although it 
seems likely that the term ‘intestinal spirochaetes’ 
refers to a heterogeneous group of organisms (Ruane 
et al-1989). 


TREPONEMA PALLIDUM 


Morphology and staining 


A very delicate, spiral filament 6-14 pm (average 
10 1m) by 0.2 um, with 6-12 coils which are com- 
paratively small, sharp and regular; the length of the 
coils is about 1 um and the depth 1-1.5 1m; the 
ends are pointed and tapering. A capsular or slime 
layer has been observed occasionally on the surface 
of T. pallidum and may explain the lack of serological 
reactivity of organisms freshly isolated from animal 
tissues. A multilayered membrane, referred to as the 
outer envelope or outer membrane, encloses the 
cell; the viability of spirochaetes is dependent on an 
intact outer envelope. 

Usually three, but occasionally four, endoflagella 
lie inside the outer membrane and are inserted at 
the tapering portion at each end of the cell. The 
endoflagella are more than half the length of the 
organism and run along the axial aspect of the spiral 
body (Penn & Pritchard 1990). They have a form 
typical of bacterial flagella, with a basal body with 
disc- or collar-like structures which interact with 
layers in the cytoplasmic membrane and cell wall. 
The endoflagella are presumed to be responsible for 
motility although there is no direct evidence for this. 
Spirochaetes show rotary corkscrew-like motility 
and also movements of flexion; angulation, with the 
organism bending almost to 90° near its centre, is 
highly characteristic of 7. pallidum. Its progression 
is relatively slow compared to that of many motile 
bacteria. 

T. pallidum is feebly refractile, and darkground 
iJlumination is normally used to visualize the organ- 
ism. It cannot be seen by ordinary staining methods; 
special techniques, such as silver impregnation, may 
be used to demonstrate the organism, particularly 
in tissue, but this tends to alter the morphology. 
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Iimmunofluorescence methods can now be used to 
detect treponemes in tissues and body fluids. 


Cuitivation 


The Nichols strain of T. pallidum was isolated in 1913 
from the CSF of a patient with neurosyphilis; it is 
still virulent for man and is maintained in rabbits 
by intratesticular inoculation and weekly passage. It 
divides by binary fission approximately once every 
30 h when environmental conditions are favourable. 
It is generally agreed that pathogenic T. pallidum has 
not been cultivated in artificial media, embryonated 
eggs or tissue cultures. However, there is now a 
better understanding of the conditions that permit 
prolonged survival of treponemes in vitro, with reten- 
tion of their pathogenicity for animals. Pathogenic 
treponemes (unlike cultivable non-pathogens) attach 
themselves to mammalian cells in culture. The 
discovery that 7. pallidum is microaerophilic rather 
than a strict anaerobe has aided the prolonged 
survival of these microorganisms in vitro (Fieldsteel 
et al 1982, Norris & Edmonson 1986). 

The genetic relationships between T. pallidum 
and cultivable treponemes have been studied by 
reassociation assays with '*’I-labelled treponemal 
DNA (Miao & Fieldstee] 1978). Three groups were 
distinguished: virulent Nichols strain of T. pallidum; 
I’. phagedenis and its biotype Reiter; and T. refringens. 
Features such as the diameter and amplitude of 


_ the spiral, the number of axial filaments and the 


presence of intracytoplasmic microtubules can be 
used to differentiate between the pathogenic non- 
cultivable treponemes, which have similar ‘if not 
identical morphology, and the cultivable treponemes 
(Hovind-Hougan 1976). 


Sensitivity to physical and chemical 
agents 


T. pallidum is so feebly viable outside its host that 
syphilis is ordinarily acquired only by sexual inter- 
course. The organism dies rapidly in water and is 
very sensitive to drying. However, it can remain 
viable and maintain its virulence in necropsy material 
for some time at room temperature, and in serum 
kept in sealed capillary tubes it remains motile for 
several days. It is readily killed by heat, e.g. 41.5°C 
for 1h. When infected blood is stored at 5°C in 
citrate anticoagulant, infectivity is lost in 120h or 
less. Treponemes survive for only a few days or 
weeks at—10 to—20°C but remain viable for extended 
periods at -45°C and for an indefinite period when 
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stored at —78°C, Freezing followed by desiccation 
(freeze-drying) kills the organism. 


Antibiotic sensitivity 


Although a method has been described for deter- 
mining MICs and MBCs of antimicrobial agents 
against 7. pallidum (Norris & Edmondson 1988) the 
procedure is outside the range of all but highly spe- 
clalized laboratories. Susceptibility testing may be 
of value in assessing new antimicrobial agents and 
monitoring possible changes in suceptibility of T. 
palhdum to existing agents but it does not currently 
apply to individual therapy. Penicillin remains the 
drug of choice in treating syphilis. Therapeutic regi- 
mens for early syphilis should aim to maintain a mini- 
mum serum penicillin concentration of 0.03 units/ml 
for a period of 10-15 days. Acceptable alternatives 
in penicillin-allergic patients include ceftriaxone or 
doxycycline (Goldmeier & Hay 1993).. 

Although 7. pallidum is extremely sensitive to 
penicillin (healing of lesions occurs rapidly and 
treponemes disappear from early stage lesions), bio- 
logical cure (i.e. eradication of treponemes) is diffi- 
cult to prove since 7. pallidum cannot be cultured in 
vitro. In a few patients who have been adequately 
treated with penicillin, residual 7. pallidum has 
been detected in CSF, lymph nodes, etc., by electron 
microscopy; in a very few cases some of these 
treponemes were inoculated into rabbits and pro- 
duced typical lesions. In such cases the surviving 
treponemes remained penicillin-sensitive and these 
patients may be considered to indicate treatment 
failure, probably due to abnormal penicillin meta- 
bolism in the patients (‘quick penicillin secretors’), 
rether than acquired drug resistance. 


Animal pathogenicity 


Intratesticular injection leads to a syphilitic orchitis 
in rabbits; intradermal inoculation also produces 
lesions. Experimentally infected rabbits have been 
widely used to test various antisyphilitic drugs and to 
study the immune response to T. pallidum. Monkeys 
and anthropoid apes can also be infected experiment- 
ally. At present the only source of 7. pallidum for 
preparing antigens and for experimental work is 
from the testes of infected rabbits. The production of 
specific 7. pallidum protein antigens in Escherichia coli 
is ethically preferable to animal culture and would 
overcome the technical problems of producing large 
quantities of pure antigen from rabbit testes. Details 
of production and a list of the 25 or so T. pallidum 
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recombinant antigens produced so far are given by 
Norris et al (1993). 


Laboratory diagnosis of syphilis 


In recent years there have been several developments 
in relation to syphilis and its diagnosis (Young 1992) 
and these must be taken into account in our current 
diagnostic approaches. The epidemiology of syphilis 
has changed considerably, probably because of be- 
havioural changes resulting from fears concerning 
HIV and AIDS. In the UK and many parts of Europe 
there has been a marked decline in early syphilis: the 
incidence in the UK is now in the region of 1—2 cases 
per 100 000. Syphilis however remains an important 
infection in many parts of the world; in the United 
States, after an initial overall decline in the mid 
1980s, which was due largely to fewer infections in 
homosexual men, there was a marked increase in 
heterosexually acquired infection. The incidence of 
early infection reached a peak in 1990 with 18 cases 
per 100000 and subsequently fell to 13 cases per 
100000 by 1992 (Centers for Disease Control 
1993), There was a concomitant increase in congeni- 
tal infection which also peaked around 1990—91 ata 
rate of almost 20 cases per 100 000 live births. 

The many interactions between syphilis and HIV 
demand that every patient with positive syphilis 
serology should be tested for HIV (with the patient's 
informed consent) and that every HIV-positive 
patient should be tested for syphilis (Anonymous 
1989). Control of genital ulcer disease such as 
syphilis which disrupts the integrity of the mucosal 
epithelium thus increasing susceptibility to HIV 1s 
therefore important in the control of HIV infection. 
Other important considerations are the findings 
reviewed by Rufli (1989) and Young (1992) that: (1) 
HIV-infected patients who acquire syphilis may fail 
to produce anti-treponemal antibodies. ‘This has 
extremely serious implications for the diagnosis and 
control of syphilis, although some of the patients de- 
scribed as seronegative are more accurately classified 
as showing ‘delayed seropositivity’. (2) Serological 
evidence of treated syphilis may disappear after 
patients become infected with HIV. Accordingly, 
negative specific serology does not necessarily ex- 
clude a past syphilis infection in patients with AIDS. 
(3) The natural course of syphilis is altered in HIV- 
infected patients: Syphilis rums a more severe course 
and lesions may be more aggressive in both early 
and ‘late stage disease. Neurological complications of 
secondary syphilis occur more frequently and at an 
earlier stage and may increase the risk of treatment 
failure. 
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The above changes and interactions are important 
with regard to the role of the laboratory in screening 
as well as confirming a clinical diagnosis of syphilis 
by (a) demonstrating T. pallidum in the exudates 
from the lesions, or (b) demonstrating antibodies in 
the serum. 


Demonstration of T. pallidum.in lesion 
exudates 


Darkground microscopy 


The infectious stages of treponemal infections can 
usually be diagnosed most quickly and effectively 
by the demonstration of motile treponemes in wet 
preparations of serous exudate expressed from sus- 


- pected primary and secondary lesions. Where topical 


antibiotics have been used, examination of material 
obtained by lymph gland puncture may prove useful. 

As there is a serious risk of infection it is important 
to use gloves when obtaining material for darkground 
microscopy. After cleansing the surface of the lesion 
with a swab soaked in sterile saline, serum is squeezed 
by gentle pressure from the depth of the lesion, ‘This 
serum may be collected directly on a glass cover-slip 
or, if this is difficult, in a glass capillary tube. One 
end of the capillary is heated to expel fluid neatly on 
to the centre of a cover-slip, which is then positioned 
on a slide, After firmly pressing the cover-slip and 
slide between pieces of filter paper, the preparation 
can be examined by darkground illumination using 
the oil-immersion objective. 

T. pallidum is recognized by its slender structure, 
characteristic slow movements and angulation. It 
must be carefully distinguished from other treponemes 
that may occur in genital ulcers, but these tend to 
be surface organisms and are not found in the depth 
of the lesions. Nevertheless, because of interference 
from commensal spirochaetes, darkground micro- 
scopy may not be reliable in the case of rectal and 
non-penile genital lesions. If the initial test is nega- 
tive the procedure should be repeated daily for at 
least 3 days; antibiotics should be withheld during 
this period although sulphadimidine and local saline 
lavage may be used to reduce local sepsis. Organisms 
are not easily found in skin lesions of secondary 
syphilis except those in moist skin areas.. Other 
drawbacks to darkground microscopy in this context 
(Lukehart & Baker-Zander 1988) include the need 
to examine potentially infectious specimens that 
may also contain HIV (unfixed material must be 
examined within 10—30 min to maintain treponemal 
motility). Accurate interpretation of darkground 
microscopy demands much experience but, with the 
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decrease in primary syphilis in Europe, opportunities 
for gaining the aeeeenty experience in Europe are 
limited. ane 


Immunofiuorescent staining 


The direct fluorescent-antibody staining for T. 
pallidum (DFA-Tp) test whereby a smear of exudate 
is made-.on a slide, fixed in acetone, and sent to 
the laboratory, overcame the problem of examining 
potentially infectious material but did not solve 
the problem of specificity. Originally, smears were 
stained with a conjugated syphilitic serum made 
specific for T. pallidum by absorption with cultivable 
treponemes (Daniels & Ferneyhaugh 1977), In spite 
of the absorption stage the DFA-Tp test gave non- 
specific results and was less reliable than darkfield 
microscopy (Luger 1981). The use of a DFA-Tp test 
based on a fluorescein-labelled pathogen-specific 
monoclonal antibody (H9-1) specific for a 47-48 kDa 
antigen on 7. pallidum subspecies (Lukehart et al 
1985) results in 100% specificity (Hook et al 1985). 
If the monoclonal antibody. DFA-Tp test becomes 
widely available commercially it may make darkfield 
microscopy redundant. 


Enzyme immunoassay (EIA) and the 
polymerase chain reaction (PCR) 


The Visuwell Syphilis Antigen EIA is a recent com- 
mercial attempt (ADI Diagnostics) to develop an 
alternative to microscopy for detecting 7. pallidum 
in early lesions. Antigen extracted from lesion ma- 
terial collected on a swab is captured by a pathogen- 
specific monoclonal antibody reactive with a 47 kDa 
protein and detected by rabbit polyclonal antibody 
against 7. pallidum. The presence of captured antigen 
is demonstrated by a goat anti-rabbit urease conjug- 
ate. Although EIA may be comparable to dark- 
ground microscopy with regard to sensitivity, lack 
of specificity is a major problem. While PCR is 
highly specific with regard to a wide range of organ- 
isms (Hay et al 1990, Burstain et a] 1991), the tests 
used so far will not differentiate between T. pallidum 
subspecies pallidum and the closely related T. pallidum 
subspecies pertenue and are of no help in differen- 
tiating between yaws and syphilis. PCR remains a 
research method although its suitability for detecting 
DNA in various specimens in early syphilis has 
been investigated in experimentally infected rabbits 
(Wicher et a] 1992), 


identification of T. pallidum in tissues 
The report that the diagnosis of secondary syphilis in 
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an HIV-infected man with Kaposi sarcoma required 
biopsy of a skin lesion with silver staining to show 
spirochaetes (Hicks et al 1987) re-awakened interest 
in this form of diagnosis. The Centers for Disease 
Control (CDC), Atlanta, recommend that when 
chnical findings suggest syphilis, but serological tests 
are negative, biopsy tissue should be examined by 
immunofluorescence or silver staining (Anonymous 
1989). ‘These procedures are not part of routine 
diagnosis and should be performed only by highly 
specialized laboratories. 


Serological diagnosis of syphilis 


There is no demonstrable immunologica! difference 
between the treponemes responsible for syphilis, 
yaws or pinta. Although this should not often give 
rise to problems in the UK, the possibility should be 
borne in mind with patients from areas where these 
diseases are endemic. 

The various methods used to measure antibody 
responses in treponemal infection can be divided into 
two major categories: (1) tests to measure antibodies 
produced against non-specific treponemal antigens, 
1.e, the cardiolipin or lipoidal] antigen tests, formerly 
referred to as ‘reagin’ tests; and (2) tests to measure 
antibodies against antigens specific for pathogenic 
treponemes, i.e. the 7. pallidum haemagglutination 
assay (IT PHA), enzyme immunoassay (EIA) and the 
fluorescent antibody absorbed test (FTA-ABS), 


Cardiolipin antigen tests 


Cardiolipin, a complex diphospholipid, is widespread 
in nature and can be isolated from many mammalian 
tissues as well as from treponemes. Cardiolipin for 
use as antigen is traditionally prepared from mam- 
malian tissues such as beef heart. Only a few of the 
numerous tests for detection of antibodies to cardio- 
lipin antigen are still widely used. 

The classical Wassermann complement fixation 
test has been almost completely replaced by the 
Venereal Diseases Research Laboratory (VDRL) test 
or one of its modifications (Young & Penn 1990); 
these tests are cheaper, more rapid and simpler to 
perform and control. In its original form the VDRL 
test is performed by mixing heat-inactivated patient’s 
serum with a freshly prepared suspension of cardio- 
lipinlecithin—cholesterol antigen and reading the re- 
sulting flocculation (aggregation of antigen—antibody 
complexes in suspension) microscopically with a 
low-power objective. Most laboratories now use 
a rapid plasma reagin (RPR) test which employs a 
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stabilized VDRL carbon antigen (e.g. Murex); this 
antigen comprises VDRL antigen with choline chlo- 
ride (to block inhibitors in serum, eliminate the need 
for heat-inactivation and allow testing of plasma), 
EDTA (to stabilize the antigen and allow it to be 
used for up to 6 months when stored at 4-1 0°C), and 
finely divided carbon particles (to enable the result 
to be read by eye instead of microscopically). A 
fingerprick blood sample can be tested on plastic 
or paper cards, making the RPR test useful in field 
studies in developing countries. A modification of 
the RPR, the Toluidine red unheated serum test 
(TRUST), may have an additional advantage in 
hot climates as the antigen is more stable than RPR 
antigen on storage at room temperatures of 26-31°C 
(Parham et al 1984). The sensitivity and specificity of 
the VDRL, RPR and TRUST tests are similar (Luger 
1988). Tests such as the RPR can also be automated 
for use in centres where large numbers of specimens 
must be tested. | 

Because of their simplicity and accuracy, the 
cardiolipin antigen tests are used as screening or first- 
line procedures for both routine diagnosis and mass 
screening programmes. These tests usually become 
positive 10-14 days after the appearance of the 
chancre, the titre gradually increasing. The titre 
diminishes and the test tends to become negative 
after treatment. In late or latent syphilis the cardio- 
lipin antigen tests are often negative. A more serious 
limitation of these tests is the occurrence of false- 
negative reactions resulting from an excess of 
antibody which prevents the formation of antigen- 
antibody complexes — the prozone phenomenon; a 
positive reaction is usually obtained on diluting the 
serum. Attention has been drawn to the importance 
of the prozone phenomenon in routine screening 
(Young etal 1992, Young 1992), in detecting syphilis 
in patients with HIV (Jurado et al 1993) and in 
ante-natal screening: four cases of false-negative 
serological tests due to the prozone phenomenon 
were encountered in women who gave birth to infants 
with congenital infection (Berkowitz et al 1990). The 
prozone phenomenon was also considered to be 
responsible for a false-negative VORL reaction with 
cerebrospinal fluid (CSF) from an HIV-positive 
patient with neurosyphilis (Feraru et al 1990), 

Since cardiolipin antigen tests detect antbodies 
against a non-specific antigen shared by treponemes 
and mammalian tissues, a positive result is some- 
times obtained with sera from healthy individuals or 
patients without clinical evidence of syphilis; these 
reactions are termed Biological False Positives 
(BFP). Tests using specific 7. palkdum antigen are 
required to distinguish between positive cardiolipin 
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antigen tests resulting from BFP reactions and those 
due to treponemal infection. 


T. pallidum haemagglutination assay 


The TPHA (e.g. Fujirebio) is very simple to perform 
and was the first of the specific tests suitable for 
routine screening. It is often negative in untreated 
primary syphilis (possibly owing to variability in the 
IgM-binding capacity of the TPHA reagent). In gen- 
eral, the TPHA is more sensitive and more specific 
than the FTA-ABS test (Luger 1988). Occasionally, 
false-positive haemagglutination may result from 
heterophile antibody in the serum of patients with 
infectious mononucleosis. (This occurs only if the 
control cells fail to agglutinate, otherwise a non- 
specific agglutination reaction would be recorded.) 
In certain tropical countries a small percentage of 
BFP reactors have also given apparent false posi- 
tive TPHA results; because of the sensitivity of the 
test, these could represent the residue of previous 
infection with endemic treponematosis. 


Enzyme immunoassay 


A major advantage of EIA is its suitability for auto- 
mation, including electronic generation of reports. 
The development of EIA in syphilis diagnosis, since 
its first use in 1975 (Veldkamp & Visser 1975) to the 
development of commercial tests, has been reviewed 
elsewhere (Young & Penn 1990). The most widely 
used commercial EIA is Captia Syphilis G (Centocor) 
in which antibody bound to T. pallidum antigen 
coated on to a plastic well is detected by a tracer 
complex comprising biotinylated monoclonal anti- 
body against human IgG and streptavidin-horseradish 
peroxidase conjugate. The overall sensitivity of 
Captia G is almost identical to that of the TPHA 
and although the specificity may be slightly lower 
it is ideal as a screening test (Young et al 1992), In 
spite of using an anti-treponemal IgG conjugate, 
sensitivity in primary syphilis is high as has been 
found in a number of reports using both ‘in-house’ 
and commercial EIA systems (Young 1992). 


Fluorescent antibody absorbed test 


In the FTA-ABS test (e.g. Mast), binding of specific 
antibody by 1. pallidum is demonstrated by the indi- 
rect immunofluorescence technique. The FTA-ABS 
is an accepted reference test and is highly specific and 
sensitive at all stages of syphilitic infection although 
a small percentage of false positive reactions occurs, 
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e.g. In patients with systemic lupus erythematosus 
and other connective tissue diseases. 


Other serological tests 


The T. pallidum immobilization (TPI) test (Nelson & 
Mayer 1949) was the first to use specific treponemal 
antigen but it has been superseded by the TPHA and 
FT'A-ABS tests (Rein et al 1980, Sprott et al 1982). 
Because the TPI test employs live treponemes it 
is time-consuming, expensive and technically de- 
manding. A few reference laboratories still perform 
the TPI test on selected sera for research purposes. 
The Reiter protein complement fixation (RPCEF) test 
detects antibodies produced against a group-specific 
treponemal antigen shared by pathogenic and com- 
mensal treponemes. Since the Reiter treponeme can 
be grown in relatively simple media, sufficient anti- 
gen can readily be obtained for large-scale screening. 
The RPCF test has now been superseded by the 


“TPHA. 


A more detailed discussion of tests available for 
diagnosis of syphilis is given by Luger (1988) and 
Robertson et al (1988b). 
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METHODS 


As almost all serological tests for syphilis are now 
performed with commercial kits it is essential that 
tests are performed according to the manufacturer's 
recommended instructions unless there are good 
reasons for deviating from these. For example, in the 
Captia Syphilis G EIA (Centocor), when using manual 
pipetting rather than an automated system, the author 
recommends that sera are pre-diluted 1:19 (20 ul + 
380 j1!) and 100 pl transferred to the microtitre strip 
well rather than making an in-well dilution of 1:20 
(5 yu! + 100 pI). Guidance regarding procedures for the 
performance of the VDRL, TPHA and FTA-ABS test 
can be found in the previous edition of this book. Alter- 
natively readers may wish to consult the CDC Manual 
of Tests for Syphilis 1990, edited by Sandra Larsen, 
Elizabeth Hunter and Stephen Kraus. Whichever test 
kits and strategies are used it is essential that laboratories 
participate in external quality assurance programmes 
(e.g. NEQAS in the UK) as well as maintaining a high 
level of internal quality control (see Ch. 1). 


Serological screening 


The continuous serological screening of pregnant 
women, blood donors and ‘at risk’ groups is helpful 
in the detection and control of syphilis. When used 
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together, the VDRL and TPHA tests provide a highly 
efficient screen for the detection or exclusion of 
treponemal infection; both are simple to perform and 


can be readily -quantified.-Their activity~is -comple-- 


mentary; the VDRL test is more sensitive than the 
TPHA in the detection of very early syphilis while the 
TPHA is more sensitive than the VDRL in the detection 
of latent and late infection. 

The Captia Syphilis G EIA gives an overall per- 
formance equivalent to that of the VDRL and TPHA 
combination and can be used as a single readily auto- 
mated screening test (Young et al 1992). Although 
this test detects only anti-treponemal IgG, by the time 
clinical signs develop most patients have both IgG and 
IgM antibody (Baker-Zander et al 1985). Therefore, 
provided that clinicians are aware of the ‘seronegative 
window’ that may exist for 1-2 weeks during the early 
primary infection (usually before symptoms appear), 
maintain a high index of clinical suspicion and have the 
facility to request additional tests (e.g. specific IgM or 
FTA-ABS) in cases of suspect primary infection, then 
detection of early infection will not be compromised 
by using anti-treponemal IgG EIA as a single screening 
test. The FTA-ABS is not suitable for screening large 
numbers of sera and is reserved as a confirmatory test 
when one of the screening tests is positive. Unfortu- 
nately there is a correlation between false reactivity in 
the FTA-ABS test and false reactivity on screening 
with EIA (Chronas et al 1992). The TPHA is the most 
specific test and, with the possible exception of very 
early primary syphilis, provides a highly reliable con- 
firmation of the treponemal status of sera positive on 
screening with EIA. 


Interpretation of serological tests 


A negative result in either (1) the EIA, or (2) the VORL 
and TPHA screening schedule has a high negative 
predictive value for excluding current or previous 
treponemal infection and further tests are not normally 
necessary. Note however that some 10-30% of pa- 
tients with previous syphilis who acquire HIV may lose 
serological markers for syphilis as the HIV infection 
progresses. The pattern of results obtained following 
reactivity on screening and subsequent confirmatory 
testing by the FTA-ABS test may give valuable infor- 
mation as to the stage of infection. Table 33.1 provides 
a guide, but it is important to remember that each 
case must be interpreted individually in the light of 
available clinical and epidemiological data. Because 
of the serious social and medical implications, a diag- 
nosis of syphilis should never be made from the results 
of a single blood specimen. 

Quantitative test results may also prove helpful. 
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As there is now extensive experience with VDRL and 
TPHA over many years, it is valuable to do these 
quantitative tests on specimens that are positive on 
EIA screening. During the primary stage of infection the 
VDRL titre rises to 8 or 16. VDRL tests with titres of 
16-128 are commonly found in secondary syphilis 
and active cardiovascular or neurosyphilis. After the 
secondary stage the VDRL titre declines and eventually 
becomes negative in c. 30% of untreated latent and 
late cases. 

The TPHA test is often negative in early primary 
syphilis but may become positive at low titre (80-320) 
towards the end of the primary stage. Titres rise sharply 
during the secondary stage and commonly reach 5120 
or greater. The TPHA titre declines during the latent 
stage but invariably remains positive at a relatively 
lower level (80-640). 

Response to treatment. The cardiolipin antigen 
tests primarily reflect disease activity. These tests 
tend to become negative after treatment, particularly in 
early syphilis. Serial quantitative VDRL testing provides 
the best means of measuring response to treatment 
in most stages of treponemal infection. 

Differentiation of treated, partially treated and un- 
treated syphilis. The anti-treponemal IgG EIA, TPHA 
and FTA-ABS tests usually remain positive for life, even 
in those who have been fully treated with adequate 
doses of penicillin. On the premise that detection of 
specific anti-treponemal igM will denote active syphilis, 
several methods for demonstrating specific IgM anti- 
bodies have been investigated. 

One of the most widely used methods relies on 


the detection of anti-treponemal igM with monospecific 


fluorescein-labelled anti-human immunoglobulin in 
the FTA-ABS test. The performance of this test with 
unfractionated serum (the IgM-FTA-ABS test) is un- 
satisfactory as false positive and false negative results 
are common. Reliable results are obtained when 19S 
(Ig) antibodies are separated from those of the 7S 
(igG) class by gel filtration before performing the test; 


“Table 33.1 “Pattern Of results of serological tests in different Stages of acquired syphilis. |. PA peh parse ae LPR PN a 
«keys positives. a =pegatives Bae usually postive at aid titre but may | be. negative; =f usually: negate bul may ae post ve ath Ve 
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False-positive reaction; repeat to exclude primary infection 
False-positive EIA (and possibly FTA-ABS); repeat to exclude primary infection 
Primary infection; dark-ground investigation of lesion may be positive 
Untreated (or recently treated); probably beyond the primary stage 
Treated or partially treated al any stage;-untreated lale or latent 
History of treated syphilis 
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this test is known as the 19S-IlgM-FTA. However this 
is a time-consuming and technically demanding proce- 
dure and is normally restricted to research and 
reference laboratories. Simpler methods of detecting 
specific IgM by haemagglutination and enzyme-linked 
immunosorbent assays are described by Luger (1988). 

The Captia Syphilis M EIA test (Centocor) detects 
anti-treponemal igM by p-chain capture: specific IgM 
is detected by a tracer complex of T. pallidum antigen 
linked to biotinylated monoclonal antibody against 
T. pallidum and streptavidin-conjugated horseradish 
peroxidase. Because of the use of the tracer complex, 
false positive reactions are not likely to result from 
rheumatoid factor (\isseimuiden et al 1989). The Captia 
Syphilis M test has high sensitivity, comparable to 
the 19S-igM-FTA, in early infection (Ijsselmuiden et al 
1989, Lefevre et al 1990). However, sensitivity is poor 
in both tests in late infection (Lefevre et al 1990). In 
patients with positive serological tests who lack a 
history of recent adequate treatment, a reactive anti- 
treponemal! IgM test supports the need for treatment. 
Occasionally, however, the sera of patients who have 
been adequately treated will contain 8S IgM that 
may react in assays where immunoglobulins are not 
fractionated prior to testing (Muller & Lindenschmidt 
1982, Tanaka et al 1984). Untreated or inadequately 
treated infections, particularly beyond the early stages, 
as well as re-infections, cannot be excluded reliably 
on the basis of a negative anti-treponemal IgM test, 
and due consideration must be given to clinical find-. 
ings, the history of the patient, and quantitative VDRL 
and TPHA tests. 


Congenital syphilis 

This is a conditon caused by infection in utero with 
T. pallidum. Although rare in the UK, in the USA there 
was a very marked increase in congenital infection 
from the late 1980s through to 1991, highlighting the 
need for appropriate surveillance and diagnostic tests 
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(Centers for Disease Control 1990). Awide spectrum of 
severity exists, and only severe cases are clinically 
apparent at birth. The serological diagnosis of congeni- 


‘tal syphilis is complicated because many of the stand- 


ard serological tests depend on IgG and IgM antibody 
responses: the IgG found in the serum of neonates 


_is largely passively acquired through the placenta. The 


demonstration of specific anti-treponemal IgM by the 
19S-lgM-FTA strongly supports a diagnosis of congeni- 
tal infection. The simpler Captia Syphilis M EIA also 
correlates well with congenital infection (ljsselmuiden 
et al 1989) while Western Blotting may also prove a 
useful diagnostic method (Meyer et al 1994). Serial 
examinations are recommended because specific anti- 
treponemal IgM may not be detectable for several 
weeks after birth, possibly. due to the suppression of 
neonatal IgM synthesis by high levels of circulating 
maternal IgG. It is helpful to compare maternal and 
neonatal sera in parallel. A significantly higher titre in 
the neonate than in the mother suggests infection. 
Also, antibody titres will rise in a baby that has been 
infected, whereas in the absence of infection, e.g. when 
the mother has been treated during pregnancy, pas- 
sively transferred antibody detected by the VDORL will 


decrease in titre and the test will become negative 


in approximately 3 months; owing to their greater sen- 
sitivity treponemal antigen tests usually take slightly 
longer to become negative. 


Diagnosis of neurosyphilis: examination 
of CSF 


The use of CSF for routine screening tests in patients 
in whom there /s no clinical suspicion of syphilis is un- 
justified; a negative TPHA test on the blood will virtually 
exclude active neurosyphilis and is a better screen for 
the detection of all forms of late. syphilis. 
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However, in cases selected on clinical grounds 
backed by a positive TPHA test on blood, investigations 
should be carried out on the CSF to detect early 


“invasion of the central nervous system (GNS)--A-total 


volume of 8-10 ml is usually sufficient to carry out the 
necessary tests; note that contamination of the CSF 
specimen with even a smali amount of blood can give 
misleading results. 

Investigation of the CSF should include a cell count, 
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IgM. Cell counts exceeding 5 cells/mm® (5 x 10°*/litre) 
and total protein values above 40 mg/100 ml! are signs 
of inflammation but are non-specific as indicators of 
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involvement is essentially a procedure for a specialized 
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Leptospira, Borrelia, Spirillum 





- Joyce D. Coghlan 
Leptospira and Borrelia are two genera of medical Two main species of Leptospira are recognized, 
importance which, along with Treponema (Ch. 33), L. interrogans which includes the strains that are para- 
make up the group known as the Spirochaetes. sitic and potentially pathogenic for man and animals, 
Organisms of the genus Spirillum are spiral filaments and L. biflexa which comprises the free-living, non- 
and not spirochaetes but, for convenience, they are pathogenic strains. The two species are morphologi- 
included in this chapter. cally identical but they can be distinguished by 
the ability of L. biflexa to grow on simple medium 
Sg SR RAS ea a without the addition of animal protein and at tem- 
| LEPTOSPIRA | peratures as low as 13°C. It is also resistant to the 
purine analogue 8-azaguanine (225 g/ml) which 
Members of the genus Leptospira differ from other is inhibitory to L. imterrogans. The two species may 
| spirochaetes morphologically, in their type of motility also be differentiated serologically and by their DNA 
and in the ease with which they can be cultured. composition. 
Some leptospires are free-living saprophytes, com- 
monly found in fresh water and occasionally in see 
brackish and even salt water. Others are parasitic and Morphology and motitity 
potentially pathogenic organisms that are normally Darkfield microscopy is required in order to see 
_ carried by wild vertebrate animals, especially rodents. leptospires in the living state. They are recognizable 
Under certain conditions they may be transmitted in clinical specimens such as blood, urine and CSF 
| accidentally to man and domestic animals, causing as spiral organisms, 6—20 1m (average 101m) in 
| leptospirosis with clinical manifestations of varying length, 0.1-0.3 um in diameter and 0.3—0.5 tm in 
degrees of severity. Characteristically the disease wavelength. They have numerous closely wound 
[es in man occurs as a haemorrhagic jaundice, Weil’s primary coils, so closely set together that they are 
disease, but a febrile anicteric syndrome is common, difficult to demonstrate in stained preparations 
sometimes with meningitis as a prominent feature. although they are quite obvious in the living state 
Subclinical cases are common in certain occupa- by darkfield microscopy (x400). They are fairly rigid 
tional groups, e.g. agricultural workers, where the organisms with one or both ends hooked. As they 
risk of infection from animal sources Is high. move across the field, secondary coils appear and 
When working with leptospira standard safety pre- then disappear again, sometimes with a lashing 
cautions should be observed as indicated in Chapter motion. The movement of leptospires is charac- 
3. Care should be taken not to contaminate the skin teristically vigorous, quite unlike the lazy undulating 
with leptospiral cultures or with blood or urine of | movement of other spirochaetes. In blood films or in 
infected animals. Cuts and abrasions should be semi-solid medium they show sinuous corkscrew-like 
covered. If accidental contact takes place with the movement, occasionally bending and straightening 
likelihood of infection, a course of penicillin should agairi into the characteristically rigid form. This 
be started without delay (dose at least 2 g/day for detailed description of the movement of leptospires 
5 days). Before treatment, obtain a sample of blood. is important because, unless one is experienced in 
If fever subsequently develops a second sample the work, it is easy to be misled by spiral artefacts 
should be taken and tested with the first against the that are normally present in blood films and which 
relevant serovar. A rise in antibody titre would con- undulate as a result of Brownian movement. In case 
firm infection. of doubt the film should be compared with a film of 
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normal blood and, if possible, with one from a culture 
of leptospires in semi-solid medium. 


Staining 


It is not easy to stain leptospires satisfactorily with 
the usual bacterial stains, but they may be demon- 
strated by the silver impregnation methods of Levaditi 
and Fontana (Ch.45). The Steiner & Steiner 
modification of the Warthin-Starry silver impregna- 
tion technique is recommended for demonstrating 
leptospires in sections of infected tissue (WHO 
1982). 


Cultural characters 


Aerobic; optimum temperature for growth 28—32°C; 
optimum pH 7.2, For routine purposes, liquid or 
semi-solid media are used; for cloning and research 
purposes, solid medium is sometimes used. 

Liquid medium is used for growing leptospires 
intended for use as antigens in serological tests. It 
consists of a buffered salts base with or without 
peptone, to which is added either rabbit serum, as in 
Stuart’s or Korthof’s medium,* or preferably serum 
derivatives as in Ellinghausen & McCullough’s (EM) 
medium* in which bovine serum albumin (fraction 
V) and polysorbate (Tween 80) replace whole serum. 

Semi-solid medium is prepared by adding 0.2-0.5% 
(w/v) agar to any suitable liquid medium. Agar 
appears to favour the multiplication of leptospires 
and semi-solid medium is used when attempting 
the isolation of leptospires from blood or urine of 
patients or from animal tissues. It has the added 
advantage that it evaporates less rapidly than liquid 
medium and helps to maintain the virulence of 
freshly isolated strains since less frequent subculture 
is required. It is also used for preparing cultures 
intended for intravenous inoculation into rabbits for 
production of hyperimmune serum. A simple semi- 
solid medium is Fletcher’s medium* which consists 
of nutrient agar and rabbit serum. 

Solid culture medium* is used for cloning, purifying 
contaminated cultures and other specialized pur- 
poses. Leptospires produce discrete hemispherical 
colonies just below the surface of the medium in 
Petri dishes; they may be difficult to see without 
oblique light against a dark background. For best 
results seal the plates to prevent evaporation and 


-Incubate at 28-32°C in a moist chamber or in a 


polythene bag. Keep the plates for at least 6 weeks 


* Refer to Methods at the end of this chapter. 
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before discarding them as negative; the colonies 
are slow to develop (Cox & Larson 1957), 


Survival 

Pathogenic leptospires do not multiply readily out- 
side the anima! body although they may survive 
for many days if the external conditions are favour- 
able. They require moisture and since they are par- 
ticularly sensitive to acid seldom remain viable for 
long where the pH of the water or soil is less than 
6.8. Salt water has a deleterious effect. They die out 
rapidly in urine, sewage and badly polluted water. 
They are susceptible to heat; 10 min at 50°C or 10 
seconds at 60°C kills them. Rapidly killed by bile 
or trypsin, hypochlorite detergents, desiccation, and 
by exposure to pH values outside the range 6.2-8.0. 

They may survive for a time in infected animal 
tissue at low temperatures. Thus guinea-pig liver 
has remained infective for up to 26 days at 4°C, and 
for 100 days at —-20°C; leptospires of the pathogenic 
serovar canicola have been cultured from pigs’ 
kidneys on sale in a butcher’s shop. 

Actively growing cultures of virulent organisms 
may be preserved in capillary tubes held in liquid 
nitrogen at —148°C, with glycerol (5-10% v/v) or 
dimethyl sulphoxide as a protective agent (Alexander 
et al 1972). 


Sensitivity to antibiotics 


Leptospires have been shown by culture and animal 
experiments to be sensitive to penicillin, strepto- 
mycin and the tetracyclines. Penicillin has value as 
a therapeutic agent for man especially if given in 
large doses during the first 4—5 days of the illness, 
preferably before jaundice appears. It may cause 
a temporary exacerbation of symptoms (Jarisch— 
Herxheimer reaction), but this should not prevent 
continuation of treatment, 


Serotyping 


Within the two species there are many serotypes 
(now referred to as sero-varieties or serovars) that are 
distinguished by cross-agglutinin-absorption tests 
or by antigenic factor analysis. Some of the serovars 
are Closely related because of common antigens and 
form clearly defined serogroups. The classification 
of the pathogenic species Leptospira interrogans is 
described in detail by Kmety & Dikken in their 
monograph (1993). A shortened up-to-date list of 
the serovars of medical importance is given in Table 
34.1, 
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‘Some animals from which the serovar has been isolated 
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Serogroup _ . Reference strain 
Australis australis Ballico | - Rats, field mice, hedgehogs 
en eae ‘bratisilava - Jez Bratislava Hedgehogs, pigs | 
_ Autumnalis’ autumnalis -Akiyami A -- Voles, field mice 
“-Ballum -- ballum..- Mus. 127 _» House mice 
SO Ag Rie os castellonis Castellon 3 Pigs 
Sige arborea _ - Arborea__ Field mice 
- Bataviae bataviae “Swart > Rats, voles, field mice, cats 
Canicola -canicola ~Hond Utrecht 1V =. = Dogs, pigs, jackats 
Pat}: “, - scehufineri Vieermuis 90 C ‘Bats. 
. Celledoni celledoni Celledoni Not. known 
_-Cynopteri - eynopteri - 3522 C Bats 
} Djasiman djasiman ‘Djasiman - ‘Rats 
Grippotyphosa grippotyphosa _ Moskva V— Vales; field mice, cattle 
a valbuzzi Valbuzzi Not known 
Hebdomadis _ - 2 oe 
a. Hebdomadis . hebdomadis Hebdomadis Voles, field mice 
_-b. Borincana ~ borincana HS 622 Not known 
lcterohaemorrhagiae  icterohaemorrhagiae AGA Rats, dogs 
copenhageni M 20 Rats 
Javanica javanica Veldrat Bataviae 46 Rats, cats 
poi Poi Shrews 
Louisiana louisiana LSU 1945 Armadilios 
Mini mini Sari Rats, voles 
P georgia LT 117 Voles, field mice, raccoons 
Panama panama CZ 214 Opossums 
Pomona pomona Pomona Pigs, cattle 
Pyrogenes pyrogenes salinem Rats 
Sejroe - 
a. Sejroe sejroe M 84 Field mice 
b. Saxkoebing saxkoebing Mus 24 House mice, field mice 
c. Wolfii wollfi 3705 Rats 
Shermani shermani 1342 K . Rats, opossums 
tarassovi Pigs 


Tarassovi 


Perepelitsin 


— 


Laboratory diagnosis of leptospirosis 


Because of the variability in the signs and symptoms 
of infection and the frequent absence of jaundice, 
leptospirosis cannot be diagnosed on clinical grounds 
alone but should be considered as a possibility in 
cases of undiagnosed pyrexia (PUQO), especially if 
the patient’s living and working conditions allow 
likely exposure to infection from animal sources, or if 
the patient has been swimming in or has accidentally 
fallen into fresh water in areas that harbour rodents 
and are lable to flooding. 


Demonstration of leptospires 


1. During the first week of illness the leptospires 
are present in the blood. They may be seen by 
darkfield microscopy, especially after differential 
centrifugation of the blood.* Daily culture of the 


blood* may result in isolation of the infecting strain. 
Leptospiraemia is rare after the eighth day. When 
there is strong evidence of infection, inoculation of 
laboratory animals* may be used for isolation of 
leptospires from the blood. 

2. Leptospires may be found in the urine during 
the second week and intermittently for 4-6 weeks 
or even longer; they are most readily demonstrated 
during the second and third weeks. Examine the 
urine immediately after it has been voided; leptospires 
are sensitive to acid urine and are lysed by antibodies 
present in the urine. For microscopic examination, 
centrifuge a portion of freshly voided urine at 3000 
rpm for 10 min and examine a drop of the sediment 
by darkfield microscopy (magnification x400). 

Also attempt urine culture* in semi-solid medium 
or by animal inoculation. 

3. Newly isolated strains may be identified sero- 
logically by immunizing rabbits* and carrying out 
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either the standard cross-agglutinin absorption test 
or factor sera analysis (see WHO 1982). In recent 
years techniques for identifying strains based on 


their genetic similarities and differences have been 


developed. They include the use of monoclonal 
antibodies obtained by immunizing mice and fusing 
their spleen cells with myeloma cells in vitro and 
selecting those hybridomas that excrete highly spe- 
cific monospecific antibodies. Other genetic tech- 
niques for identification of leptospiral strains are 
restriction endonuclease analysis (Marshall et al 
1981) and southern blot (SB) in which leptospiral 
DNA is cut into fragments by restriction enzymes, 
separated on gels and hybridized with DNA probes 
(Pérolat et al 1990). These techniques are lengthy 
and may be difficult for the average laboratory. 
Strains may be sent for identification to Leptospira 
Reference Laboratories recognized by the World 
Health Organization. 


Serological diagnosis of leptospirosis 


Antibodies are usually detectable in the serum 
towards the end of the first week after onset but this 
may be delayed until the second week. The level of 
antibody increases until the end of the third week 
and then begins to decline. Residual agglutinating 
antibody may remain detectable for many years after 
the patient’s recovery. It is advisable to examine 
a specimen of serum during the early days of the 
illness and at intervals of 4—5 days thereafter, in order 
to demonstrate any rise (or fall) in antibody level 
which may confirm the diagnosis and eliminate the 
possibility that a single positive reaction reflects 
residual antibody. 

Tests for detection of leptospiral antibodies in sera 
are of two kinds, genus-specific and sero-group- 
specific. Genus-specific tests are positive whatever 
the serovar of the infecting strain. They include a 
macroscopic slide agglutination test* against a heated 
antigen preparation of the saprophytic strain Patoc 
I of serovar patoc which appears to contain a large 
amount of antigen common to all leptospires. It 
provides a simple, reliable test for acute leptospirosis 
whatever the infecting serovar. Other genus-specific 
tests that can be used for diagnosis are complement- 
fixation,* haemagglutination (HA) or haemolysis 
(HL) tests with sheep or human red cells treated 
with erythrocyte sensitizing substance (ESS) and 
an enzyme-linked immunosorbent assay (ELISA). 
For techniques of the last three tests see WHO 
(1982). | 

Serogroup-specific tests, on the other hand, are 
reactive mainly with strains of the same serogroup 
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as the infecting strain. They comprise agglutination 
tests that are either macroscopic, i.e. read by the 
naked eye, or microscopic,* read by darkfield 


microscopy at low magnification (x100).The micro= 


scopic agglutination test (MAT) provides the basis 
for serological diagnosis and identification techniques. 

Since agglutinating antibodies of the IgG class 
remain detectable in the serum for many years after 
the infection has cleared it is important to demon- 
strate a rise (or fall) in antibody to confirm the 
diagnosis of current infection. On the other hand, 
complement fixing and macroscopically agglutinat- 
ing antibodies are mainly IgM; they react in the 
acute stages of infection and decline thereafter. They 
are not usually detectable for more than a few months 
after recovery. 

An ELISA assay is used in some laboratories to 
detect leptospiral antibodies in human and animal 


sera. The test can assess separately the levels of 


specific IgM and IgG, thereby indicating the likely 
stage of the infection. 


BORRELIA _ 





The genus Borrelia comprises many species of 
spirochaetes, some of which are commensals on the 
mucous membranes of healthy individuals while 
others are pathogens of man and animals. The 
disease most commonly associated with the borrelias 
is relapsing fever, a febrile illness characterized by 
one or more relapses after the primary fever has 
subsided. ‘There are two forms of the disease, one of 
which is epidemic and caused by B. recurrentits, which 
is essentially a human pathogen spread from person 
to person by the body louse, Pediculus humanus. In 
the past it has occurred in epidemic form throughout 
the world and is associated with unhygienic living 
conditions. The second form of relapsing fever is 
endemic and tick-borne. It is caused by a number 
of different species of Borrelia that vary according to 
the country where the infection occurs. They are 
carned by wild rodents, including shrews and mice, 
on which the ticks of the genus Ornithodorus feed. 
B. duttoni is one of the species responsible for this 
type of infection in East Africa known as East African 
relapsing fever. 

Another likely species of Borrelia, although it is 
sometimes classed as a treponeme, is B. vincenri1, that 
is found in conjunction with a fusiform bacillus and 
the Gram-negative anaerobe ‘Prevotella intermedia in 
the ulcerative gingivostomatitis known as Vincent's 
angina (Ch. 30). 
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In 1984 a species named B, burgdorferi was de- 
scribed as the cause of Lyme disease, a condition 
first recognized as an entity in Lyme, Connecticut, 
in 1975 (Johnson et al 1984). It is now the most 
commonly reported tick-borne spirochaetosis in the 
USA, where it is transmitted by ticks of the genus 
Ixodes. Cases of Lyme disease have been diagnosed in 
Europe and Australia. In the UK it is thought to be 
spread by the tick Ixodes ricinus, which is widespread. 
Lyme disease is characterized in the early stages by a 
distinctive skin lesion known as erythema chronicum 
migrans (ECM) that develops at the site of the tick 
bite and later by cardiac, neurological and arthritic 
complications that may become chronic. 


Morphology 


Members of the genus Borrefia can be easily distin- 
guished from spirochaetes of the genera Leptospira 
and Treponema by their much larger size (10-30 ttm 
in length by 0.3—0.7 jm in width), by their irregular, 
wide-open, loosely wound primary coils and by the 
ease with which they can be stained with the usual 
laboratory aniline dyes; they are Gram-negative. 
They are actively motile by means of about 10 axial 
filaments attached at either end of the organism 
and entwined around the cell within the cytoplasmic 
membrane, 


Culture and survival 


Unlike leptospires, borrelias are not easy to culture 
in the routine laboratory although some species can 
be grown in specially devised media (Felsenfeld, 
1971). B. kermsii, the aetiological agent of tick-borne 
relapsing fever in the USA, was the first to be 
successfully cultured through many passages. The 
medium used was devised by Kelly and subsequently 
modified to allow the isolation and growth of B. 
burgdorferi from the midgut of infected ticks, with 
growth from inocula as small as 1-2 organisms. 
This medium is known as Barbour Stoenner Kelly 
medium or BSK I* (Barbour 1984). The optimum 
temperature for growth is 34°C. Some borrelias, 
including B. burgdorferi, are microaerophilic and 
others, e.g. B. vincent, are strict anaerobes. 

B. duttonii may be maintained in ticks for long 
periods in a sandbox kept at room temperature. 
The ticks are fed on newborn mice once a year, The 
ticks remain infective and the borrelias retain their 
virulence for many years. Borrelias have also been 
preserved in ticks and lice deep-frozen at —76°C 
(Felsenfeld 1971). 
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Sensitivity to antibiotics 


Relapsing fever borrelias are sensitive to a number 
of antibiotics but the drug of choice for the treat- 
ment of both forms of the disease is tetracycline 
given intravenously. A Jarisch-Herxheimer reaction 
may follow treatment. 

B. burgdorferi is sensitive to ceftriaxone, erythro- 
mycin, tetracycline and penicillin (Johnson et al 
1987). Lyme disease responds to early treatment. 
It is suggested that adult patients be treated with 
tetracycline (250 mg four times daily for 10 days) and 
children with phenoxymethylpenicillin (50 mg/kg 
weight daily in divided doses) (Parke 1987). 


Classification of borrelias 


Serological classification of tick-borne fever borrelias 
is not possible since antigenic variation takes place 
readily and the strains after relapse may differ from 
the parent strains. They are classified as species 
according to their animal hosts, the tick vectors or 
the countries where they occur. Borrelias responsible 
for Lyme disease on the other hand have been 
found to be antigenically stable and all isolates so far 
appear to belong to the single species B. burgdorferi. 

The G + C content of DNA of Borrelia species 
varies from approx. 28.0 to 30.6 mol% (B. burgdorferi 
27.3-30.5 mol%). These values differ from those 
of Leptospira species which vary from 35.0 to 40.4 
mol%. A full description of the genetic and pheno- 
typic characteristics of the species is given by Johnson 
et al (1984). 


Epidemiology 


Louse-borne borrelias of the species known as 
B.-recurrentis have in the past been responsible for 
widespread epidemics in Europe, Asia, Africa and 
the USA. Although much less common it still exists 
in parts of Africa and South America. The disease 18 |, 
likely to occur in overcrowded communities where 
the standards of hygiene are low. Infection is spread 
from man to man by the body and head louse 
Pediculus humanus. The organisms enter the body 
probably as a result of scratching the slun and rub- 
bing the body of the louse into the abrasion. The 
disease occurs in overcrowded communities where 
the standard of hygiene and nutrition is low. 
Tick-borne relapsing fever borrelias infect rodents 
and other wild animals including porcupines, opos- 
sums and armadillos. Pigs, cows and other domestic 
animals may also be infected. Various species of tick 
are responsible for transmitting the organism from 
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animal to animal and from animal to man. Human 
cases of relapsing fever of this nature occur in North 
and South America, Central and South Africa, Pales- 
tine and Iran. They occur endemically as a result 
of tick bites or from the coxal fluid after crushing of 
the tick into a skin abrasion. Species of tick-borne 
Borrelia include B. duttonit, the cause of East African 


‘relapsing fever, which is spread by the species of 


tick known as Ornithodoros moubata, and B. persica, 
the cause of Asian relapsing fever, spread by O., 
tholozani. B. turicatae, B. parkert and B. hermsti are 
responsible for forms of relapsing fever that occur 


in the USA; they are spread by the ticks O. turicata, 


O. parker and O. hermsii respectively. 

Lyme disease spirochaetes identified as B. burgdorferi 
have been isolated from the tick species Jxodes 
dammini and J. pacificus in the USA and from 
I. ricinus in Switzerland and other parts of-Europe 
including the UK. Mammalian hosts on which the 
ticks feed include mice and other rodents and deer. 
It has also been isolated from birds, which may 
account for its distribution overseas. 

Borrelias that are found on the mucous membranes 
of the human mouth and genitalia in healthy and 
in diseased conditions include B. buccalis and B. 
vincenti, both of which are found in normal healthy 
mouths, but the latter is also present in exudate 
from the necrotic lesions of-the gums in Vincent’s 
angina. B. refringens is found on the healthy genital 
membranes but may also be present in large numbers 
in cases of vulvo-vaginitis and balanitis. 


Laboratory diagnosis of borrelial 
infection 


Relapsing fever 


Because of the difficulty of culturing borrelias and 
the unreliability of serological tests due to antigenic 
variation, routine laboratory diagnosis of relapsing 
fever depends on demonstrating the spirochaetes in 
peripheral blood samples, either in the living state 
or after staining. 


1. During the pyrexial phase of the illness prepare 
thick and thin films of the patient’s blood on micro- 
scope slides. Fix by treating with methyl alcohol or 
acetone for 3 min. Alternatively, for thick blood 
films, dehaemoglobinize with 0.5% acetic acid. 
Stain thin films with Giemsa stain or gentian violet 
and thick films by Leishman’s method (Ch. 45; 
Fig. 42.3a). 

2. During the pyrexial phase of the illness mount 
a drop of the patient’s blood on a slide with a cover- 
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slip and examine for live spirochaetes by darkfield 
microscopy. 

3. If no spirochaetes are seen, inoculate intra- 
peritoneally 1—2 ml blood into six young white mice: 
Examine drops of blood obtained by clipping the 
tip of the tail 48 h later and daily thereafter for up to 
1 week. Examine by darkfield microscopy for living 
spirochaetes, or after staining by Giemsa, 

4. Inoculate 0.2 ml patient’s blood into the 
chorio-allantoic sac of a chick embryo, 17-18 days 
old. After the chick has hatched examine the blood 
for borrelias. 

5. Examine films of the stomach contents of 
ticks caught in the vicinity of the case. In the case of 
louse-borne relapsing fever, examine body lice taken 
from the patient. Place the louse in a test tube for 
24h. Remove the louse to a drop of distilled water 
on a slide. Pierce the body of the louse with a needle 
to allow the coelomic fluid from the body cavity to 
mix with the water. Examine microscopically with 
darkfield illumination and high magnification. 


lyme disease 


It is possible to isolate B. burgdorferi from the skin 
lesions, blood, CSF and synovial fluid of patients 
by inoculating BSK II] medium,* but its successful 
cultivation from these sources is rare and laboratory 
diagnosis usually depends on serological tests such 
as ELISA or more especially the indirect immuno- 
fluorescent antibody test applied to the patient’s 
serum (Haberberger et al 1989). A rise in specific 
IgM from the 3rd to 6th week after onset of symp- 
toms tends to confirm the clinical diagnosis. IgG 
antibodies rise more slowly and continue for long 
periods in patients who develop chronic symptoms. 
A continued high level of IgM indicates persistent 
infection (see Craft et al 1984, Steere et al 1986). 
In the USA a high recovery rate has been achieved 
from the tissues of feral rodents and deer on which 
the ticks feed. ‘This technique may prove to be a 
suitable method -for identifying areas where B. 
burgdorferi is endemic (Anderson et al 1985). 


Vincent's angina 


The diagnosis of Vincent’s angina is normally made 
by microscopic examination of stained smears of the 
exudate from the ulcers. In order to exclude other 
pathogenic bacteria such as haemolytic streptococci 
or diphtheria bacilli as possible causes of the con- 
dition inoculate plates of appropriate media with 
swabs of the lesions and identify any growth. B. 
vincent May grow in primary culture in enriched 
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digest broth but since it is difficult to obtain and 
maintain pure cultures of the spirochaete, culture 
is not undertaken as a routine in the diagnosis of 
Vincent’s infection. 


1. Microscopic examination. Prepare smears of the 
exudate from mouth ulcers and stain by Gram with 
dilute carbo! fuchsin as counterstain. Examine 
microscopically. The clinical diagnosis is confirmed 
when large numbers of spirochaetes are seen in con- 
junction with barred fusiform bacilli and Gram- 
negative bacilli, together with pus cells that indicate 
active infection. 

2. Culture of B. vincentii. Inoculate swabs of exudate 
from mouth lesions into digest broth, e.g. Hartley’s 
broth (see Ch. 5) enriched with ascitic fluid. Incubate 
anaerobically at 28—30°C. Examine daily for growth. 


SPIRILLUM | 


Members of this genus are rigid spiral Gram-negative 
filamentous cells that are motile with bipolar flagella, 
oxidase positive and able to grow on ordinary bacte- 
riological media. They are found mainly in fresh or 
sea water and with one exception are non-pathogenic 
to man and animals. The exception is Spinllum minus, 
a natural parasite of rats which cannot be grown 
on artificial culture media. 


Spirillum minus 


S. minus is the cause of one type of rat bite fever in 
man (Sodoku). It is a spiral Gram-negative organism, 
generally short, e.g. 2—5 jim in length, but sometimes 
up to 10 um, with regular tight coils about 1 hm 
across. It has bipolar tufts of 1—7 flagella at each 
end and has a very active, darting motility unlike the 
undulatory movement of spirochaetes. The motility 
and flagella are best seen with the darkground micro- 
scope. It stains well with Romanowsky dyes such 
as Leishman’s. Rats act as healthy carriers, while 
guinea-pigs, white rats and mice can be infected 
experimentally; guinea-pigs develop a slowly progres- 
sive septicaemic disease and die after several weeks. 
In man there is local inflammation at the site of 
the rat bite, swelling of the regional lymph nodes, 
a macular skin eruption and fever, these symptoms 
fluctuating in parallel. The infection responds to 
penicillin and the tetracyclines. 


Laboratory diagnosis 


Attempt to demonstrate the spirilla in exudate 
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from the local lesion, in aspirate from the swollen 
lymph nodes and in a sample of venous blood. 


1. Examine films of the specimens by darkground 
microscopy. 

2. Also inoculate portions of the specimens, e.g. 
1 ml of venous blood, intraperitoneally in a mouse. 
The mouse will show no signs of illness, but after 
5-14 days small numbers of spirilla may be demon- 
strated microscopically in its blood and peritoneal 
fluid. 

3. A further inoculation may be made into a 
guinea-pig. 


METHODS _ 


Modified Korthof’s medium for 
leptospires 


All glassware used in preparing culture media for 
leptospires must be perfectly clean and free from any 
trace of soap or detergent since these are lethal to 
the organisms. After cleaning and rinsing, soak for 
24 h in phosphate buffered saline (PBS), pH 7.6, and 
rinse again in distilled water. 

Serum. This liquid medium requires the addition of 
serum. Rabbit serum is generally most satisfactory for 
culture of leptospires though the serum of some larger 
animals, e.g. sheep or newborn calf, has been used 
successfully. Serum from individual rabbits may be 
inhibitory to leptospires because of agglutinins or other 
agents. For this reason the sera of several rabbits 
should be tested individually for agglutinins and suit- 
able animals retained to supply serum as required. 
Collect the blood from an ear vein or, preferably, by 
cardiac puncture and allow to clot. Pipette off the 
serum, inactivate by heating at 56°C for 30 min and 
sterilize by Seitz filtration. 

Haemoglobin solution. To the blood clot after re- 
moval of the serum add an equai volume of distilled 
water and freeze and thaw repeatedly to haemolyse 
the corpuscles. Sterilize by Seitz filtration. 

Peptone salt solution. Different brands of peptone 
vary in their growth-promoting ability; Difco peptone 
is recommended. 


Pepione (Difco) 0.8q 
NaCl | 1.49 
NaHCO, 0.02 9 
KCI 0.049 
CaCl. 0.04q 
KH.PO, 0.249 
NasHPO,.2H20 0.88 g 
Distilled water 1 litre 
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Steam the ingredients at 100°C for 20 min, cool 
overnight at 4°C and filter through double thickness 
Whatman No. 1 paper. The pH should be c. 7.2. Bottle 
in 100 ml amounts and autoclave at 115°C for 15 min. 


Preparation of complete medium 


Peptone salt solution 100 ml 
Sterile serum 8 ml 
Sterile ‘haemoglobin solution’ 0.8 ml 


Mix the ingredients with sterile precautions. Dis- 
tribute the medium in 2-3 ml amounts in sterile screw- 
capped bijou bottles. Test for sterility by incubating at 
37°C for 2 days and at 22°C for 3 days. 


Solid medium for colonial growth of 
leptospires rageet, o 


Tryptose-phosphate broth 


dehydrated (Difco) 0.2g 
Agar (Difco) 1g 
Distilled water 90 ml 


Adjust pH to 7.5 and sterilize mixture by autoclaving 
at 121°C for 15 min. After cooling add 10 mI sterile 
rabbit serum. Also add 1m! haemoglobin solution 
prepared by lysing washed and packed sheep erythro- 
cytes in 20 volumes of cold distilled water; remove 
stroma by centrifugation and sterilize by Seitz filtration. 
Heat mixture at 56°C for 30 min and pour into Petri 
dishes to give a depth of medium of 6-8 mm. 

To seed the plates, prepare a.series of 10-fold 
dilutions of a fluid culture and spread 0.1 m! volumes 
of each dilution cvenly over the surface of separate 
plates to allow the distribution of well spaced individual 
organisms. 


Fletcher’s agar for leptospires 


This semi-solid agar is suitable for isolating strains 
of leptospires and for maintaining them for many 
months, They multiply within the upper part of the 
tube forming zones of turbidity at varying depths, 
known as Dinger's rings. 


Peptone 0.3g 
Beef extract 0.2q 
NaCl 0.59 
_ Agar 1.59 
Distilled water (pH 7.4) 920 ml 


Mix the above ingredients and bring to boiling point 
to dissolve. Sterilize by autoclaving at 121°C for 
20 min. Cool to 50°C and add 10% (v/v) filter-sterilized 
rabbit serum warmed to 50°C. Dispense in 8—9 ml 
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volumes in tubes. Heat inactivate at 56°C for 1h on 
2 successive days. Check for sterility by incubating 
at 37°C and at 30°C for 24 h at each temperature, 


Ellinghausen & McCullough (EM) 
medium for leptospires 


A modification of this medium known as EMJH 
medium is available commercially from Difco. 

For the original EM medium (Ellinghausen & 
McCullough 1965) prepare the following stock solutions 
and store in refrigerator until required. 


a. Phosphate buffer solution (conc. x 25) 


Na,HPO, 16.6 q 
KH,PO, 2.1729 
Distilled water 1 litre 


b. Salts solution (conc. x 20) 


NaCl 38.5 g 
NH,Cl “A 5.35 g 
MgCl,.6H,O 3.81 g 
Distilled water 1 litre 


c. Copper solution. CuSO,.5H.0, 30mg in 100ml 
distilled water. 


d. Zinc solution. ZnSO,4.7H2O, 80 mg in 200 mI distilled 


water. , 


e. Iron . solution. FeSO,.7H2O, 500mg in 200mI 
distilled water. 


f. Vitamin By. Concentrated stock: 10 mg in 100 ml 
distilled water. Working stock: 10 ml concentrated stock 
in 90 ml distilled water. 


g. Thiamine hydrochloride (stock solution), 200 mg 
in 109 ml distilled water. 


h. Tween 80. Dissolve 10 ml Tween 80 in 70 ml distilled 
water at 60°C, adding it drop by drop. Adjust the 
volume to 100 mi and then further dilute to 1000 mi. 
Store this 1% solution at -60°C in convenient amounts. 
(For special purposes, e.g. for the preparation of 
protein-free medium, it may be necessary to purify the 
Tween by charcoal treatment.) 


i. Bovine albumin. Prepare a 5% albumin solution by 
dissolving 5g bovine albumin, fraction V (Armour) 
in 100 ml single strength phosphate buffer (i.e. 40 mi! 
of x 25 conc. stock solution in 960 mi distilled water). 
Adjust pH to 7.4 by adding 0.4 mol/litre NaOH. Sterilize 
by membrane filtration (pore size 0.22 um). 


Preparation of medium 
1. To 700 ml distilled water add: 
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Phosphate buffer solution (x 25, conc.) 40 ml 
Salts solution (x 20 conc.) 50 mi 
Copper solution 1 ml 
Zinc solution 10 ml 
Iron solution 20 mi 


Shake the mixture for 5 min. 


2. Add t-cystine, 200mg. Shake the mixture for 
3 min (the cystine does not dissolve completely). Filter 
through double thickness Whatman No. 1 paper. 

3, Add: Vitamin B,. (working stock) 20 ml; Thiamine 
stock solution 0.1 mi; and Tween 80 (1% solution) 
120 mi. 

Adjust total volume to 1 litre. Dispense this basal 
mixture in tubes (4 or 8 ml). Autoclave at 121°C for 
15 min. 

4. Cool and then add sterile bovine albumin solution 
in proportion of 1 vol to 4 vols basal medium. Sterilize 
by filtration through a sandwich of Millipore membrane 
filters, pore sizes 1.4 um, 0.45 pm and 0.22 ym. 


Differential centrifugation of blood for 
detection of leptospires by microscopy 


1. Prepare an anticoagulant solution of either 1% 
sodium oxalate in phosphate buffer, pH 7.5, or 1% 


_ Liquoid (polyanetho! sulphonate — see Ch. 5) in sterile 


saline. These are preferable to sodium citrate which 
may be deleterious to leptospires. 

2. Add 5 ml blood to 0.5 mi sodium oxalate solution 
or to 1 mi Liquoid solution and centrifuge at c. 1000 g 
for 15 min. | 

3. Examine a drop of the plasma by darkfield 
microscopy (x400). 

4. If no leptospires are seen, centrifuge the plasma 
at 3000-4000 g for 20min. Carefully remove the 
supernatent and examine a drop of sediment micro- 
scopically as above. 


Once again it must be ernphasized how important 
it is not to confuse artefacts, such as protoplasmic 
extrusions from red cells, with leptospires. 


Biood culture for leptospires — 


1. Sample the patient's blood aseptically during the 
febrile stage of the illness and before treatment with 
antibiotics. 

2. Inoculate a number of bijou bottles containing 
3 mi liquid or semi-solid culture medium with varying 
amounts of blood ranging from one-four drops. Alterna- 
tively, after differential centrifugation (see above}, 
resuspend the deposit in 2 ml PBS, pH 8.0, and add 
a few drops of the suspension to each of four bottles 
of medium. 


3. Incubate at 28-30°C and examine periodically for 
jeptospiral growth for up to 6 weeks before discarding 
as negative. 


Daily culture of the blood in either of these ways 
during the first week of the infection considerably 
increases the chance of isolating the organisms. 


Animal inoculation for isolation of 
leptospires 


Use weanling animals, as older animals tend to be 
resistant. Guinea-pigs (4 weeks old) or hamsters (3 
weeks old) are suitable. 


1. Inoculate into the animals intraperitoneally a few 


drops of patient's blood during the first few days of 


the illness. 

2. Three days later, and daily thereafter, withdraw 
a drop of peritoneal fluid with a finely drawn Pasteur 
pipette introduced into the lower quadrant of the abdo- 
men while the animal is held in the upright position 
with outstretched legs. Discharge the drop on to a slide 
and examine microscopically. 

3. As soon as leptospires are seen in the peritoneal 
fluid, where they multiply during the early stages of 
infection in the animal, withdraw blood by cardiac 
puncture and introduce a few drops into several small 
bottles of culture medium. 

4. Incubate at 28—-30°C and examine daily for 
leptospiral growth. 


Culture of urine for leptospires 


Leptospires may be present in the patient's urine 
towards the end of the second week after onset and 
for several weeks thereafter. 


1. Into a number of tubes or bottles containing 
5 ml semi-solid culture medium add a disc of neo- 
mycin sulphate (content 10 yg) or 5-fluorouracil (final 
concentration 100 na/m!) to prevent the growth of 
contaminants. 

2. Serially dilute the urine five or six times in PBS, 
pH 8.0, and add one drop of each dilution to the tubes 
of culture medium. 

3. Incubate at 28-30°C and examine periodically 
over a period of up to 6 weeks. Contaminants may 
grow in cultures of undiluted urine and in the first few 
dilutions, but subsequent dilutions may-yield a pure 
growth of leptospires. 


For culture of urine by animal inoculation, inoculate 
2 ml urine into young guinea-pigs or hamsters. Culture 
the animal's blood subsequently as described above. 
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identification of newly isolated 
lepitospiral strains 


Subculture the isolate over a period of several weeks 
until the leptospires are sufficiently adapted to labora- 
tory conditions to provide a culture dense enough 
for serological! identification. 


1. Prepare a homologous antiserum by immunizing 
a rabbit against the isolate according to the technique 
described in WHO (1982) to provide a homologous 
antiserum with a titre of at least 12800. Store the 
antiserum in 2 ml amounts at 4°C (or freeze-dry). 

2. Test the unknown strain by the microscopic 
agglutination test (MAT, see below) against a battery of 
reference antisera representing all known serogroups 
(or those known to prevail in the locality). 

3. Compare the isolate with each of the serovars 
within the serogroup or serogroups indicated by a 
positive reaction in the preliminary tests. Use either the 
technique of agglutinin-absorption or factor analysis 
(WHO 1982), using reference strains and antisera 
(available from Leptospira Reference Laboratories) 
and the homologous antiserum. See also Kmety & 
Dikken (1993). 


Complement fixation test for 
leptospirosis 


This genus-specific test is of value as a screening 
test for acute leptospirosis. It can be done in labora- 
tories where the procedure is routinely applied to 
cases of PUO and other febrile illnesses. Any one of the 
Standard techniques may be used with a leptospiral 
antigen prepared from the saprophytic strain Patoc 1. 
It is important to inactivate the serum to be tested at 
56°C for 30 min. 

Complement fixation test antigen. 1. Inoculate 
10 mt of an actively growing culture of strain Patoc 1 


of L. biflexa into 1 litre of EM medium. Allow to grow 


for c. 7 days at room temperature. 

2. Treat with merthiolate (final dilution 1 in 10 000) to 
kill the leptospires. 

3. Centrifuge at 10000g for 1h to deposit the 
leptospires. 

4. Discard the supernate and resuspend the deposit 
in CFT diluent (Oxoid, Code No. BR 16, CFT Diluent 
Tablets; 1 tablet makes 100 ml buffered saline). 

S. Repeat the washing and centrifuging twice more 
and then resuspend the final deposit of leptospires 
in 20 ml diluent containing sodium azide (1 in 10 000). 
The amount of suspension is now 2% of the original 
volume. 

6. Allow the concentrated suspension to stand at 
4°C for at least 4 days with periodic shaking. 
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7. Treat to remove any anticomplementary activity 
as follows: To 20 ml concentrated antigenic suspension 
add diluent to make up to 100 ml. Add 5 ml 0,4 mol/litre 
HCl and mix well. Warm some flat bottles of 50 ml 
capacity to 60°C and half fill them with the acidified 
antigen. Place the bottles in a beaker of boiling water, 
with the caps slightly loosened, for 15 min. Cool the 
antigen suspension and shake thoroughly to disperse 
any flocculation. Restore the pH to the original value 
(7.2) by adding 0.4 mol/litte NaOH. This treatment 
should ensure that the titre of the complement in the 
presence of the antigen is near to that with diluent 
alone. 

8. Finally titrate the antigen in the presence of a 
Standard positive rabbit serum and 2 haemolytic units 
of complement (2 x HD50) to determine the optimum 
working dilution for use in the complement fixation 
test (for further details see WHO (1982)). 


Slide agglutination test for leptospirosis 
with heat-treated antigen (Patoc slide 
test) 


This simple test (Mazzonelli et al 1974, modified by 
Coghlan; see WHO 1982) provides a rapid and reliable 
means of screening human sera for leptospiral genus- 
specific antibodies. It allows a provisional diagnosis 
of acute leptospirosis to be made within a few minutes 
of receipt of the serum in the laboratory; it is not 
suitable for retrospective or survey work. 

The tests are carried out on a thin glass plate, 
15 x 7.5 cm, divided into three rows of 2.5 cm squares 
etched with a diamond cutter. This provides 18 
squares/plate, enough for testing nine sera at a time. 
It is advisable, but not essential, to have a mechanical 
rotator (Thomas). 


Antigen for Patoc slide test 


1. Inoculate 1 litre of a suitable liquid medium, 
preferably EM medium, with 5 ml of an actively growing 
culture of the saprophytic strain Patoc 1. Allow to 
Stand at room temperature. Aeration by means of a 
mechanical stirrer or magnetic rotator will help to 
produce a dense culture within 7~10 days. 

2. Kill the leptospires by adding neutralized formalin 
to give a final dilution of 0.5% (0.2% formaldehyde) and 
allow to stand for at least 2 h at room temperature. 

3. Centrifuge at 13000g for 30min. Wash the 
deposited cells by resuspending them in PBS, pH 7.2, 
containing sodium azide 1 in 100, and again centrifuge 
at 130009. Carefully withdraw and discard the 
supernate from the centrifuge buckets. 

4, Add a little PBS to the deposit and by means of 
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a Pasteur pipette or a syringe fitted with a 16-18 gauge 
needle, mix and transfer to flat screw-capped bottles 
of 50-60 ml capacity containing some sterile glass 
beads. Shake periodically over a period of at least 
24h. The suspension should now be of a creamy 
consistency. 

5. Place the bottles in a large beaker of cold water 
and heat to boiling point. Allow to boil for 30 min. 

6. Cool thoroughly and adjust the density of the 
suspension to twice that of No. 10 on the McFarland 
scale. 

7. Centrifuge lightly to deposit any gross particles 
or agglutinated leptospires. Decant carefully. Adjust the 
pH to 7.2. } 

Although the antigen is now ready for use it improves 
with time. It should be stored at 4°C and shaken from 
time to time (but not just before using in the test). If 
a deposit develops the suspension should be lightly 
centrifuged and decanted. It is then necessary to 
re-adjust the density to McFarland 10 x 2. The sensi- 
tivity of each new batch of antigen should be checked 
against known positive and negative human sera. 


Method for Patoc slide test 


1, Dilute the patient's serum 1 in 10 by adding 
one drop to nine similar drops of PBS in a small test 
tube. 

2. Place one drop (0.02 ml) of the 1 in 10 dilution 
and one drop of the undiluted serum side by side in 
two squares of the glass plate. To each drop add one 
drop (0.02 ml) of antigen. Carefully mix the serum and 
antigen by means of a wooden applicator stick, starting 
with the mixture containing the diluted serum. Up to 
nine sera, one of which should be a known positive 
control, can be accommodated on the plate and tested 
at the same time. 

3, Rotate the plate at 120 rpm for exactly 4 min. 

4. Read the reaction by holding the plate against 
a dark background illuminated from above by a lamp 
shaded from the eyes. 


Record the strength of the reaction as follows: ++++, 
clearly defined clumps against a cleared background; 
+++, obvious agglutination but suspension not com- 
pletely clear; ++ and +, progressively weaker reactions 
with small clumps, sometimes formed around the 
periphery of the drop, and with little clearing; a negative 
(-) result is recorded when the even suspension of 
the antigen-serum mixture is unchanged. It may be 
difficult to read the strength of the reaction if the serum 
is cloudy due to a high lipid content. 

Reactions of ++ to ++++ with diluted serum in con- 
junction with a strong positive reaction with the neat 
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serum indicate present or very recent leptospiral 
infection. Strong or moderately strong (++++ Or +++) 
reactions with neat serum combined with a negative 
result with diluted serum suggest the presence of anti- 
bodies at an early stage, i.e. within 2-3 days of onset, 
or they may be residual! from a recent infection. When 
no reaction occurs either with diluted or undiluted 
serum, it is unlikely that the patient is suffering from 
leptospirosis. However if the specimen was taken 
early in the course of the illness and the reaction is 
negative or weakly positive, it is advisable to test a 
later specimen which may show a rise in antibody level; 
this is diagnostic. At the height of infection the reaction 
with diluted serum may be stronger than with neat 
serum, due to a prozone effect. 

Positive reactions should, if possible, be confirmed 
by complement fixation and microscopic agglutination 
tests (see below). 


Microscopic agglutination test (MAT) for 
leptospirosis 


Prepare well grown cultures of strains of L. interrogans 
in liquid medium, representing all serogroups known 
to be prevalent in the locality. Alternatively use cul- 
tures of reference strains of serovars that represent all 
known serogroups (c. 20) to cover all possible types 
of leptospira infection. : 

Use living cultures, or cultures killed by the addition 
of formalin (0.5% w/v) neutralized with magnesium 
carbonate (traces of formic acid cause non-specific 
agglutination of leptospires). Add excess MgCQs to a 
stock solution of formalin (40% formaldehyde); remove 
small quantities as required and filter before use. 
Killed suspensions are more convenient and safer for 
routine work and they may be stored for a month or 
longer before use; however if any suspension shows 
spontaneous agglutination during storage, discard it. 
Formalinized cultures of several serovars for use as 
antigens in the MAT are also available commercially 
(Difco). 


1. Dilute the patient's serum serially from 1 in 5 to 
1 in 15000 by the dropping technique, either, in 
tubes or in the wells of polystyrene plates. To three 
drops (0.02 ml) of each dilution ada three drops of 
antigen suspension. The procedure Is summarized 
in Table 34.2; this provides a series of dilutions of 1 In 
10, 1 in 30, 1 in 100, etc., to 1 in 3000 or more. Alterna- 
tively, prepare a series of 2-fold dilutions, 1 in 10 to 
1 in 5120. 

2. If living cultures are used, incubate the mixtures 
at 32°C (or 37°C) for 3h and allow to stand at room 
temperature for 1h before reading or, if the specimen 
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® Serum diluted 1-in-5 from well no. 1. 
’ Serum diluted 1-in-50 from well no. 2. 


is received late in the day, hold the test mixtures at 
4°C overnight and read the following morning. If forma- 
linized antigens are used, keep the mixtures at room 
temperature overnight (covered to prevent evapora- 
lion) and read the reactions the following morning. 
Include a no-serum control with each test whatever 
the method used, to ensure that the antigens are 
satisfactory. | 

3. To read the tests, place a drop of the antigen- 
serum mixture from each well or tube on a microscope 
slide (or thin glass plate, c. 12 x 8cm. prepared for 
the purpose). Examine the drops with a 16 mm objec- 
tive (x 100-120) using darkfield illumination. It is not 
necessary to place a cover-slip over the drop and if 
each drop is quickly examined consecutively, starting 
with the highest dilution of serum, a large number of 
readings can be made on the same slide or glass plate. 
Agglutination of living leptospires appears as lightly 
refractile, spherical masses. Lysis, which was previ- 
ously thought to occur, does not take place. With 
formalinized cultures, agglutination appears as loose 
irregular cotton-wool-like clumps, quite different from 
agglutinated living leptospires. ! 

4. Determine the highest dilution of serum which 
agglutinates 50% or more of leptospires in the drop 


of suspension, This is judged by the proportion of — 


organisms free between the agglutinated clumps. 
Compare with the no-serum control. This dilution 
represents the titre of antibody specific for the particular 
serovar used. 


interpretation, The test is essentially serogroup- 
specific but many serovars are related serologically 
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through their minor antigens and there is a certain 
amount of cross-reaction between the various strains 
used as antigens, especially in the early stages of 
the infection, and it may not be possible to obtain a 
true indication of the serogroup of the infecting strain 
at that stage. Later specimens however tend to react 
mainly with the strain that represents the serogroup 
to which the infecting strain belongs. A series of speci- 
mens of serum taken over a period of several weeks 
will result in a demonstrable rise in the titre of the 
homologous antibodies which confirms the diagnosis of 
present infection. The strain that reacts most strongly 
with the late specimens indicates the serogroup of 
the infecting strain. 


BSK Il medium for the culture of Borrelia 
burgdorferi 


The following medium is described by Barbour 
(1984). After detergent cleaning, all glassware is rinsed 
thoroughly with glass-distilled water and autoclaved. 


Basal medium. Prepare 1 litre working strength 
Connaught Medical Research Laboratories (CMRL) 
1066 (a tissue culture medium) by adding 100 ml of 
x 10 concentrate without glutamate (Gibco) to 900 mi 
glass-distilled water. 


Supplemented medium, Add to the basal medium 
in the following order: 


Neopeptone (Difco) 59 
Bovine serum albumin, Fraction V 
(Miles No. 81-003) | 50g 
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Yeastolate (Difco) 29 
HEPES buffer (Sigma) 6g 
Glucose 5g 
Sodium citrate 0.79 
Sodium pyruvate 0.8g 
N-Acetyiglucosamine (Sigma) 0.49 
Sodium bicarbonate 2.29 


Adjust pH at 20—25°C to 7.6 with NaOH, 1 moll/litre. 
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tion of 6% (v/v). Dispense to containers filled 50-90% 
capacity; cap tightly. Incubate microaerophilically at 34°C. 
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Coxiella burnetii and other medically important 
members of the family Rickettsiaceae 


B. P Marmion D. A. Worswick 





Diseases of man caused by organisms of the family 
Rickettsiaceae constitute six major groups: (1) the 
typhus and spotted fevers, (2) scrub typhus, (3) Q 
fever (coxiellosis), (4) ehrlichiosis, (5) trench fever, 
septicaemia, bacillary angiomatosis and parenchymal 
peliosis caused by various members of the genus 
Rochalimaea, and (6) bartonellosis. 

Organisms of the family Rickettsiaceae are small 
prokaryotes, conveniently referred to as ‘rickettsias’, 
without prejudice to systematics, to distinguish them 
from larger bacteria. They have in common a re- 
quirement for replication inside or on the surface 
of host cells in vivo and often a similar ecology and 
patterns of transmission between hosts, e.g. the 
ability to multiply in various arthropods and to be 
maintained in natural reservoirs in warm-blooded 
animal hosts, including man. Rickettsias are for the 
most part transmitted to human beings by blood- 
sucking arthropods. A major exception is the causal 
agent of Q fever, which is typically excreted in the 
products of conception and the milk of infected 
cattle, sheep or goats and sometimes in those of 
cats and dogs. It is then transmitted in aerosols 
or dust, via the respiratory tract, to other animals or 
man. 

Despite these ecological similarities, classification 
of the rickettsias on the basis of the relatedness 
of their 16S ribosomal RNA (16S rRNA) gene se- 
quences places individual groups in different divi- 
sions of the purple bacteria (Proteobacteria: see 
Weiss 1992) and shows .them to be heterogeneous, 
sometimes quite distantly related genetically, and 
evidently in some need of reclassification. For exam- 
ple, on this analysis, Coxiella burnetit 1s more closely 
related to Legionella spp than to other members of 
the Rickettsiaceae. However, reports of an antigenic 
relationship between the two genera apparently 
owe more to dual infection than to shared antigens 
(Finidori et al 1992). Some systermatists wish to 
remove Bartonella and Rochalimaea from the order 
Rickettsiales and consolidate them in the family 


Bartonellaceae (Brenner et a! 1993), a proposal that 
is gaining currency. 

Bartonella baciliformis and Rochalimaea spp grow 
epicellularly in arthropod or auimal hosts, and slowly 
on a modified blood agar or other artificial medium 
in the Jaboratory. In contrast, other rickettsias are 
obligate intracellular bacteria. Individual rickettsial 
cells are mostly small, pleomorphic, rod-like or 
coccobacillary in shape and occur in chains, pairs or 
as single cells. In size, members of the spotted fever 
group are largest (averaging 0.6 x 1.2 sm); C. burneri 
is the smallest (averaging 0.25 x 1.0 im), and repre- 
sentatives of the typhus group fall in between. Many 
species of rickettsias multiply by simple binary fis- 
sion, but others have a more complex replication 
cycle involving larger replicative forms with a relaxed 
cell wall, endospores and compact cells (Q fever), 
or morula forms (Ehrlichta spp). 

Rickettsias vary widely in their resistance to physi- 
cal and chemical agents. C. burnett is the most re- 
sistant, more so in fact than many non-sporing 
microorganisms. It can remain infectious for months 
in milk, tap water, soil or dried blood. Effective 
disinfection can be achieved with 2% (v/v) formalde- 
hyde, 1% (v/v) Lysol (a mixture of saponified ary] 
and alkyl derivatives of phenol), ethy] ether and 
5% (v/v) hydrogen peroxide. The action of other 
common disinfectants is not reliable. Other patho- 
genic rickettsias, such as those of the typhus or 
spotted fever groups, are much less resistant, and are 
quickly rendered non-infectious with hypochlorite 
(available chlorine 50-500 p.p.m.), phenol (1% v/v) 
or ethanol (70% v/v), as well as by those disinfectants 
effective against C. burnetii. 


Clinical and epidemiological aspects 


A summary of the clinical presentations and epide- 
miological features of the groups of pathogenic 
rickettsias is given in Table 35.1; see also Marmion 
(1990), and the various specialized texts cited below. 
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Q fever 


Q fever and its various sequelae is probably the com- 
monest rickettsial diagnostic problem for microbio- 
logical laboratories in western countries. The acute 
disease starts abruptly with fever, extreme fatigue, 
chills, profuse sweats, muscle and joint pains and a 
severe intractable headache with photophobia. Pneu- 
monitis follows in about 10—20% of cases. At onset 


most patients have abnormal levels of liver amino- 


transferase and alkaline phosphatase, although few 
become jaundiced. Atypical presentations include 
encephalomeningitis, involvement of thyroid, pan- 
creas, ovary or testicle, and peripheral thrombosis 


‘in early convalescence. The acute attack may be 


followed in 10-20% of cases by a prolonged post- 
infection debility state with profound and inappropn- 
ate fatigue on exertion, night sweats, muscle and joint 
pains and changes to mental state and sleep patterns 
— a pattern resembling the chronic fatigue syndrome. 
In severe cases this post-Q-fever debility may last for 
several years. More rarely, infection with C. burnetii 
may be followed by Q fever endocarditis (Andrews & 
Marmion 1959, Turck et al 1976). Tests for Q fever 
antibodies should be performed routinely in endo- 
carditis patients with negative blood cultures. Other 
persistent infections include, very rarely, chronic liver 
involvement (Peacock et al 1983, Yebra et al 1988) 
or, in women, placental infection at term and, rarely, 
fetal death (Syrucek et al 1958, Friedland et al 1994); 
sequels analogous to placental infection occurring in 
cattle, sheep and goats. Chronic infection of vascular 
prostheses and of bone and joints has also been de- 
scribed (Ellis et al 1983, Raoult et al 1989). Detailed 
reviews of acute and chronic Q fever, its epidemiology 
and the ecology of the coxiellas are given by Marrie 
(1990) and accounts of the biology and immunology 
of C. burnetii by Williams & Thompson (1991). 


Typhus, spotted fever and scrub typhus 


Excellent well illustrated accounts of the clinical 
aspects of typhus, spotted fevers, scrub typhus and 
trench fever derived from experience in two World 
Wars are given by Horsfall & Tamm (1965) and are 
summarized by Marmion (1990). The biology of the 
organisms is described by various authors in the 
two volumes on rickettsial diseases edited by Walker 
(Walker 1988). Probably much murine typhus and 
some spotted fever now passes unrecognized, the 
rash and other diagnostic features either failing to 
develop or being aborted by antibiotic treatment 
(Sexton & Corey 1992). 

Primary attacks of epidemic typhus (Rickettsia 
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prowazekii) may result in a recovery followed by 
recrudescent disease. The latter takes the form of 
Brill—Zinsser disease, which is characterized sero- 
logically by an almost pure IgG-specific antibody 
response to R. prowazekn antigens (Ormsbee et al 
1977). Murine typhus rickettsias have been involved 


‘in endocarditis (Buchs et al 1992). 


Investigations of an outbreak of 33 cases of murine 
typhus in Los Angeles County suggested that domes- 
tic cats, opossums (Didelphis marsupialis) and cat fleas 
(Ctenocephahdes felis) were the source of infection, 
rather than the classical transmission cycle from rats 
and rat fleas (Sorvillo et al 1993). 

In addition to the well recognized human patho- 
gens of the typhus and ‘spotted fever groups, a 
number of related rickettsias have been described in 
recent years. Examples are R. canada in the typhus 
group, and R. slovaca, R. rhipicephali, R. massiliae 
(Beati & Raoult 1993) and R. helvetica (Beati et al 
1993) in the spotted fever group. The pathogenicity 
of these mew species for man is uncertain. For 
classificatory details of these and other named and 
unnamed isolates, see Beati et al (1993). 


Ehrlichiosis 


The recognition of human disease caused by Ehrlichia 
spp in the USA dates from the mid 1980s, although 
Sennetsu fever (E. sennetsu), a disease with fever 
and a rash resembling infectious mononucleosis or 
chickenpox, was reported earlier in Japan. In the 
USA, Maeda et al (1987) found serological evidence 
of infection with E. canis in a patient with fever and a 
rash after tick bite, a clinical picture that resembled 
spotted fever. Dawson et al (1991) described the iso- 
lation of an organism resembling E. canis from the 
blood of a soldier at Fort Chaffee, Arkansas, who 
had fever, pharyngitis, splenomegaly and cervical 
lymphadenopathy. A small rickettsia-like organism 
was isolated from his blood in a canine macrophage 
cell line. The patient developed antibody which re- 
acted with both the new isolate and F. cans; the 
latter may be used as a diagnostic reagent to test sera 
from patients with suspected ehrlichiosis. Sequences 
in the 16S rRNA genes of E. sennetsu, FE. canis, FE. equi 
and E. phagocytophila were amplified by PCR with 
‘universal’ eubacterial primers, cloned, and com- 
pared with those of the new isolate — named E. 
chaffeensis — and with published information on £. 
ristici. This showed that £. chaffeensis was most 
closely related to E. cams (98.2%), less closely (c. 
92%) to E. phagocytophilia and E. equi, and distantly 
(c, 84%) to E. risticit and F. sennetsu (Anderson et al 
1991), 
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Subsequent studies have revealed that human 
ehrlichiosis is widely distributed in the USA, is as 
frequent as spotted fever, and may be a severe disease 
with pneumonitis and acute respiratory failure, 
encephalopathy, kidney failure or a haemophago- 
cytolytic syndrome with pancytopenia, disseminated 
intravascular coagulation and septic shock (Eng et al 
(1990, McDade 1990, Anderson et al 1991), 

The geographical distribution of human cases of 
ehrlichiosis in the USA is almost identical to that 
of the Lone Star tick, Amblyomma americanum, and 
E. chaffeensis has been demonstrated in the tick 
(Anderson et al 1993). White-tailed deer may be a 
host in the wild (Dawson et al 1994). Granulotropic 
Ehrlichia species, i.e. ones growing in granulocytes 
rather than in monocytes, may also cause disease in 
man. Chen et al (1994) demonstrated organisms re- 
lated to E. phagocytophilia and FE. equi in six human 
cases, two fatal, with fever, leucopenia and morula- 
like inclusions in granulocytes. 


Rochalimaea spp and bartonellosis 


Louse-borne infection with Rochalimaea quintana 
was epidemic in troops in the European theatre of 
war in 1915 and occurred again in more limited 
outbreaks in World War 2, It took the form of a fever 
of acute onset with chills, headache, retro-orbital 
pain, conjunctival engorgement, severe pains in the 
back and legs and successive crops of erythematous 
macules or papules on the trunk. Despite the name 
‘quintana’, fever may last for more than 5 days and 
relapse over several weeks. The causative organism, 
R. quintana, was grown by Vinson (1966) on a modi- 
fied blood agar. A similar organism (R. vinsonit) was 
grown by Baker (1946) from Canadian voles but 
does not appear to be a human pathogen. 

In recent years a number of isolations of organisms 
resembling R. guintana have been made from HIV- 
infected patients, from those with leukaemia, or 
from immunosuppressed patients, e.g. with organ 
transplants. Detailed analysis showed that the strains 
closely resembled but were not identical to R. 
quintana in fatty acid composition and peptidase 
activity. By DNA re-association analysis, the new 
isolates — now designated R. henselae sp nov — showed 
about 70% relatedness to R. guintana and about 60% 
to R, vinsoniu. Sequence homology with DNA from 
Bartonella bacilliformis was 43% but only about 1% 
with Afipia felis; the latter also has little homology 
in comparisons of 16S rRNA gene sequences (Welch 
et al 1992, Regnery et al 1992). 

Infection in immunocompromised subjects with R. 
henselae, and sometimes with R. guintana, is charac- 
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terized by fever, septicaemia without localizing signs, 
or by epithelioid angiomatosis — a proliferation of 
endothelial cells which then line blood-filled spaces 
in liver or spleen (peliosis), or produce cutaneous 
lesions somewhat resembling Kaposi’s sarcoma but 
without the malignant cells. Bacillary angiomatosis 
may also involve respiratory or gastrointestinal mu- 
cosa, lymph nodes, CNS, heart and endocardium, 
and bone marrow (see Adal et al 1994), Recent work 
also indicates that cat scratch fever in immuno- 
competent adults, a chronic benign adenopathy 
associated with a primary lesion in the skin, is com- 
monly caused by R. henselae rather than by A. felts 
as formerly supposed, although a pathogenic role 
for the latter is not yet entirely ruled out (Welch et al 
1992, Regnery et al 1992, Regnery 1993, Andrews 
& Knoff 1993). 

A recent additién to the group is Rochalimaea 
elizabethae sp nov which was isolated from an immu- 
nocompetent patient with endocarditis (Daly et al 
1993), Comments in these papers indicate that, on 
first isolation, Rochalimaea spp are likely to be mis- 
taken for mycobacteria on the basis of growth rate, 
and with campylobacter on microscopic morphology. 
Patients infected with R. henselae more often have 
traumatic exposure to cats, kittens and cat fleas 
than do control groups (Tappero et al 1993). The 
rickettsia has been isolated from the nasopharynx 
and blood of cats; a significant number of cats are 
seropositive. The organism has also been demon- 
strated in cat fleas. 

Infection with Bartonella baciilliformis is the cause 
of Oroya fever in Peru, Ecuador and Columbia. It 
is transmitted by sandflies and has a high mortality 
if untreated but fortunately is sensitive to broad- 
spectrum antibiotics. A sequel to Oroya fever — verruga 
peruana — is of interest in the light of the recently 
recognized bacillary angiomatosis in Rochalimaea 


infections; it also takes the form of a dermal eruption 


with vasculoendothelial cell proliferation, 


LABORATORY DIAGNOSIS OF 
RICKETTSIAL INFECTIONS 


Despite the diversity of the organisms making up 
the famuly Rickettsiaceae, the approach to laboratory 
diagnosis is much the same for all. Laboratory con- 
firmation of a rickettsial infection may be obtained 
by isolating the organism in laboratory animals, in 
cell culture or, less satisfactorily, in fertile hens’ eggs 
and then biotyping the isolate. More commonly, 
because of the laborious, slow and hazardous nature 
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of isolation methods, acute and convalescent phase 
sera are assayed for an antibody response with a 
battery of antigens representing likely causative agents. 
In certain circumstances (e.g. biopsy samples from 
the rash of spotted fever, cardiac vegetations from Q 
fever endocarditis or biopsy specimens from chronic 
hepatitis, endolymph from ticks, impression smears 
from the organs of infected animals) the organism 
may be detected directly with Giemsa, Macchiavello 
or Gimenez stains, by immunofluorescence, or by 
antigen-capture EJA. In recent studies much use 
has been made of molecular biological methods for 
detecting and speciating the rickettsias. Primers and 
probes for unique sequences in the genome of the 
organism or its plasmids are synthesized and the 
sequences amplified by PCR (Ch. 10). Alternatively, 
sequences within the 16S rRNA genes are amplified 
by PCR with ‘universal’ primers and the products 
sequenced and compared with the sequence patterns 


_of prototype organisms. Analysis of restriction frag- 


ment length polymorphisms (RFLP) of the amplicons 
may also be of value. This approach is illustrated in 
detail for Q fever, below. With other nckettsias, the 
cited references should be consulted for details of 
primers and probes and developed in conjunction 
with the information in Chapter 10. 

The difficulties and dangers of working with live 
pathogenic rickettsias preclude isolation of the organ- 
ism as a diagnostic measure in most clinical labora- 
tories. Detailed texts (Horsfall & Tamm 1965, 
Lennette & Schmidt 1979, Walker & Peacock 1988) 
should be consulted before such attempts are con- 
templated. If the isolation and identification of a 
possible rickettsial agent is crucial, then blood or 
other samples taken from the patient during the fe- 
brile period should be sent to a specialized reference 
laboratory. The cultivation of pathogenic rickettsias 
in animals, eggs or cell cultures should be attempted 
only in approved containment facilities (e.g. class 3, 
US Public Health Service 1978; but see also Ch. 3) 
and then only by workers protected by vaccine or 
immune following past exposure. Autopsies on fatal 
cases of Q fever should be conducted by individuals 
who have had Q fever vaccine, or who have markers 
of immunity (antibody or a positive skin test with 
Coxiella burnetti antigen). An inactivated Q fever 
vaccine (Q Vax) is available from CSL Ltd, Australia. 

The constraints arising from a requirement for 
special laboratory and animal-house facilities for the 
isolation of rickettsias, the experience required for 
the effective use of Giemsa and other rickettsial 
stains, and the substantial resources needed to pre- 
pare primers and probes for PCR gene amplification 
and for containment of amplicon contamination, 
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mean in effect that most clinical laboratories will 
confine their diagnostic approach to the collection 
and testing of sera for antibody, and to the aseptic 
collection of tissues by biopsy or at autopsy for 
examination at a reference laboratory. 

Aside perhaps from the demonstration of nckettsias 
in biopsy specimens by immunofluorescence (IF), 
or, in the future, by PCR gene amplification, the pro- 
cedures mentioned are slow to provide diagnostic 
confirmation. The clinical microbiologist faced with 
a fever of uncertain origin, atypical pneumonia, etc., 
which may be of rickettsial origin, has a substantial 
responsibility to ensure, on the basis of ‘best guess’, 
the early use in the illness of broad-spectrum anti- 
biotics active against rickettsias, before serodiagnosis 
is possible. This may have a significant effect on 
mortality (e.g. from the spotted fevers) or on the 
development of severe complications. 


Collection of specimens 


For serotesting, three blood samples should be taken: 
one as early as possible after onset of disease, one 
during the second week, and one during the fourth 
week following onset. 

Certain measures are important to maximize the 
possibility of isolating a rickettsia, particularly of the 
typhus or spotted fever group. If isolation attémpts 
in animals are to be made, then, ideally, suspensions 
of blood or tissue should be injected within 30 min 
of their preparation. Otherwise, the suspect material 
should be quickly frozen as a layer or ‘shell’ on the 
wall of a container rotated in a bath of ethanol—solid 
CO, mixture and stored at or below —70°C. If whole 
blood is taken for later animal injection, 1t may also 


be shell-frozen. If possible, take 10 ml blood samples, 


allow them to clot, centrifuge immediately and freeze 
the clot and serum separately. Subsequently the 
clot may be injected into the test animals either as 
a 10% (w/v) suspension in sterile skim milk or in 
brain—heart infusion broth. The use of other common 
diluents may result in a great and rapid loss of in- 
fectivity of the rickettsias present, particularly with 
members of the typhus and spotted fever groups, 
although less so with C. burner. Blood specimens 
taken later than the first week after onset should as a 
routine be separated into cells and serum or plasma, 
because by then the latter may contain antibodies. 
Do not add anticoagulants to blood specimens. 
Never freeze whole blood specimens to be used for 
serological testing. Serum separated from haemo- 
lysed specimens may give non-specific reactions. 
Frozen specimens must be held at or below —70°C 
while in storage or transit. It is not sufficient that 
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they be merely kept frozen. They should be sent to 
the reference laboratory in a properly insulated con- 
tainer with enough solid CO, to maintain the 
interior temperature at —70°C for at least 24 h longer 
than the estimated length of time required for arrival. 
A common difficulty is, however, that specimens 
with dry ice are unexpectedly delayed in transit and 
that the 24 h safety margin is still not sufficient. The 
use of a so-called ‘dry’ nitrogen shipper (Taylor- 
Wharton Cryogenics), a specially designed vacuum 
container with absorbent material to hold a charge 
of liquid nitrogen, has proved most satisfactory in 
offsetting the vagaries of transportation, At the time 
of shipment, the reference laboratory should be noti- 
fied by telephone or fax of time of departure of the 
shipment, airline and flight number, and the way bill 
number and other identification marks to enable the 
package to be individually recognized and retrieved 
at the incoming end. 

When removed from the shipping carton or —70°C 
refrigerator, the specimen should be thawed promptly 
by immersing the container in tepid water, and 
immediately injected into appropriate laboratory 
animals or other culture systern. Neglect of any of 
these precautions may result in failure of the very 
considerable efforts often required to isolate and 
identify the rickettsial agent. 

If ticks or other arthropods collected from the 
bodies or clothing of patients are to be examined 
directly for rickettsias, they should be transported 
in a tightly stoppered glass receptacle containing a 
pledget of moist cotton to ensure survival, as they are 
easily killed by desiccation. 


Direct microscopic observation of 
rickettsias 


Stained impression smears of infected tissue may be 
examined directly for rickettsias (including Rochalimaea 
spp and ehrlichias). Stains commonly used are 
Gimenez (Gimenez 1964), Macchiavello (Lennette 
& Schmidt 1979) and Giemsa (for Giemsa staining 
method see Ch. 45). Except for R. tsutsugamushi, 
rickettsias stain a brilliant red with Gimenez stain, 
red with Macchiavello and purple with Giemsa. R. 
tsutsugamushi stains reddish-black with a modified 
Gimenez stain. None of these stains will reliably dif- 
ferentiate rickettsias from bacteria. As with myco- 
plasmas and the elementary bodies of chlamydia, 
rickettsias may be fluorochromed with the Hoechst 
33258 stain for DNA (Ch. 36). 

In tissue smears, rickettsias are usually seen as 
bipolar rods, occurring near cells or free in the cyto- 
plasm. R. nckettsi.may also be found within the 
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nuclei of infected cells. C. burnett grows as a micro- 
colony in a cytoplasmic vacuole with many scores of 
organisms; individual organisms may be difficult to 


visualize, the entire contents of the vacuole appearing ~ 


to be a granular mass which stains red with Gimenez 
or Macchiavello stain. 

Infected tissue sections, smears or cells may also 
be examined directly by immunofluorescence with 
the benefits of greater sensitivity and specificity as 
compared with the classical staining methods. Ant- 
sera tagged with fluorescein isothiocyanate (FITC), 
or the indirect immunofluorescence method, may be 
used successfully to detect and identify pathogenic 
rickettsias, e.g. those in biopsy material from the 
early skin lesions in spotted fever (Woodward et al 
1976), lymph node biopsy in cat scratch fever, organ- 
isms in ticks or other naturally infected arthropods 
(Burgdorfer 1970), and C. burnett in frozen or 
formalin-fixed sections of the vegetations of Q fever 
endocarditis (Mitchell et al 1966, Lamb et al 1969). 
The latter application requires guinea-pig or other 
animal sera containing high levels of antibody against 
C. burner phase I antigen. As the rickettsias may be 
coated with antibody formed by the patient, pre- 
treatment of the section with a protease may be 
advantageous (see Ch. 44 for details of techniques). 
In circumstances when there are doubts about the 
identity of small numbers of stained particles in a 
tissue section — e.g. mast cell granules or C. burnetii in 
a section of a heart valve vegetation — examination 
of thin sections in the electron microscope may prove 
helpful. The approach and results are illustrated by 
Turck et al (1976) and McCaul et al (1994). Similar 
considerations apply to the Rochalimaea organisms 
in biopsies of lesions of bacillary angiomatosis. 


Serological diagnosis of rickettsial 
disease 


The principle is essentially similar for each rickettsial 
infection. The antibody response between acute and 
convalescent sera is detected by complement fixation 
with purified antigens, by immunofluorescence (IF) 
on microdots of purified rickettsias, on fixed cell 
smears infected with prototype strains, or by enzyme 
immunoassay (ELA) with particulate or extracted 
antigens, 

Over the years, numerous other techniques have 
been devised for the in-vitro measurement of rickettsial 
antibodies. These include radioimmunoprecipitation 
(Gerloff et al 1962) or immunoassay, the coating of 
carner particles such as latex spheres or erythrocytes 
with soluble or fragmented antigen (Shirai et al 1975, 
Anacker et al 1979) and agglutination- of rickettsias 
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in tubes or plates (e.g. Fiset et al 1969). ‘The latter 
assays include the use of unstained or stained anti- 
gens, and agglutination techniques enhanced with 
Coombs antiglobulin reagent, plate centrifugation, 
or increased tonicity of the diluent. At the time it 
was devised the agglutination test had the advantage 
that it measured antibody in all immunoglobulin 
classes, in particular IgM, and so became positive in 
advance of complement fixation (CF) tests, which 
mostly measure IgG antibody. The sensitivity and 
limitations of these special assays have been well 
reviewed by Walker & Peacock (1988) who make the 
point that even microagglutination requires 8 tg of 
antigen per serum dilution. Given the difficulty and 
expense of procuring antigen, the technique has been 
supplanted by CF, IF and EIA. 

Measurement of antibody by IF on microdots of 
rickettsias is a good general technique — sensitive, 
economical in antigen usage, quantifiable in terms 
of antibody titre and adaptable for measurement of 
antibody in the IgG, IgM and IgA globulin classes. 
However, these techniques may not be available in 
the smaller clinical laboratory at short notice, and use 
may have to be made of the Weil—Felix test (see 
below). Antigens of varying reliability are available 
for the latter. Particular attention should be given 
to details of standardization provided by the manu- 
facturer to ensure that the antigens have been tested 
with sera from patients with rickettsial infections 
and not merely against sera from laboratory animals 
immunized with the Proteus strains. 

Rickettsial antigens for use in the CF test are 
ordinarily made from crude suspensions of heavily 
infected chick embryo yolk sacs. These are sus- 
pended in buffered salt solution containing formalde- 
hyde (1.0% v/v), ground in a blender and centrifuged 
to sediment the bulk of the rickettsias. Following 
resuspension of the pellet in buffered saline, the 
preparation is shaken with an excess of ethyl ether. 
This procedure results in a polydisperse prepara- 
tion of antigen, some of which (‘soluble antigen’) is 
not sedimentable by centrifugation at forces up to 
18 000 g. ‘Soluble’ group-specific CF antigen is re- 
leased from members of the typhus, spotted fever 
and scrub typhus groups but not from C. burnetit. 
Commercially available antigens suitable for the 
CF test will nave been made from infected chicken 
embryo yolk sacs by methods which always include 
treatment with ether and are composed of a mixture 
of varying proportions of ‘soluble’ and particulate 
antigen. Specific and very stable particulate antigen 
preparations may be produced by first treating the 
crude yolk sac suspensions of rickettsias with formal- 
dehyde and then purifying them by a high-salt pro- 
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cess (Ormsbee et al 1977). These antigens can be 
used interchangeably in CF, micro-agglutination and 
microimmunofluorescence tests with highly consistent 
results. 

Antisera for use as positive controls in serological 
tests for typhus, the spotted fevers or Q fever can 
be obtained from convalescent human patients or 
from guinea-pigs that have survived infection. Only 
healthy adult animals should be used whose pre- 
infection sera were not anticomplementary and did 
not react non-specifically with human tissues or 
rickettsial antigens. 

For preparation of antisera, guinea-pigs are inocul- 
ated intraperitoneally with suspensions of infected 
spleen and liver from guinea-pigs of a previous pas- 
sage, and held for 4-5 weeks. The surviving animals 
are then bled from the heart, and the separated serum 
is preserved with aqueous merthiolate in a final con- 
centration of 1 in 10 000 and stored in small aliquots 
in a freezer. With the possible exception of Q fever 
antisera, the general microbiology or virology labora- 
tory would obtain such antisera from a reference 
laboratory. | 


Complement fixation test for the diagnosis of 
rickettsial infections 


Human and guinea-pig sera seldom give non-specific 
(‘anticomplementary’) reactions, although this is 
not so with sera taken from other animals, including 
sheep, camels, donkeys and some species (Hemuchinus 
spp) of the hedgehog family. Non-specific reactions 
in human and other serum may often be eliminated 
by treatment with concentrated guinea-pig comple- 
ment followed by heat-inactivation at 60°C. 

The micro CF test described in Chapter 9 may be 
used for the measurement of rickettsial antibodies, 
viz, in microtitre plates, a unit volume of 0,025 ml, 
3 HD50 of complement, 8-16 units of antigen (or an 
optimal antigen dilution) and overnight fixation at 4°C. 

Commercial rickettsia] CF antigens vary signifi- 
cantly with respect to group and species specificity 
and should therefore be titrated in a ‘block’ or ‘chess- 
board’ antigen-antibody titration with guinea-pig 
antisera (representing the major species of each 
group) to determine the optimal antigen dose, i.e. 
that giving the highest serum antibody titre (Ch. 9), 
This value is usually similar in human and guinea-pig 
antisera but may be substantially different with ovine 
and bovine sera. Consequently, antibody-containing 
sera from these species should be used to determine 
the optimal antigen dose when serological surveys 
of these animals are undertaken. 

As most CF antigen preparations are made from 
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infected chick embryo yolk sacs, 2 contro! antigen 
made from normal yolk sac tissue should be included 
in each test. 

Rickettsial CF antigens should be stored at 4°C. 
This will not prevent spontaneous loss of species- 
specificity of typhus and spotted fever antigens, and 
cornmercial ether-extracted antigen may require to 
be reprocessed and restandardizéd. Such problems do 
not arise with Q fever antigens as they are extremely 
stable if stored at 4°C and never frozen (they are par- 
ticularly susceptible to freezing and thawing, which 
causes spontaneous aggregation and flocculation). 

Sera are generally tested for rickettsial antibodies 
in two-fold dilutions from 1 in 10 to 1 in 1280 to 
bracket the endpoint or, alternatively, screened ini- 
tially at dilutions of 1 in 10 and | in 40 to verify the 
presence of sera from positive reactors which are 
subsequently re-titrated to determine the titre. 

Test antigens for patients suspected of having Q 
fever, primary typhus or Brill’s disease in the UK 
would normally include ‘soluble’ typhus group and 
phase If CF antigen of C. burnerit. If hepatic or 
cardiac disease caused by C. burnetii is suspected, 


both phase I and phase II antigens of C. burnetii 


should be included in the test. Although Q fever 
is certainly the most prevalent rickettsial infection 
in the UK, others may be imported from Western 
Europe or other areas of the world; for example, 
boutonneuse fever exists in France and along the 
Mediterranean littoral. A history of recent travel 


to such areas might prompt inclusion of R. conori 


CF antigen for detection of a spotted fever group 
infection. 


Interpretation of CF test results 


Complement-fixing antibodies generally appear in 
the patient’s serum late in the second week of illness, 
attain peak titres (typically in the range 80-320) 
within the following 2 weeks and then slowly decline 
over a period of months. Low levels of antibodies 
‘may persist for many years following some primary 
cases of epidemic typhus or Q fever. The CF anti- 
body response in primary Q fever is essentially an 
IgG response to the phase II antigen, occasionally 
accompanied by low-level titres (10-40) of phase I 
antibody late in convalescence (but see below for 
responses in other Ig classes detected by IF). Patients 


with granulomatous hepatitis caused by C. burnetii 


exhibit a CF phase II titre of 1280-5120 and usually 
a phase I antibody titre of 20-160, although some- 
times higher, particularly by IF and in the IgG frac- 
tion (experience is limited to few cases). Q fever 
endocarditis stimulates phase I antibody responses 
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that are usually as high as or higher than titre 1280— 
2560, the concomitant phase II response (Andrews 
& Marmion 1959, Peacock et al 1983, Worswick & 
Marmion 1985). 


Antigen detection 


Tissue sections, or impression smears, or smears of 
arthropod haemolymph are allowed to air-dry on a 
microscope slide. Fix in dehydrated acetone for 
10min (see also Ch. 44 for discussion of fixation 
and rehydration of sections). Cover tissue section or 
smear with guinea-pig antiserum previously tagged 
with fluorescein isothiocyanate (FITC) and contain- 
ing antibodies against the rickettsia suspected to be 
present. Allow to react for 30 min in a moist chamber 
at 37°C, Rinse slide thoroughly, air-dry and examine 
under oil immersion with appropriate fluorescence 
optics (Ch. 44). Indirect immunofluorescence may 
also be used. 


Antibody detection by 
microimmunofluorescence test 


A number of workers (reviewed by Worswick & 
Marmion 1985) have used immunofluorescence (IF) 
to distinguish rickettsias of different antigenic com- 
position or to measure antibody, Philip et al (1976) 
used IF for diagnosis of typhus infections. We de- 
scribe below a method used for Q fever in our la- 
boratories. Sources of antigen and kits are given in 
an Appendix at the end of thé chapter. 

Test for rheumatoid factor. A 50 ul volume of 
gammaglobulin-coated latex particles in suspension 
is mixed with an equal volume of patient’s serum on 
black coated glass slides (‘Gonavi slide’, Mochida) to 
check for rheumatoid factor (RF). Positive sera are 
absorbed with latex particles coated with human 
gammaglobulin (CSL). A volume (0.25 ml) of the 
coated latex particles is sedimented at 10 000 g for 
10min in Eppendorf tubes and resuspended in 
0.25 ml of patient’s serum diluted 1 in 5 in phos- 
phate-buffered saline (PBS), pH 7.2. After incuba- 
tion at room temperature for 1h, or overnight at 
4°C, the latex particles are deposited by centrifuga- 
tion and the supernatant fluid is removed and 
retested for RF. If necessary, the absorption proce- 
dure is repeated until the serum is clearly RF 
negative. Sera to be tested for immunoglobulin 
class-specific antibody determinations are routinely 
absorbed for RF. 

Preparation of slides, Teflon-coated slides are pre- 
pared as described in Chapter 9. These may also 
be obtained from commercial sources but should 
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be checked for their stability in acetone. C. burnetii 
phase I and phase II antigens are applied to wells 
as microdots (100 dots/10 ul) with a microsyringe or 
capillary tube; the rickettsial concentration is 150 pg 
dry wt/ml. Phase I antigen is added to 18 of the total 
of 36 wells on the left portion of the slide, and phase 
II antigen to the remaining 18 wells on the right 
half of the slide. The microdots of antigen are dried, 
fixed in dehydrated acetone at room temperature for 
10 min, and can be stored dry with silica gel sachets 
in black airtight boxes at 4°C for a short time or 
at —20°C for up to a year. 

Fluorescent antibody staining. Serial two-fold dilu- 
tions of patient’s sera from | in 10 to 1 im 320 are 
prepared in PBS containing normal yolk sac 1% 
(v/v); each dilution is carefully layered over a micro- 
dot of phase I and phase II antigen set out on each of 
three slides so as to allow for detection of specific 
IgG, IgM and IgA antibody to the two antigens. 
Slides for the detection of IgG and IgA immuno- 
globulin classes are incubated for 45 min at 37°C 
whereas slides for the detection of IgM are incubated 
for 2.5 h at 37°C; these combinations of temperature 
and time give essentially the same results as overnight 
incubation at 4°C. Controls include (a) sera positive 
for IgM, IgG and IgA antibody to phase I and phase 
II antigens, and (b) a serum negative for antibody to 
phase I and phase I antigens in all three immuno- 
globulin classes. Normal yolk sac (1% v/v) diluent 
controls are included in each batch of tests to check 
for antigen autofluorescence. After incubation, the 
diluted sera are removed from each slide with a gentle 
jet of PBS from a wash bottle; slides are then placed 


_ jn metal racks and washed in two changes of PBS 


each lasting 5 min. After drying, antigen microdots 
on each slide are overlaid with an optimal dilution 
(see below) of the appropriate fluorescein-labelled 
anti-human IgM, IgG or IgA conjugate and incu- 
bated for 30 min at 37°C. They are washed as before, 
dipped quickly in distilled water, dried, mounted in 
glycerol 90% in PBS, pH 8.6, and covered with a 
single large cover-slip extending over the whole slide. 
Slides are examined within 6h with, for example, a 
Zeiss fluorescent microscope (blue excitation filter 
BP455/490 and a barrier filter BP520—560) at x400 
magnification with incident illumination or compara- 
ble fluorescence optics. Serum titres against each 
antigen (phase I and phase II) are taken as the highest 
serum dilution that imparts definite fluorescence to 
the organisms. 

Conjugates. In our laboratories, specific rabbit 
anti-human pt chain, and goat anti-human Fc and c- 
chain-specific, all fluorescein-labeiled conjugates, are 
obtained from Dakopatts for the detection of IgM, 
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IgG and IgA antibodies respectively. The appropriate 
dilution of each conjugate is determined by block 
or chessboard titration against a positive antiserum 
and is used at twice the concentration of the optimum 
dilution. The indirect IF test has been consistently 
more sensitive than the CF test in detecting rickettsial 
antibodies (see for example Philip et al 1976). 


Enzyme immunoassay for diagnosis of 
rickettsial infections 


A number of workers (e.g. Dasch et al 1979, Peter 
et al 1987) have developed EIA for rickettsial anti- 
bodies, in particular for Q fever. Commercial kits 
are also available. The assays are mostly based on 
absorption of rickettsial whole cells, or sonicated cell 
fragments, to wells in plastic plates. Patient’s serum 1s 
added as the next layer followed by enzyme-labelled 
conjugate (see Ch. 9). The principle of capturing the 
antibody (with antisera specific for IgG, IgM or IgA 
classes), then adding antigen and finally a detector 
system seems less popular. 

There are two points of difference between the 
EIA and the CF and IF tests just described. First, 
although it is possible to test a range of serum dilu- 
tions and express antibody potency as a titre (and 
then follow the convention of taking a four-fold or 
greater rise in titre as significant), this is rarely done, 
particularly with the commercial kits. Commonly, 
a single serum dilution, often 1-in-200, is tested and 
the absorbance value obtained is judged as positive 
(either ‘low’, ‘medium’ or ‘high positive’) in relation 
to a cut-off value obtained by testing several negative 
sera (see Ch. 9). This approach may give rise to dif- 
ficulties of interpretation for the clinician. If, say, the 
clinician has submitted two sera, one taken around 
15 days, and a second around 25 days from onset of 
illness, antibody levels may have reached a plateau 
and the readings given might, say, be ‘medium posi- 
tive’ in both samples. Given the much greater sensi- 
tivity of the EJA over the CF test, a serum with a 
stationary level of antibody with, say, a CF titre of 
40-80, which might result from a current illness 
or, alternatively, be residual antibody from a past 
infection, may not be interpretable. in these circum- 
stances reliance is often placed on the presence of 
IgM antibody as an indicator of recent or current 
infection. While this dogma is often correct, it may be 
noted nevertheless that re-exposure to C. burnetii in 
an immune individual may provoke a short-lived IgM 
response which may be taken to indicate a primary 
infection. Again, in a few Q fever patients the IgM- 


.to-IgG switch does not appear to operate effectively, 


and a raised level of IgM Q fever antibody may be 
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detected by the sensitive EIA technique for 2—3 years 
after the initial infection, giving rise to diagnostic 
confusion if such serological findings are found during 
the laboratory investigation of a respiratory infection 
of another aetiology. 

In these circumstances, we advocate retesting of 
the sera by IF on microdots and determination of 
titres. The differing kinetics of development of IgG, 
IgM and perhaps IgA antibody to phase I and phase 
II antigens (Worswick & Marmion 1985) can then 
be used with advantage to clarify the diagnosis. 


Weil—Felix (WF) agglutination reaction 


This reaction depends on a fortuitous similarity of 
certain carbohydrate antigenic determinants which 
occur In most species of pathogenic rickettsias and 
in the OX-19, OX-2 and OX-K strains of Proteus 
vulgaris and Proteus mirabihs (Shaffer & Goldin 1965). 
The test may be performed as a micro-agglutination 
reaction in microtitre plates with round-bottomed 
wells, with haematoxylin-stained antigen and 0.025 ml 
unit volumes (Fiset et al 1969). Plates are incubated 
for 2 h at 37°C followed by overnight incubation at 
4°C. The antibody titration may also be run as a tube 
test (Dreyer tubes, or round-bottomed agglutination 
tubes), in which complete (++++) agglutination is 
indicated by complete clearing of the supernatant 
fluid and the formation of white flocculent masses in 
the bottom of the tube. A serum titre of 80 is the 
lowest considered significant, but four-fold or greater 
increase of antibody between acute and convalescent 
sera is considered diagnostic and much more reliable 
than a single reading. 

Agglutinins detected by WF reaction seem to be 
largely in the IgM globulin fraction and appear 
transiently and early in the course of the rickettsial 
infection. Thus, in typhus patients ultimately shown 
to have rising antibody titres as determined by other 
tests, 55 of 61 patients were also positive by WF 
test with OX-19 antigen (Ormsbee et al 1977). In 
contrast, in typhus patients with constant or falling 
specific antibody titres by other tests, just 18 of 58 
were positive by the WF test. Overall, the WF test is 
less sensitive in detecting rickettsial antibodies than 
are other specific tests with which it has been com- 
pared. ‘Table 35.2 summarizes WF reactions found 
in human rickettsioses. 

The WF test is described in this chapter because 
its antigens and antisera are often more readily avail- 
able than specific rickettsial antigens. Nevertheless, 
the use of the WF test has produced more misleading 
results than any other serological test for the detec- 
tion of rickettsial antibodies. As emphasized earlier, 
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commercial antigens are sometimes standardized 
against sera from rabbits that have been immunized 
with the homologous strain of Proteus spp. Such 
antisera have little value as controls because they 
will agglutinate the WF antigen regardless of whether 
or not it will be agglutinated by the cross-reactive 
rickettsial antibodies that the test is designed to 
detect. The only valid antigen preparations for the 
WF reaction are those which have been standard- 
ized against antisera from patients infected with 
rickettsias. 

When the proper precautions are taken with re- 
spect to standardization of antigen and the inclusion 
of proper positive serum controls, the WF test can 
be of help in establishing a presumptive diagnosis 
of rickettsial disease. It does not distinguish the 
spotted fever group from murine typhus ‘in areas 
where these diseases coexist, nor is it of any help in 
detecting antibodies in rickettsialpox, rochalimaea 
or Q fever infections as subjects do not develop 
agglutinins to Proteus spp. Lastly, it is of little help 
in the laboratory diagnosis of Brill—Zinsser disease, 
in which a pure IgG antibody response occurs and 
the test is negative. 

The WF antigens also react with antibodies formed 
after infection with Proteus strains, or organisms other 
than rickettsias which have shared antigens, so that 
the occurrence of a positive reaction is not, by itself, 
indicative of a rickettsial infection. Thus, positive 
agglutination reactions in the absence of rickettsial 
infection have been observed in patients with urinary 
tract infection with Proteus spp, 1n leptospirosis, in 
borrelia infections and in severe liver disease. In the 
face of a positive WF reaction in a patient with the 
clinical features of a rickettsial infection it is wise 
to send the sera to a reference laboratory for confir- 
matory tests with specific antigens. 


at 


Laboratory diagnosis of Q fever 
Isolation of Coxiella burnetii in animals 


The presence of C. burnetii in specimens such as 
heparinized blood from a Q fever patient, tissues 
from suspected cases of Q fever endocarditis ob- 
tained at operation for valve replacement or at 
autopsy, or milk samples from infected cattle or 
goats, can be demonstrated by intraperitoneal inocu- 
lation of guinea-pigs, hamsters or mice. It is highly 
desirable that processing of samples be done in a 
safety hood in an isolated building and that the 
animals be held in isolation in accommodation with 
negative-pressure rooms, exhausted via Hepa filters. 
The level of risk to the operator depends on the 
material being processed. The number of organisms 
in an acute-stage blood sample from a Q fever 
patient, or in a contaminated milk sample, is usually 
small; consequently, the likelihood of excretion of 
many organisms in the urine of an infected guinea- 
pig is also small, as judged by the absence of cross- 
infection among animals held on the same rack of 
cages or evidence of infection among animal-room 
attendants. This may not apply to infected mice, 
which excrete the organism more readily. However, 
when larger numbers of coxiellas are present, as, for 
example, in an ovine placenta or a cardiac valve 
vegetation, excretion from an infected animal and 
accidental infection are more likely. Animal attend- 
ants and all other persons entering the facility should 
be vaccinated or have been shown to be immune. 

Hamsters are claimed to be more sensitive for 
isolation of C. burnetii than guinea-pigs, which, in 
turn, are more sensitive than many strains of mice; 
the most sensitive is the AJ strain. However, guinea- 
pigs are in common use. Mature guinea-pigs (500 g) 
are anaesthetized, and 5m! of blood is taken by 
cardiac puncture. The sera are tested by CF for 
C. burnetii phase II antibodies. Several seronegative 
animals are inoculated intraperitoneally with 3—5 ml 
of the sample (milk, blood or blood clot, etc.) without 
antibiotic. Streptomycin and other antibiotics inhibit 
rickettsias, and penicillin is toxic to guinea-pigs. If 
the patient has already formed antibody, it is prefer- 
able to allow the blood to clot and inject the clot 
alone after grinding it up in skim milk contained in 
a screw-topped grinder placed in a safety hood .to 
minimize the possible escape of infectious aerosols. 
Place one or more sentinel animals in nearby cages 
to monitor for cross-infection. 


Rectal temperatures are taken daily to detect fever: 


(>40°C) in the inoculated animals, if serial passage 
to other animais or chick embryos is to be attempted. 


COXIELLA BURNETI! AND OTHER RICKETTSIAS 35 


Blood, or liver and spleen is collected from febrile 
animals for passage. At 4 and 6 weeks after ‘inocula- 
tion the (remaining) animals should be bled again 
and pre- and post-inoculation sera tested with phase 
Il C. burnetti CF antigen (or typhus CF antigen if 
indicated). A conversion to seropositive (CF titre > 5, 
IF >20), with negative results from the sentinel 
animals, is decisive evidence for the presence of live 
C. burneti in the original inoculum. It appears that 
strains of C. burnetii vary in pathogenicity (strains 
from endocarditis less frequently induce fever, and 
the ‘Dugway’ strains are avirulent for guinea-pigs). 
Further passages of liver and spleen homogenate 
to fresh animals may be needed before an infection is 
clearly established. The liver-spleen homogenate 
may be tested by PCR gene sequence amplification to 
detect or speciate the organism, or cell cultures may 
be inoculated to establish the isolate (see below). 
Attention is drawn again to the resistance of C. 
burnetii to heat and chemical disinfectants. Material 
from the above isolation attempts is potentially con- 
taminated with Coxiella and should be autoclaved at 
115°C for 20 min, and then incinerated. Formalde- 
hyde (2% v/v) should be used to disinfect permanent 
surfaces of benches, interior of safety hoods, etc. 


Isolation of C. burnetii in cell culture 


French workers (Raoult et al 1990) reported the 
direct isolation of C. burnetti in human embryo lung 
(HEL) fibroblasts held on cover-slips in 3.7 ml-vials 
(Sterilin) and the technique may be of value with 
strains of low animal virulence. The vials, with 
12mm round cover-slips, are seeded with | ml of 
Eagle minimal essential medium (EME) with 10% 
fetal calf serum (FCS) and 1% glutamine, containing 
50 000 cells and incubated in a CO, incubator for 
3 days to obtain a confluent monolayer. A volume 
of 0.5 ml of a specimen is mixed with 0,5 ml EME 
plus 1% glutamine and 10% FCS. Three vials are 
inoculated per sample and then centrifuged at 700 g 
for 1h at 22°C. The inoculum is then removed and 
the vial and cell sheet washed twice for 5 min with 
PBS. EME/glutamine/FCS medium, 1.0 ml, is then 
added and the vials are incubated in CO, at 37°C. 
On day 6 the medium is removed and the cell sheet 
is washed three times with PBS. The cover-slip 1s 
stained by IF in the vial, after fixation with | ml dry 
methanol for 10 min. A polyclonal rabbit antiserum 
(100 yl) (containing antibody to both phase I and II 
antigens), conjugated with FITC and diluted | in 
200 (three IF antibody doses), is added and the mix- 
tures are incubated for 30 min in a moist chamber 
at 37°C, then washed three times with PBS. The 
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cover-slip is mounted in glycerol—saline and examined 
under the fluorescence microscope. Infected cells are 


seen as bright foci, which may be homogeneous or 


particulate, sometimes with extracellular collections 
of individual cells of Coxiella. 


Serological responses in Q fever 


In acute Q fever, in IF assays, antibody in the IgM 
class to phase II, and to a lesser extent to phase I C. 


_ burnetn antigens, appears 7—10 days after onset at a 


tume when the CF reaction is still negative (IgM 
antibody combines with C. burnesti phase I antigen 
but presumably is not distorted to allow exposure 
of the complement binding site). The early IgM 
response is followed by a rise in antibody in the IgG 
class — which does fix complement — around 14-20 
days after onset. Later still, ‘antibody in the IgA class 
to phase II antigen appears in about 50% of patients 
and reaches a peak at 20-30 days after onset. In a 
proportion (c. 10%) of acute Q fever cases the IgM- 
to-IgG switch does not take place, or is much de- 
layed. Such patients may be negative in the CF test 
but can be diagnosed by IF antibody assays. In some 
patients the IgM response is much prolonged (>2 
years), although in most it declines within 6 months. 
This variability must be borne in mind when applying 
the convention that the presence of IgM is evidence 
of a recent infection when only a single convalescent 
serum is being tested. Very rarely, IgG antibody to 
phase I or II antigen may be present at onset of an 
illness which clinically resembles Q fever, and is 
followed by a brief rise and fall of IgM antibody. We 
interpret this as a clinical and immune response 
to exposure to a large number of Q fever organisms 
(antigen) in a person already sensitized by a previous 
infection. 

In Q fever endocarditis and chronic hepatitis there 
are high titres of IgG and IgA antibody to phase I and 
phase II antigens, but-in our experience little or no 
IgM antibody, unle$s the endocarditis has followed 
on directly from an acute attack of Q fever. Patients 
with Q fever endocarditis form large amounts of 
rheumatoid factor (RF). Careful and repeated ab- 
sorptions (see above) may be required to avoid the 
musidentification of RF complexed with IgG Q fever 
antibody as IgM antibody. Critical examination to 
identify or exclude the presence of IgM antibody in 
endocarditis patients may even require dissociation 
of RF-IgG complexes by centrifugation on an acid— 
sucrose gradient and precipitation of the IgG with 
highly specific potent anti-IgG sera (Worswick & 
Marmion 1985). 

Serological investigations of patients with the 
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post-Q fever debility or fatigue syndrome have not 
so far shown any distinctive antibody patterns, only 
residual levels of antibody from the preceding 
infection. 


Detection and biotyping of strains of 
C. burnetii by PCR 


Recent observations by Mallavia and co-workers 
(reviewed in Mallavia et al 1991) have shown that 
although strains of C. burnetii have only minor dif- 
ferences in their protein and LPS antigens, and so 
have been regarded as essentially a single antigenic 
species, there are differences in the RFLP patterns 
of the genomes of strains from various infections and 
locations and there are differences in the plasmids 
which they carry. There are three plasmids, QpH1 
(36 kbp), QpRS (39 kbp) and QpDg (56 kbp). Plas- 
mid QpH1 is found in prototype strains such as 
Nine Mile and Henzerling, which are known to cause 
acute Q fever. QpRS is present in strains isolated 
from endocarditis patients and also in the strain 
Priscilla isolated from aborted material from a goat 
(the latter is used as a laboratory representative of 
‘endocarditis’ strains). It has been concluded from 
these observations that there are two different bio- 
types, viz. those, like Nine Mile, causing acute Q 
fever and those, like Priscilla, causing chronic dis- 
ease. Given that many cases of endocarditis have a 
preceding acute attack, this distinction may not be 
valid and recent work in France (Stein & Raoult 
1993) has failed to support the contention. The 
QpDg plasmid was shown in strains of C. burnerii iso- 
lated from rodents in the Dugway Weapons Proving 
Ground in Utah. They appear to be avirulent for 
guinea-pigs and are of unknown pathogenicity for 
man. A fourth group of strains, typified by strain 
Corazon, does not appear to have an episomal 
plasmid, but sequences from QpRS are integrated 
in the genome. 

There is considerable sequence homology between 
plasmids QpH1 and QpRS but the extra 3 kbp of 
coding information in the latter provides unique 
sequences. Biotyping of C. burneti strains is therefore 
possible by designing primers and a probe for PCR 
amplification of a sequence common to QpH1 and 
QpRS and a sequence in the 3 kbp of extra infor- 
mation in QpRS., Alternatively, a sequence in the 
genomic superoxide dismutase gene may be chosen 
as one for general detection (Stein & Raoult 1993), 

The following primers and probes can be used 
for distinguishing plasmid sequences in ‘acute’ and 
‘chronic’ strains of Coxiella burnetii; amplification and 
identification of product is as described in Chapter 10. 
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A. In QpH1, EcoRI H fragment for both strains 
(L Maliavia, personal communication). 

Primer 1: 5’ - ATC ACT GAG GGT GAC GGC 
ACT GCC A - 3’ 

Primer 2: 5’ - C CAA CTC TAG CAC GAC TGC 
CAG CCA - 3’ 

PCR product: 598 bp 

(The sequence of the EcoRI H fragment is protected 
by patent. Integrated Diagnostics, Baltimore, MD 
21227, should be consulted about commercial use 
of the sequence and about kits for detection and 
speciation of C. burnetii plasmids.) 


B. In QpRS, for ‘chronic’ strains (after Minnick 
et al 1990). 

For specific sequence in QpRS (CbbE’ gene 
sequence within 626-818) 

Primer 1:-5’ — GCC TGG CGC TCT CTC AGC 
GAG C-3’ 

(forward primer) | 

Primer 2: 5’ - TCT GCA CGG GAA ACA GCA 
C -3’ 

(reverse primer) 

PCR product: 193 bp 

‘Hairpin’ probe. 5° - GGA CGG AAC GCT TAT 
CGG GC T5-Ay-((PJA)2:-3" 


As emphasised in Chapter 10, sequences should be 
checked against the original publication and/or in 
Genbank before primer synthesis and use. 


Laboratory diagnosis of typhus and 
spotted fevers 


In general terms epidemic and murine typhus rickett- 
sias, and spotted fever rickettsias, are isolated in male 
guinea-pigs using the same approach as described 
above for C. burnetii. Febrile animals are killed for 
passage materials, and others are allowed to survive 
(perhaps with the help of tetracycline) to demon- 
strate serological conversion. Rickettsias may be 
demonstrated in impression smears of the tunica 
vaginalis by Gimenez or Giemsa staining or by IF 


with conjugates against the various rickettsial species _ 


suspected to be present. The isolate may then be 
passed from liver, spleen or tunica suspensions to 
chick embryo yolk sac or cell culture as described for 
C. burnetii. This procedure is hazardous except in a 
reference laboratory. 

Adult white mice are used for the isolation of 
R. tsutsugamushi, R. australis and R. akan. Smears 
of peritoneal exudate are stained for rickettsias and 
surviving animals challenged with known strains to 
see if they are resistant as a (laborious) method of 
identification. 
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Rickettsias of these groups grow well in cell culture 
and can be detected by IF as described for C. burnetn. 
The presence of multiple antigenic types in &. 
tsutsugamushi may complicate the final identification 
of an isolate in cell culture. 

Once again, given the dangers of propagating these 
rickettsias in the laboratory, most emphasis has to 
be placed on serodiagnosis with batteries of antigens - 
and the CF and IF techniques. Detection of an 
early IgM antibody response is in fact quicker than 
isolating and identifying the causative rickettsia in 
animals, eggs or cell culture. The advantages and 
limitations of the techniques are discussed by Walker 
& Peacock (1988) and in Lennette & Schmidt 
(1979). ) 

Rapid detection methods by PCR amplification 
of sequences in the genome of the typhus, spotted 
fever and tick-borne groups is possible as several 
genes have been sequenced (Aniskovich et al 1995, 
Sugita et al 1993, Sexton et al 1994). It should be 
appreciated that culture of the typhus and Q fever 
rickettsias in cells may be more sensitive than PCR- 
based techniques. Detection of antigen by Ag-EIA 
might also be feasible after a short period of amplifi- 
cation of the organisms in cell culture as with viruses 


(see Ch. 39). 


Laboratory diagnosis of Rochalimaea 
infections | 


Earlier investigations of biopsy samples from sus- 
pected cases of cat scratch fever, or ones designed 
to distinguish bacillary angiomatosis from Kaposi's 
sarcoma, detected the organisms by silver staining 
(Wharthin-Starry technique), or thin-section electron 
microscopy. Small pleomorphic bacilli were seen in 
the endothelial cells and macrophages in lymph node 
tissue and also from cat scratch fever. Now that the 
association of Rochalimaea with these conditions 1s 
established, these insensitive cytological or histologi- 
cal approaches can be supplemented by IF staining 
of sections, by culture and gene sequence detection, 
and by serological testing of the patient. 

In principle, the techniques used to isolate organ- 
isms in this group are those devised by Vinson 
(1966). The organisms grow slowly on rabbit or 
sheep blood agar at 35°C in 5% (v/v) CO, in air. 
Blood culture is performed by the lysis centrifugation 
method (Welch et al 1992) or by direct inoculation 
on to blood agar plates. Incubation for several weeks 
may be required before small agar-adherent colonies 
are detected. French workers (Maurin et al 1994) 
used blood samples collected into sterile heparinized 
vacutainer tubes (Becton Dickinson) and direct 
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plating of 0.1 ml of blood onto Columbia blood agar; 
again, prolonged incubation (45 days) was required. 

The following notes are based on techniques kindly 
supplied by Drs J Olson-and R L Regnery, Division 
of Viral and Rickettsial Diseases, Zoonoses Branch, 
Centers for Disease Control and Prevention, Atlanta 
GA, USA. 

Primary isolation of Rochalimaea is attempted on 
rabbit blood agar plates with heart infusion agar or 
on sheep blood tryptic soy agar (BBL). Plates are 
incubated at 35°C in plastic bags (not sealed, but 
to reduce desiccation during the long incubation 
period), held in an incubator with CO, (5-10% in 
air). The traditional candle jar may also be used. 
Whole unclotted blood from immunocompromised 
patients, or lymphoid tissue from patients with cat 
scratch fever, have yielded the rickettsia on blood 
agar. Incubation has to continue for at least 1 month; 
colonies are not seen before 9 days. Given the cell- 
associated growth of the organisms i vivo, co-culti- 
vation of patient specimens with cells in culture, e.g. 
Vero cells, might offer advantages. Infection could be 
detected by subculture on blood agar, examination 
of smears by IF, or by molecular methods. 

Colonies on agar may be identified by Gimenez 
staining (small red bacilli c, 1-2 um in length and 
0.5 um in width) or by IF with specific antisera to 
R. quintana, R. henselae or R. elizabethae made by 
immunization of mice with prototype strains. 

The isolates are biochemically inert, although 
when tested in brain heart infusion broth supple- 
mented with 10% haemin they digest gelatin, hydro- 
lyse hippurate and aesculin, and oxidize ribose. The 
use of other substrates is not helpful. Analysis of 
fatty acid composition by gas liquid chromatography 
is however of value (Welch et al 1992), 

Further classification and speciation depends on 
comparison of protein profiles on SDS-PAGE gels, 
or determination of RFLP on PCR-amplified product 
from sequences in the citrate synthase gene, or PCR 
amplification of sequences in the 16S rRNA gene 
with ‘universal’ primers, followed by sequencing the 
amplicon, or determination of its RFLP. These ap- 
proaches are well illustrated by Maurin et al (1994). 
These procedures are pertinent for identification of 
new species but are not (presumably) a requirement 
for routine identification of isolates from AIDS or 
other immunocompromised patients where IF with 
specific mouse sera might suffice. Nevertheless, direct 
detection methods based on PCR amplification of 
16S rRNA gene sequences may ultimately be of value 
in routine diagnosis with such a slow-growing organism. 

In view of the length of time required to grow the 
organism and the expense of PCR-based techniques, 
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it is probable that many laboratories will choose in- 
stead to test patient’s sera for antibodyto Rochalimaea 
antigens as a diagnostic measure, This can be done 
effectively by the micro-immunofluorescence tech= 
nique already outlined for Q fever and typhus. 

Strains of Rochalimaea henselae (Houston-] isolate) 
and R. guintana (OK-90-—268 isolate) are grown in 
E6 Vero cells with medium for about 4 days. Cultures 
are checked between 3 and 5 days and harvested 
when the ratio between organisms and cells is such as 
to permit clear distinction of individual IF-stained 
organisms, ‘The object of growing them on cells, rather 
than in brain-heart infusion broth with 10% (w/v) 
haemin, is that the organisms adhere to the cells and 
do not grow in clumps as they do in cell-free medium, 
In addition, the cellular background can be counter- 
stained to facilitate location of negative cell-antigen 
preparations under the fluorescence microscope. 

The cells and antigens are removed from the cul- 
tures with glass beads into a small volume of medium 
with 5% (v/v) bovine serum and inactivated by gamma 
irradiation (500 000 rads) while frozen. Inactivation 
is checked by plating on blood agar with 2 weeks 
incubation in 10% CO, at 35°C. The inactivated 
antigen may be dispensed in 100 pl lots and lyophilized. 

Lyophilized antigen is reconstituted by adding 
100 tl distilled water and is then drawn up in a 
capillary tube and spotted on to the wells in a Teflon- 
coated slide as described for Q fever IF serotesting 
and in Chapter 44. Only small drops should be 
placed in the wells; Jarger ones do not give optimal 
results. The reconstituted antigen — which should 
be sufficient for 30-40 12-well slides — may be stored 
in the vapour phase of a liquid-nitrogen refrigerator, 
After the preparations on the microscope slides have 
dried at air temperature, they are fixed in dehydrated 
acetone for 15 min. 

The subsequent steps in the IF test are the same 
as described for Q fever and typhus serotesting. A 
positive titre of = 64 together with a disease com- 
patible with Rochalimaea infection is considered 
significant. Many patients have much higher titres, 
e.g. > 1028. Significant cross-reactions are observed 
between R. quintana and R. henselae, and antibodies 
to either or both antigens may be present in bacillary 
angiomatosis or cat scratch fever. For this reason. 
serotests are reported as ‘Rochahmaea-positive’ if 
antibodies to one or other antigen are present at a 
titre of => 64. 


Laboratory diagnosis of Ehrlichia 
infections 


Ehrlichia morulae in the cytoplasm of mononuclear 
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cells during the febrile phase. of animal ehrlichiosis 
are a well recognized marker of infection and may be 
observed in human infection. For example, Dunn et 
al (1992) found morulae in CSF monocytes stained 
with Wright’s stain: Giemsa stain may also be used. 

Similar structures may be seen in blood monocytes 
or granulocytes (depending on the infecting organ- 
ism) and greater specificity can be given by IF stain- 
ing with specific antisera including species-specific 
monoclonal antibodies (Yu et al 1993). It remains 
an insensitive method, and negative results are not 
conclusive. 

We are much indebted to Jacqueline E. Dawson 
(Division of Viral and Rickettsial Diseases, CDC, 
Atlanta) for discussions of the diagnosis of ehrlichiosis. 
Culture of the Ehrlichia as a method of diagnosis 
has its limitations. FE. chaffeensis was originally iso- 
lated from the separated leucocytes of a febrile 
patient by layering them on to a cell sheet of the 
DH82 cell line, a macrophage-like cell derived from 
a canine histiocytoma. However, the organisms were 
not detected by IF until day 35 of incubation and 
many other specimens were negative (Dawson et al 
1991). 

It is possible to detect E. chaffeensis by first ampli- 
fying its 16S rRNA gene sequences with ‘universal’ 
primers and then amplifying specific sequences 
within the product by ‘nested’ PCR and finally 
sequencing the amplicons. Dawson et al (1991) make 
the point that laboratory contamination with prod- 
ucts from ‘universal’ primers is particularly unfor- 
tunate (see also Ch. 10). Anderson et al (1991) and 
Everett et al (1994) describe the demonstration of 
E. chaffeensis in the blood of febrile patients using 
detection of 16S rRNA gene sequences and were 
able to give a diagnosis within 24—48h with this 
approach. 

In laboratories unable or unwilling to make the re- 
source commitment to PCR technology, diagnostic 
approaches to these infections have to rest heavily 
on démonstration of an antibody response, namely, 
a four-fold or greater increase in antibody titre meas- 
ured by IF on a substrate of cells infected with E. 
canis or E. chaffeensis, in the absence of antibody 
increases to typhus and spotted fever rickettsias and 
C. burnetii. 

Dawson et al (1990) describe the detection and 
kinetics of development of antibody in human patients 
infected with E. chaffeensis, using as antigen a con- 
tinuous macrophage cell line (DH 82) chronically in- 
fected with E. canis. The micro-immunofluorescence 
assay for Q fever, typhus and Rochalimaea antibody 
is used with wells in Teflon-coated slides into which 
is dispensed E. canis-infected cells prepared ‘in house’. 
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Alternatively, ready-prepared E. canis slides for IF 
may be obtained from Fuller Laboratories and E. 
chaffeensis from MRL Diagnostics (see Appendix to 
this chapter). A matter of some interest and concern 
with the serodiagnostic approach to ehrlichiosis 1s 
the high rate of reactions with other rickettsias — C. 
burnetii, R. rickettsti, R. typhi. Thus, of 85 patients 
considered to have ehrlichiosis, some 36% had 
heterotypic antibodies. Whether this represents 
double infection or antigenic cross-reactions is not 
clear. It is known that ticks are often infected with 
more than one rickettsia. 


APPENDIX: DIAGNOSTIC RICKETTSIAL - 
ANTIGENS AND ANTISERA 


Rickettsial antigens for diagnostic purposes are in 
limited supply the world over. CSL Ltd, Melbourne, 
Victoria, Australia, sells Q fever phase I and IJ 
antigens for the CF and IF tests. Virion Institute 
(Ruschikon, Switzerland) and Behringwerke (Ger- 
many) sell Q fever antigen (Ch. 9). Veterinaria AG, 
Gruben Str. 40, Zurich, Switzerland, produces Q 
fever antigen for the capillary agglutination test. 
The Standards Laboratory, Central Public Health 
Laboratories (Colindale Avenue, London), produces 
phase I and phase Il Q fever CF antigens which 
are also satisfactory for micro-immunofluorescence 
tests, but distribution is limited. 


Integrated Diagnostics Inc. (1901 Sulphur Spring 
Road, Baltimore, MD 21 227, USA) markets an 
EIA for measurement of antibody to phase I and I 
antigen and also IF kits with microdots on slides or 
‘dip sticks’. BioMérieux Laboratories (69280 Marcy- 
Etoile, France) produce a kit for the IF detection of 
Q fever antibody with inactivated C. burner phase 
II infected cells as substrate. Panbio Laboratories 
(Brisbane, Queensland, Australia) supply an EIA kit 
which measures IgG and IgM antibody to phase I 
and I antigens. ) 


The Center for Infectious Diseases, Centers for 
Disease Control (CDC), Atlanta, GA 30 333, USA, 
distributes kits for diagnosis by micro-immunofluo- 
rescence of spotted fever group and typhus group 
disease. The kits contain antigen, and positive and 
negative human sera as controls. Antigens for use in 
CB, -microagglutination and micro-immunofluores- 
cence tests for diagnosis of epidemic typhus, murine 
typhus, spotted fever, boutonneuse fever and Q 
fever are available in limited amounts through WHO 


Collaborating Centers for Rickettsial Reference and 
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Research, including the Department of Microbiol- 
ogy, University of Maryland School of Medicine, 
660 W. Redwood St, Baltimore, MD 21201, USA; 
the Institute of Virology, Slovak Academy-of Sciences, 
80 939, Bratislava 9, Slovakia; and the Gamaleya 
Research Institute of Epidemiology and Microbiology, 
Moscow, Russia. We know of no commercial source 
of CF antigens for scrub typhus diagnosis. IF antigen 
for scrub typhus and other rickettsias may become 
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The class Mollicutes contains three orders and four 
families with, in total, six genera, viz. Mycoplasma, 
Ureaplasma, Acholeplasma, Sptroplasma, Anaeroplasma 
and Asteroplasma (taxonomy reviewed by Freundt & 
Edward 1979, Taylor-Robinson 1992, Stephens 
et al 1985). The commensal flora and significant 
pathogens for man are mostly members of the 
Mycoplasmataceae, with occasional contributions 
from the Acholeplasmataceae. The spiroplasmas 
infect insects and cause economically important 
diseases in plants. Currently they are not known to 
cause disease in man but this assessment may be 
altered by newer methods of detecting these helical 
and motile organisms, some of which, although 
largely uncultivable in cell-free media, are able to 
grow in insect cell culture (Hackett & Lynn 1985) 
and can now be identified by sequencing of 16S 
rRNA genes. Spiroplasma mirum is pathogenic for 
suckling mice (cataract), rats, hamsters and rabbits, 
so infection of mammals is possible (Tully et al 1977). 
While many mycoplasmas are facultative anaerobes 
the Anaeroplasma are strict anaerobes found in the 
rumen of cattle and sheep (Robinson 1979). 

At the time of first description, the organisms now 
classified in the Mycoplasmatacaeae and Achole- 
plasmataceae were given the general title of pleuro- 
pneumonia-like organisms (PPLO), because of 
similarities to Mycoplasma mycoides (subsp mycoides), 
the causative organism of bovine pleuropneumonia. 
Somewhat later, following proposals of Nowak, 
‘mycoplasma’ was adopted as a general descriptive 
name and remains a useful shorthand description 
which will be used in this chapter. Other authors use 
the trivial name ‘mollicutes’ (soft skins: a reference 
to the lack of a cell wall) in a similar fashion. 

Mycoplasmas are small prokaryotic cells without 
a rigid cell wall or any of the characteristic cell wall 


components (e.g. peptidoglycans, teichoic acid, LPS) 
found in larger prokaryotic cells such as bacteria, 
They are similar to the latter in that most grow in 
cell-free media although many are highly exacting in 
their growth requirements, grow slowly, and have a 
poor plating efficiency. Until recently most myco- 
plasmologists defined a mycoplasma as exhibiting, 
sine qua non, the capacity to produce small agar- 
embedded colonies with, sometimes after adaptation 
to the medium, a halo of growth on the surface of the 
medium — the so-called ‘fried egg colony’. However, 
it is now clear that there are organisms with many 
of the properties of mycoplasmas that have defied 
attempts at growth in cell-free medium: the so-called 
Mycoplasma-like organisms (MLO). One such is the 
grey jung ‘virus’ of mice (Goodburn & Marmion 
1962) which has recently been shown by PCR am- 
plification of 16S rRNA genes and sequencing of the 
product to be closely related to, but not completely 
identical with, cultivable mycoplasmas (Neimark et 
al 1994). This approach, as with studies of 16S rRNA 
gene sequences in difficult-to-cultivate rickettsias 
(Ch. 35), offers great promise for the identification 
and speciation of other MLO. 

The mycoplasma genome is a single circular 
double-stranded DNA molecule in an unbounded 
nucleus. Recent studies (reviewed by Bove 1993) 
with pulsed-field electrophoresis characterization of 
genomes via separation of restriction enzyme frag- 
ments has shown a continuum of genome sizes ranging 
from 577 kbp (M. genitalium) to 1360-1580 kbp for 
Acholeplasma spp, with Ureaplasma spp in mid range 
(760-1140). There is overlap between species and 
so genome size is no longer a definitive taxonomic 
criterion. Similarly, G+C content (mol %) extends 
from 24 to 39% with M. pneumoniae at the top of the 
range. 

The mycoplasma cell also has dense arrays of 
bacterial-type ribosomes: 70S, with rRNA compo- 
nents of 5S, 16S and 23S. The celi is bounded by a 
trilaminar cytoplasmic membrane, 7.5-10 nm wide. 
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Although there is no cell wall beyond the membrane 
some species have capsular material demonstrable 
by osmium—ruthenium red staining. Unlike the cell 
membrane of bacteria, that of the mycoplasmas con- 
tains cholesterol] or caroteno! in addition to the usual 
neutral and phospholipids. The mycoplasmas and 
ureaplasmas cannot synthesize their own cholesterol! 
and require tt as a growth factor in the culture 
medium. Acholeplasma spp synthesize caroteno! as 
a substitute for cholesterol, but will incorporate the 
latter if it is in the medium. The absence of a rigid 
cell wall is reflected in branched and other unusual 
morphological forms of the mycoplasma cell. Cells 
of some species have a coccobacillary morphology 
with spherical cells of 0.3-0.85 um diameter; others 
are filamentous; some others are flask-shaped and 
have specialized processes for attachment to host 
cells that are probably also involved in gliding mo- 
tion, In line with absence of a cell wall, the organisms 
are noc inhibited by antibiotics of the penicillin 
family, bacitracin or polymyxin B. In general, they 
are sensitive tin vivo to tetracycline, erythromycin, 
streptomycin, kanamycin, chloramphenicol, tylosin 
and to other antibiotics that act at the ribosomal 
level; they are also sensitive to arsenical compounds 
and sodium aurothiomalate. 

The ureaplasmas were previously known as T 


mycoplasmas; T for “my colony — a reference to the | 


size difference (15~30 jim versus 200-500 jum) of 
their colonies compared with those of the myco- 
plasmas and acholeplasmas. As the name implies, 
they have the ability to split urea to ammonia, unlike 
the mycoplasmas. Except for the ureaplasmas and 
Mycoplasma genitalium, mycoplasmas are more re- 
sistant to the inhibitory-action of thallium salts than 
are bacteria, a difference exploited in selective media. 

Despite some colonial similarities, mycoplasmas 
are quite distinct from L-phase variants of bacteria 
and do not revert to bacteria when cultured in media 
free of inhibitors of bacterial cell wall synthesis or 


other L-phase inducers. Several investigations of | 


postulated L-phase-bacterial relationships (e.g. Strep- 
tococcus MG and M. pneumoniae) have failed to show 
the same G+C ratio or sequence homology between 
the genomes of the pairs of organisms (McGee et al 
1967, see also Hijmans et al 1969 for a discussion 
of the properties of, and terminology for, L-phase/ 
L-form variants of bacteria and also that of 
spheroplasts and protoplasts). 

Mycoplasma cells stain poorly by the Gram method 
but are Gram-negative. Consequently, various spe- 
cial staining techniques are used, e.g. overnight 
Giemsa, Dienes’ stain, cresyl-fast violet, orcein or 
fluorochroming with nucleic acid stains such as 
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acridine orange or the dye called Hoechst 33258. 
The cells in fluid culture may also be visualized by 
dark-ground or phase-contrast methods in the light 
microscope, or in the electron microscope by 
riegative-contrast staining or in thin section of pelleted 
material. Some species have surface projections 
which resemble those of myxoviruses. The irregular 
shape in negative-contrast preparations may make 
for difficulty in differentiation from inanimate ‘small 
round particles’ present in broth or shed from mam- 
malian cells in culture (Wolanski & Maramorosch 
1970). Examination of thin sections is more reliable 
as it permits recognition of the cell nuclear region, 
ribosome arrays and the trilaminar cytoplasmic 
membrane. 

Mycoplasmas are grown in soft agar medium with 
a high concentration (10-20% v/v) of serum or other 
protein media such as ascitic fluid. The function of 
the serum or other protein media is to provide a 
source of cholesterol, fatty acids, or urea in the case 
of the ureaplasmas, and to regulate their availability 
to the organisms. Yeast extract, nucleic acid mixtures, 
tissue extracts, coenzymes, components of culture 
media for mammalian cells or other supplements 
may also be required according to species. Some 
mycoplasma species are aerobes or facultative 
anaerobes; many grow better in hydrogen or nitrogen 
with 10% (v/v) CO. Most grow at 35°C, although 
acholeplasmas will grow at 22°C. Initially the myco- 
plasma cells multiply within the agar to form a ball- 
shaped colony that eventually grows up to the surface 
of the agar and spreads along it, giving a halo of 
delicate growth. When viewed from above such a 
colony presents a ‘fried egg’ appearance with an 
agar-embedded centre (13th edn, vol 1, Plate 52.2). 
Not all mycoplasmas give a surface halo, e.g. M. 
pneumomiae, particularly on first isolation, may have 
only an agar-embedded centre, Suboptimal medium 
or crowding of colonies also restricts halo formation. 
Colony size varies from 200-500 ttm for the ‘large 
colony’ mycoplasmas to 15—30,1m for the urea- 
plasmas; larger colonies of the latter with ‘fried egg’ 
morphology may be obtained with specially buffered 
media which permits a longer period of growth before 
inactivation by the alkalinity of the ammonia pro- 
duced by metabolism of the urea. Mycoplasmas 
also grow in broth, in semi-solid agar or diphasic 
broth-agar culture, with serum and other supple- 
ments. Many species grow readily on sheets of 
human or animal cells in culture where they adhere 


to the cell surface, form colonies, and are also found. 


in the fluid phase of the cultures. A few species (e.g. 
M. penetrans) grow inside cells. If cultures of mam- 
malian cells free of contaminant mycoplasmas are 
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available, they can be used to grow mycoplasmas 
such as M. pneumoniae from clinical specimens, pro- 
ducing a positive result in less time than is possible 
with cell-free media (Marmion et al 1993). Isolation 
of mycoplasmas in laboratory animals does not play 
an important part in laboratory diagnosis as most 
are highly host specific. Nevertheless, M. pneumoniae 
was first cultivated in hamsters and cotton rats and 
then in chick embryos (Eaton et al 1944). 

‘The human mycoplasma flora comprises some 16 
species (reviewed Tully 1993) but some are present 
infrequently. Regular members are M. buccale, M. 
faucium, M. fermentans, M. genitalium, M. hominis, 
M. orale, M. penetrans, M. pneumoniae, M. salivarium 
and two biovars of ureaplasma -— Ureaplasma 
urealyticum (serovars 2, 4, 5, 7, 8, 9, 10, L1, 12, 13) 
and Ureaplasma parvum sp. nov. (serovars 1, 3, 6, 14) 
(Robertson 1994). Infrequent isolates from human 
sources include M. ltpophilum (Del Guidice & Carski 
1968), M. primatum, primarily a simian mycoplasma 
but originally designated the ‘Navel’ strain, the 
anaecrobe M. spermatophilium from human sperm and 
cervix, M. pirum from human cell lines and some 
AIDS patients but of uncertain ultimate origin, and 
the saprophytes, Acholeplasma laidlawi and A. oculi 
(details in Tully 1993 and Table 36.1). 

Of the mycoplasmas isolated from man, M. 
pneumoniae is the predominant pathogen; M. hominis, 
M. fermentans, M. genitalium, M. penetrans, U. 
urealyticum and U. parvum have a variable impor- 
tance. M. genitalium and M. penetrans are recent 
additions to the pathogenic human mycoplamas 
(reviewed by Cassell et al 1994a and below). The 
remaining members of the flora appear to be sapro- 
phytic except in compromised hosts, e.g. M. 
salivarium and arthritis in hypogammaglobulinaemia 
(So et al 1983). 

Details of the metabolic activities and pathways 
of mycoplasmas are given by Pollack (1979), Pollack 
et al (1981, 1986) and Pollack (1986) and of the 
molecular biology by Stanbridge & Reft (1979) and 
Bove (1993). From the viewpoint of the microbio- 
logical diagnostic laboratory, mycoplasmas may be 
divided on the basis of metabolic activity into those 
which obtain energy by the fermentation of glucose 
or other mono- or disaccharides, those which split 
arginine, and those, the ureaplasmas, which split 
urea, A few mycoplasmas both ferment ghucose and 
split arginine. Glucose is degraded by the glycolytic 
pathway to lactic, pyruvic and acetic acids, etc., pro- 
viding the basis for biochemical tests utilizing pH 
change. In most mycoplasmas the final respiratory 
pathway is flavin-based without cytochromes or cata- 
lase so that peroxide is not broken down and remains 


available to produce $-haemolysis around colonies. 
Arginine is degraded via citrulline to ammonia, the 
intermediate, carbamoyl phosphate, yielding ATP, 
CO, and ammonia. Mechanisms for production of 
ATP or other high-energy bonds from the splitting 
of urea to ammonia remain unclear. 

General information on the cell biology of myco- 
plasmas and accounts of clinical aspects of infection 
with mycoplasmas may be found in The Mycoplasmas 
(Barile et al 1979, Razin & Tully 1995). The 
proceedings of the symposium on ‘The changing 
role of mycoplasmas in respiratory disease and 
AIDS’ (Symposium 1993) also contain much new 
information. 
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CLINICAL ASSOCIATIONS OF | 
MYCOPLASMAS WITH HUMAN DISEASE 


M. pneumoniae commonly causes pharyngitis, sinusi- 
tis, febrile bronchitis or pneumonia, accompanied 
in a proportion of patients by formation of cold 
haemagglutinins, Szreptococcus MG agglutinins, bio- 
logical false-positive Wassermann Reaction (WR), 
or anti-tissue antibodies. In recent years extra- 
pulmonary manifestations such as arthritis, hepatitis 
and central nervous system involvement (meningo- 
encephalitis, cerebellar ataxia, transverse myelitis, 
Csuillain-Barré syndrome) have been reported. The 
detection of M. pneumoniae by PCR amplification 
of gene sequences with specific primers in CSF or 
blood has greatly clarified the identification and 
pathogenesis of CNS involvement (Koskiniemi 
1993, Zagami et al 1994). A proportion of patients 
with erythema multiforme, erythema nodosum or 
the Stevens—Johnson syndrome may show evidence 
of infection (Cherry 1993). Early volunteer experi- 
ments suggested that myringitis might be a manifes- 
tation of M. pneumoniae infection, but although otitis 
media and myringitis have been observed in natural 
infection, involvement of the ear is not common 
(Clyde 1979). Unusual clinical presentations of M. 
pneumoniae infection are described by Fleming et al 
(1967), Hodges et al (1972) and Smith & Sangster 
(1972) and are further referenced in Tully (1993). 
Some references to mmmunopathological and hetero- 
genetic serological reactions with M. pneumoniae 
and their effects are: Marmion et al (1967), Plackett 
et al (1969), Biberfeld (1970, 1971), Clyde (1971) 
and Costea et al (1972). 


M. fermentans. The ecology of M. fermenians and its 
pathogenic significance for man have been difficult 
to assess in the past in the absence of efficient culture 
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techniques; only recently has the situation been 
improved by the availability of detection via PCR 
gene amplification. The original isolates (G strains) 
were made in the 1950s from fusospirochaetal in- 
fection of the penis and vulva but the significance 
of the organism for genital infection in general was 
unclear. In the late 1960s isolations were made from 
leukaemia patients (Murphy et al 1970). Interest 
was revived by the isolation of M. fermentans, strain 
incognitis, from AIDS patients and its demonstration 
in fulminant infection in non-immunocompromised 
patients (Lo et al 1993). The three patients studied 
presented with adult respiratory distress syndrome 
and multiple organ failure. Changes in the lung 
varied from extensive necrosis with little inflamma- 
tory exudate to focal areas of inflammation with 
lymphocytes and macrophages. M. fermentans was 
demonstrated in the hung by immunohistochemical 
staining, and particles resembling mycoplasmas were 
seen at the edges of the lesions. As these cases were 
referred to the Armed Forces Institute of Pathology 
in Washington from a wide area of the USA it was 
possible that they were very rare or atypical events. 
However R. Dular of Ottawa Canada (cited in Lo 
et al 1993) had, in a period of 9 months, some 30 
cases with similar presentations and mortality. M. 
fermentans was isolated from 150 clinical specimens 
from these cases. 

A point of some clinical importance is that M. 
fermentans, incognitis strain, is resistant to erythro- 
mycin commonly used to treat M. pneumomiae infec- 
tions, although it is susceptible to tetracycline. 
Cassell et al (1994b) investigated 129 children with 
community-acquired pneumonia and found M. 
fermentans in 21 (16%); mean age 6 years. In 14 of 
the positives no other pathogen was implicated. 

M. fermentans has also been isolated from the urine 
and respiratory tract of 16-20% of patients infected 
with HIV but less frequently from seronegative con- 
trols. Reports on the presence of antibody to the 
mycoplasma in the sera of AIDS patients are con- 
flicting. Tully et al (1993), using a metabolic inhi- 
bition assay for antibody, found little difference in 
distribution of titres between HIV-negative and HIV- 
positive AIDS subjects although, in contrast, anti- 
body to M. genitalium was much commoner in the 
latter. On the other hand, Horowitz et al (1994) 
found that 28% of HIV-positive patients developed 
antibody to M. fermentans and that seroconversion 
was sometimes related in time to the development 
of AIDS. Clear evidence that M. fermentans is related 
to urethritis or cervicitis is still wanting although 
the organism has been detected in the amniotic fluid 
(Blanchard et al 1993). 
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M. genitalium. Taylor-Robinson et al (1981) and 
Tully et al (1981) observed that dark-ground micro- 
scopy of fresh urethral exudates from patients with 
non-gonococca!l urethritis (NGU) revealed motile 
spiral forms. On the supposition that they might 
be spiroplasmas, they cultured the specimens in SP4 
medium (Tully et al 1977); two strains of M. genitalhum 
— but not a spiroplasma — were isolated. Although 
experiments with marmosets suggested that the 
mycoplasma could be a urogenital pathogen (Taylor- 
Robinson et al 1982, Taylor-Robinson 1990), its 
role in human urethritis remains equivocal. It can be 
demonstrated in c. 20% of men with NGU and in the 
lower genital tract of c. 20% of women coming to an 
STD clinic (Taylor-Robinson et al 1993). ‘The myco- 
plasma has also been found in the respiratory tract, 
sometimes along with M. pneumoniae (Baseman et al 
1988). 


M. penetrans. This newly-identified mycoplasma 
was isolated by Lo et al (1991) from the urogenital 
tract of HIV-positive homosexual men. Its cell has an 
unusual tip or blunt probe structure and penetrates 
mammalian cells in culture (hence ‘penetrans’), as 
well as epithelial cells im the urinary tract. A high 
proportion of HIV-positive homosexual men have 
antibody to the mycoplasma and infection appears 
to act as a cofactor for the development of Kaposi’s 
sarcoma, perhaps through an indirect mechanism 
involving aberrant cytokine generation (Lo et al 
1994). 


Ureaplasma urealyticum and Ureaplasma parvum. 
Shepard (1967) showed an association of U. urealyticum 
with nongonococcal (NGU), or postgonococcal 
urethritis or cervicitis. The pathogenetic significance 
of these associations and others related to disease 
in pregnancy and neonates has proved difficult to 
assess. The lower urinary and genital tracts of both 
sexes are commonly (60-80%) colonized by urea- 
plasmas or M. hominis (and perhaps M. genitalium 
and M. penetrans at lower frequencies). In a number 
of studies, ureaplasmas have been isolated more 
frequently from patients with NGU, vaginitis or cer- 
vicitis than from controls of variable comparability. 
NGU has been reproduced in a small number of 
human volunteers by the instillation of a culture of 
U. urealyticum into the human urcthra (Taylor- 
Robinson et al 1977) and into that of chimpanzees 
(Taylor-Robinson et al 1978). Nevertheless, Chlamy- 
dia trachomatis appears to be responsible for 30-50% 
of NGU, and cervicitis (see Ch. 37). The interactions 
from the concurrent presence of chlamydias, myco- 
plasmas and bacteria in some patients cloud the issue 
of causation. A prime example is bacterial vaginosis, 
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in which a wide variety of anaerobic and facultative 
aerobic bacteria are present along with U. urealyticum 
and M. hominis. However, the presence of M. hominis 
appears to be the risk factor for late miscarriage and 
prematurity (Hay et al 1994). 

Treatment of NGU with antibiotics with differing 
actions on chlamydias and mycoplasmas has indi- 
cated that a proportion of the non-chlamydial cases 
are due to ureaplasmas (Bowie et al 1976, Coufalik 
et al 1979). Account has also to be taken of the fact 
that there are numerous serotypes of U. urealyricum 
and U. parvum and that some may be more patho- 
genic than others; also the numbers of organisms 
present may be significant (cf. Escherichia coli and 
urinary tract infection). Ureaplasmas have also been 
associated with male and female infertility but the 
evidence remains weak. The evidence associating 
ureaplasmas with low birth weight.and prematurity 
is reviewed by Eschenbach (1993) and is conflicting. 
On the other hand stronger evidence indicates that 
ureaplasmas are an important cause of chorio- 
amnionitis, prematurity, postpartum endometritis 
and infection of wounds and soft tissue. Ureaplasmas 
also have a causative role in chronic lung disease of 
the premature infant, and in pneumonia, broncho- 
pulmonary dysplasia, and systemic infections in the 
newborn. They are the commonest organism isolated 
from the CNS or lower respiratory tract of sick, 
premature or newborn infants. It is surmised that 
the susceptibility of the premature infant may be 
related to the inadequate transfer of immune IgG 
across the placenta and a parallel is drawn with the 
involvement of ureaplasmas in infection of extragenital 
sites in immunocompromised, antibody-deficient 
subjects. 

In adults, apart from urethritis in males, urea- 
plasmas — as with other urease-producing organisms 
— may produce urinary stone. They may be associated 
with acute pyelonephritis, although M. hominis seems 
more important. 


M. hominis, although commonly present in the 
lower genital tract without causing disease, is some- 
times pathogenic and responsible for salpingitis, 
tubo-ovarian abscess, pelvic abscess, septic abortion, 
puerperal infection and postpartum fever (see also 
comment about bacterial vaginosis above). The 
organism may cause atypical pneumonia similar to 
that of M. pneumoniae. The ability of the organism to 
grow (suboptimally) on. blood agar has revealed its 
unexpected capacity to cause surgical wound sepsis, 
to colonize prosthetic heart valves, and to cause me- 
diastinitis, pleurisy and empyema. Purulent wound 
exudates with numerous neutrophils but no bacteria 
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in the Gram film or on conventional media should 
be cultured on optimal media for mycoplasmas. 

In practical terms, in the microbiological diag- 
nostic laboratory, it has to be concluded that- while 
the research investigations detailed above have been 
useful in establishing the role of ureaplasmas and 
other genital mycoplasmas in infections of the upper 
reproductive tract, the fetus and neonate, the mere 
isolation of the organism from clinical samples may 
be misleading or offer a low probability of accuracy 
for diagnosis and case management unless steps 
are taken to exclude the concomitant presence of 
chlamydias and bacteria which might be the actual 
pathogens. This is a position differing from the 
diagnosis of M. pneumoniae infection in respiratory 
disease in which multiple infection is less common 
(see below and numerous papers in “The changing 
role of mycoplasmas in respiratory disease and AIDS’ 
(Symposium 1993), and also reviews by Gnarpe & 
Friberg (1973), Taylor-Robinson & McCormack 
(1979), Taylor-Robinson et al (1981) and Cassell 
et al (1994a). 
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LABORATORY STRATEGIES FOR THE _ 
DIAGNOSIS OF MYCOPLASMA 
INFECTIONS 





M. pneumoniae infection of the 
respiratory tract and other systems 


Patients with bronchiolitis or pneumonia may harbour 
M. pneumoniae in the nasopharynx or respiratory 
secretions for substantial periods of time, even after 
antibiotic therapy and clinical recovery, so that iso- 
lation of the organism during a clinical episode while 
highly suggestive is not absolute proof of causation. 
Experience in Adelaide during recent prevalences 
of M. pneumoniae infection has shown that a sub- 
stantial proportion of patients presented: to the 
doctor 10-14 or more days from the onset of illness 
when demonstration of the organism by direct tests 
and by detection of a rising antibody titre may be less 
effective. At this stage, diagnosis may be made most 
easily, in recent primary infections, by assay of spe- 
cific IgM antibody* as part of enzyme immunoassay 
(EIA) for antibodies in the IgG, IgM and IgA 


immunoglobulin classes. Mostly, at this stage the 


complement fixation assay, which measures IgM and 
IgG antibody, will also be positive but the titre may 
have reached a plateau value and may not permit 





* Refer to Methods at the end of this chapter. de 
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the demonstration of the conventional ‘four-fold or 
greater rise in titre’ needed to distinguish a current 
infection from one in the past. Various workers have 
shown that subjects experiencing re-infection with 
M. pneumoniae may have a negative or a limited spe- 
cific IgM response but good responses in the IgA 
and IgG classes. As mycoplasma-specific IgA ttres 
increase pari passu with, or more rapidly than, IgM 
in the first 8-14 days after onset, there is a good case 
for the assay of all three classes of antibody by anti- 
body-capture EIA as the main thrust of serodiagnosis 
(reviewed by Jacobs 1993, Granstrom et al 1994). 
Serodiagnosis, as the most sensitive diagnostic 
method, may be complemented by demonstration of 
antigen (Kok et al 1988, Kleemola et al 1993) or spe- 
cific DNA (via PCR) or RNA_nucleotide sequences 
by probe hybridization of the mycoplasma in the 
respiratory exudate (Harris et al 1988, Williamson et 
al 1992), or, less rapidly, by culture of the organism 
from the latter on solid,* diphasic* or SP-4 media,* 


A 


Culture 

1 Liquid culture 
2 Agar 

3 Diphasic 

4 Cell sheet 


or in a mammalian cell-sheet system (Marmion et al 
1993). Figure 36.1 summarizes the range of assays 
available for laboratory diagnosis and these are re- 
viewed in greater detail by Harris et al (1995). (Note 
that the GenProbe rapid detection system kit for 
M. pneumoniae described by Harris et al (1988) is no 
longer available, although that for mycoplasma con- 
tamination of tissue culture is available and described 
below.) 

Methods for the direct detection of antigen and 
nucleic acid sequences and sources of kits are given 
under Methods at the end of this chapter. Recent 
studies (Kok et al 1988, Williamson et al 1992, 
Kleemola et al 1993) indicate that detection of 
antigen (Ag-EIJA) and nucleotide sequences by PCR 
are effective substitutes for culture of the organism. 
There remains, however, as with culture, a significant 
number of patients whose respiratory secretions are 
negative for antigen or specific nucleotide sequences 
but who have serological evidence of current infec- 









in- solution 
hybridization 


assay 
(Gen-Probe) 


Antigen assays 
1 Immunolfluorescence 
2 Antigen-ElA (Ag-capture) 


3 P1 specific EIA 
4 T cell response (raised 


IgM adenine deaminase) 
igG 
2 DNA assays 


Antibody assays 
1 CF 

2 IHA(t) 

3 IHA(M) 

4 IgM-ElA 

5 IgA-ElA 

6 IgE-EIA 


1 Dot blot hybridization 

2 PCR - with DNA detected by: 
(a) Agarose gel electrophoresis 
(b) Dot blot hybridization 
(c) Solid phase capture 
(d) Solid phase PCR 


Fig. 36.1 Surnmary of approaches to the laboratory diagnosis of M. pneumoniae 
infection. (Reproduced with permission from Harris et al, 1995, and Academic 


Press.) 
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tion. In our laboratory a combination of Ag-EIA and 
EIA-based serotesting is effective and economical. 


Collection of specimens -- -- - 
Throat and nose swabs are taken and the heads of 


the swabs broken off into 2 ml of a transport medium 


in a small vial; the standard mycoplasma fluid me- 
dium will do for this purpose or a mixture of basal 
broth, bovine serum albumin (1% v/v), gelatin (0.3% 
v/v) and penicillin (1000 units/ml) may be employed. 

Nasopharyngeal aspirates as collected for virus 
culture (Ch. 38) are a reasonable starting material 
for the detection of M. pneumoniae, particularly from 
children. Virus transport medium, ‘which contains 
gentamicin, must not be used to wash the aspirated 
mucus into the specimen trap; either the broth— 
albumin mixture described above or a modified virus 
transport medium containing cefotaxime (50 jig/ml) 
or ampicillin (200 g/ml) may be used. Fluid expelled 


from the swabs, or cells centrifuged from the naso- - 


pharyngeal aspirate, are inoculated in a volume of 
0.5-1.5 ml into a bottle of diphasic medium* con- 
taining glucose and methylene blue, and into a 
bottle of SP4 medium;* and one or two drops are 
plated directly on to the standard solid mycoplasma 
medium. Samples are also tested by Ag-EIA. 

Sputum appears to be the optimal specimen for 
direct detection or culture of the mycoplasma 
(Kleemola et al 1993). It is mixed with an equal vol- 
ume of mycoplasma broth and lightly homogenized 
(e.g. in a Nelson blender) and is then inoculated 
into diphasic medium and on to solid mycoplasma 
medium. Particularly viscous specimens may be 
liquefied by digestion with pancreatic dornase or 
‘sputolysin’. Isolation rates may be improved by 
inoculation of 10-15 ml volumes of sputum extract 
into diphasic or SP-4 medium* in small plastic cell 
culture flasks. Pleural fluid, aspirates from otitis 
media, cerebrospinal fluid and other miscellaneous 
specimens for M. pneumoniae are also inoculated into 
diphasic or SP-4 medium.* 

Tissue specimens from the lungs of fatal cases of 
atypical pneumonia, or from animals inoculated ex- 
perimentally, may require special treatment to offset 
the mycoplasmacidal effects of tissue enzymes re- 
leased on grinding the tissue (Kaklamanis ct al 1969), 
Diphasic or SP-4 medium* should be inoculated 
with several ten-fold dilutions of the tissue extract 
as well as with the undiluted material. 


Culture 


In general, plates and diphasic medium are incubated 
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at 35.5-36.0°C in a CO, incubator. The diphasic 
medium is inspected each day for acid production 
and subcultured on to a plate of solid medium ‘if 
this occurs. The primary plate seeded with the swab 
eluates or sputum is inspected at 3-5 day intervals 
and all media are held for up to 3 weeks before 
discard. At that stage, apparently negative plates may 
be flooded with a saline suspension of human or 
sheep erythrocytes to detect inconspicuous colonies 
by haemadsorption. Suspect colonies on the primary 
plate, or from the subcultures from diphasic medium, 
are subcultured and identified by the biochemical 
and serological tests. | 
Disadvantages of these standard methods for the 
culture of M. pneumoniae are low sensitivity and the 
time taken to obtain and identify a positive culture. 


As an additional] measure, nasopharyngeal aspirates" 


and other respiratory specimens may be inoculated 
into cycloheximide-inhibited sheets of HeLa 229 
cells free from contaminant mycoplasmas with myco- 
plasma broth containing thallium acetate as the fluid 
phase: After 4 days the cell sheets are either stained 
by immunofluorescence with absorbed polyclonal 
or a monoclonal antibody to M. pneumoniae, or the 
cells and fluid phase of the culture are tested in the 
Ag-EIA. Positive cell cultures are subcultured on to 
solid agar for colony identification (Kok et al 1988, 
Marmion et al 1993), 


Detection of specific nucleotide sequences of 
M. pneumoniae 


Several groups have shown that it is possible to detect 
M. pneumoniae in respiratory exudates or secretions 
by PCR amplification of a chosen sequence in its 
genome. Miny workers have chosen primers and 
probes for a sequence in the gene for the P1 attach- 
ment protein because of a postulated relation to the 
pathogenicity of the mycoplasma and the existence 
of multiple copies of the gene in the genome. Alter- 
natively, a conserved, specific sequence in the 16S 
tRNA has been chosen, Experiments with respiratory 
specimens artificially seeded with known numbers 
of the mycoplasma have shown that such systems are 
highly sensitive, detecting on average 10 cfu/ml of 
organisms. Observations with clinical samples reveal 
a somewhat different pattern. When the reference 
standard is a positive culture, PCR assay, as with 
detection by antigen capture, has no difficulty in 
identifying the positives and showing a high titre 
of organisms. However, when the comparison is with 
a positive serological result, PCR (and indeed other 
nucleic acid detection methods, such as the now 
withdrawn GenProbe test) fares less well. It is con- 
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jectured that the emerging immune response, or per- 
haps antibiotic treatment, breaches the membrane 
of the mycoplasma with a loss both of viability and 
of the nucleic acid target. The antigens of the 
mycoplasma remain and may be detected by antigen 
capture, giving a discrepancy between the two types 


of assay (Harris et al 1988, Williamson et al 1992). A 


further complication is that PCR sometimes detects 
small numbers of M. pneumoniae in the nasopharynx 
in the absence of serological evidence of current 
infection. It is surmised that this represents low level, 
prolonged carriage of the organism. This is in line 
with the observations of Foy (1993) who obtained 
positive throat cultures up to 4 months after illness 
and also drew attention to reports of symptomless 
catriage rates up to 10% during outbreaks, and to 
prolénged carriage in immunodeficient subjects. 


Detection of M. pneumoniae by 
immunoftuorescence and antigen-capture EIA 


The direct detection of the mycoplasma in sputa and 
other samples by immunofluorescence (IF) was first 
reported by Hers & Masurel (1967) and has recently 
been confirmed by Hirai et al (1991) who obtained 
positive results in 86% of seropositive patients. 
Antigen-capture EIA* is a Jess labour-intensive 
technique. Although it has a lower level of sensitivity 
of 10?--10* c.f.u./ml (100 times less than PCR) in 
practice it performs quite well as the concentration 
of mycoplasmas in the respiratory secretions during 
acute illness is mostly at or above this threshold level. 
It detects 100% of culture-positive patients and 40% 
of culture-negative, seropositive ones: overall] 59% 
of infections were identified within 18h (Kok et al 
1988). The assay is conveniently included with simi- 
lar Ag-EIA for virus infections. The greater sensitivity 
of the PCR is of value for special purposes, e.g. detec- 
tion of the mycoplasma in CSF in CNS disease or 
in the blood. 

Attention is drawn at this point to the shared 
antigenic determinants between the 170 kDa attach- 
ment P1 protein of M. pneumoniae and that (140 kDa) 
of M. genitalium, As both mycoplamas have been 
isolated from the respiratory tract of patients with 
pneumonia (Baseman et al 1988), there 1s the pos- 
sibility of misidentification of isolates in culture or 
misinterpretation of positive results from direct 
detection by IF or antigen-capture EIA. It is also 
possible that patients infected with M. genitahum 
might show an antibody response to M. pneumoniae. 
Baseman et al (1988) describe methods — single colony 
cloning and immunoblotting — which will distinguish 
between isolates of the two mycoplasmas. ‘Chey may 


also be distinguished in the PCR assay with specific 
primers and probes.* As far as we are aware, the 
antigenic cross-reaction has not led to false results 
in practice. M. genitalium cross-reacts at a low level 
in the M. pneumoniae Ag-EJA (Harris et al 1988), 
but investigation of respiratory samples which were 
Ag-EIA positive/M. pneumoniae PCR negative did not 
reveal that the discrepancy was due to M. genitalium 
(Williamson 1992, Marmion et al 1993). 


Serological tests 


The development of antibody to M. pneumoniae 
by infected subjects may be measured by a range of 
techniques of widely differing sensitivity, viz. com- 
plement fixation, metabolic inhibition, inhibition 
of tetrazolium reduction, immunofluorescence on 
sections of chick embryo lung, direct or antibody- 
capture EIA, or agglutination of - antigen-coated 
erythrocytes, latex or gelatin particles. 

In addition, about half of the patients infected 
with M. pneumoniae develop cold haemagglutinins to 
their own or group ‘O’ erythrocytes and a smaller 
proportion develops agglutinins to Streptococcus MG. 
These heterogenetic reactions probably depend on 
fortuitous similarities between glycolipid haptens in 
the mycoplasma membrane and carbohydrate de- 
terminants of the streptococcal cell (Marmion et al 
1967, Plackett et al 1969) or in the ‘T antigen of the 
erythrocyte (Costea et al 1972). As cold haemag- 
glutinins develop rapidly it may be of value to est- 
mate them as a bedside test, as well as subsequently 
testing for complement fixing or other antibody to 
M. pneumoniae. 

Complement-fixation tests for M. pneumoniae infection. 
Complement-fixing (CF) antigens may be obtained 
from commercial sources* and so their preparation 
will not be described in detail here (but see 12th edn, 
vol 2, Ch. 43). Whole cell or suspended lipid antigen 
is titrated in ‘chessboard’ fashion in the CF test 
against human and rabbit antisera to determine the 
optimum antigen concentration, i.e. that dilution 
giving the highest serum titre, for routine tests (see 
Ch. 9). The whole cell antigen and the lipid antigen 
when used with acute and convalescent sera from 
atypical pneumonia patients detect about the same 
proportion of the total M. pneumoniae infections. As 
the lipid antigen is free from anticomplementary 
activity it can be used at high unitage to detect the 
poor CF antibody responses that occur in a minority 
of patients. However, the chloroform—methanol ex- 
traction also uncovers cardiolipin-like phosphatides 
so that the antigen may react with WR-positive sera 
from individuals with syphilis or other conditions 
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that stimulate anticardiolipin antibodies (ACA), e.g. 
Q fever, HIV, autoimmune disease. Paradoxical or 
conflicting results should therefore be investigated 
by testing the sera for ACA, specific antitreponemal 
antibody, etc. There are discrepancies each way 
between the results of culture and CF tests (see e.g. 
Kenny et al 1990) and a more sensitive method is 
desirable. 

Metabolic inhibition (MI) test for measurement of 
antibody to M. pneumoniae. The technique is de- 
scribed in detail in the 12th edn (vol 2, Ch. 49), by 
Taylor-Robinson et al (1966) and Purcell et al 
(1969a,b). It is a very sensitive way of measuring 
antibody to M. pneumoniae but is labour-intensive 
and complicated by the fact that sera from patients 
may contain broad-spectrum antibiotics that will 
interfere with the assay. This can be circumvented 
to.some extent by using an erythromycin-resistant 
strain of M. pneumoniae (Niitu et al 1974). Because of 
the limitations of the CF and MI tests, we describe 
two methods of measuring immunoglobulin class- 
specific antibody, particularly IgM, which are useful 
adjuncts to the CF test. 

Detection of M. pneumoniae IgM and IgA antibodies. 
A useful marker of current or recent primary infec- 
tion is the IgM specific antibody. This can be tested 
by using enzyme immunoassay (Busolo et al 1983, 
Dussaix et al 1983) or radioimmunoassays (Hu et al 
1983, Price 1983) on microtitre plates coated with 
M. pneumoniae antigen. Alternatively, the EIA or 
the haemagglutination (HA) reaction with tanned 
erythrocytes coated with M. pneumoniae antigen can 
be modified as an ‘antigen capture’ assay for the 
measurement of specific IgM, IgA and IgG sub- 
classes of antibody. A direct enzyme immunoassay* 
and modified HA test* are described in Methods 
below. Specific IgM and IgA antibodies increase in 
titre more rapidly than CF antibody, and decline to 
low levels within a year after infection. Their detec- 
tion is particularly valuable when unchanging, inter- 
mediate levels of CF antibody (e.g. titres of 40-80) 
are observed in sera taken in the mid or Jate stages 
of the illness and when it is uncertain whether the 
antibody is related to current or past infection. 

Aggiutination of antigen-coated particles. Twocom- 
mercially available kits, Serofast latex agglutination 
test (International Mycoplasma) and Serodia Myco 
11 (gelatin) particle (Fujirebio) have been assessed 
against existing methods - e.g. CFT, IFA or EIA. 
Both appear to be Jess sensitive than standard methods. 


In summary, effective and economical approaches to 


the laboratory diagnosis of M. pneumoniae infection 
are (1) collection of acute and convalescent phase 
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sera and their examination by. antibody-capture EIA 
for antibody increases or high antibody titres in the 
IgM, IgG, and IgA classes; (2) examination of spu- 
tum, nasopharyngeal aspirates or, less optimally, 
throat swabs or throat washings by antigen capture 
for the antigen of the mycoplasma; and (3) examina- 
tion by PCR for specific gene sequences. The last 
is probably best reserved for tests of specimens such 
as CSF where great sensitivity is required or when 
there is a need to differentiate respiratory infection 
with M. pneumoniae from the antigenically-related 
M. genitalrum. 


Sopa a. eu aah eee Rae See ee TS 
MYCOPLASMA INFECTION OF THE 
GENITAL AND REPRODUCTIVE 

TRACTS, THE NEONATE AND EXTRA- 
GENITAL SITES 





Collection of specimens 


Clinical specimens for isolation of mycoplasmas or 
ureaplasmas from the genital and other tracts may 
include high vaginal or cervical swabs, urethral swabs 
or urine after massage of prostate and paraurethral 
glands, specimens of purulent aspirate from ‘non- 
bacterial’ salpingitis, tissue or swabs from placental 
membranes or fetus in cases of abortion or prema- 
turity, tracheal aspirate from neonatal pneumonia, 
or semen collected as part of an investigation of in- 
fertility. In addition, blood may be taken for culture 
in puerperal fever or from the neonate. 

Tests on these diverse samples must be planned 
keeping in mind that ureaplasmas, and to a lesser 
extent M. hominis, are frequently present in the lower 
male and female genital tract and that the external 
surface and upper respiratory tract of the neonate 
are likely to be contaminated during passage down 
the birth canal. ‘Thus, for example, in critical studies 
of the uriary tract, urine obtained by bladder tap is 
preferable to a mid-stream specimen. Again, when 
sampling a newborn with suspected mycoplasma 
pneumonia or chronic lung disease, bronchial lavage, 
lung puncture or pleural fluid is preferable to throat 
swabs or nasopharyngeal aspirates. If the sample has 
been taken from a site which is normally sterile (e.g. 
CSF, amniotic fluid, chorioamnion, blood), and if 
the ureaplasma or mycoplasma is present in pure 
culture, then an aetiological role can be assumed 
with some confidence. With samples from the lower 
genitourinary tract consideration should be given, 
particularly with the ureaplasmas, to culturing ten- 


_ fold dilutions of the specimen in an effort to distin- 


guish number (>10*-10°/ml) of organisms likely to 
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__ represent an active infection, from those of a chronic 


low-level carriage. The same considerations also 
apply when the mycoplasma is being detected by 
PCR gene amplification. This should be done with 
a quantitative method that relates the amount of 
product (amplicon) to the original target numbers 
(expressed as colony-forming or colour-changing 
units) of mycoplasmas in the specimen, again with the 
object of distinguishing active infection from chronic 
carriage. Other pathogens, such as chlamydiae, have 
to be excluded from contention. Ultimately, it may 
still be uncertain whether the isolate has a significant 
role but the information may be sufficient basis for 
a trial of antibiotic. For example, some workers con- 
sider that the isolation of a ureaplasma, even in low 
numbers, from a male with non-gonococcal, non- 
chlamydial urethritis may be an acceptable indication 
for antibiotic treatment — effectively a clinical trial to 
lend weight to the laboratory findings. Laboratory 
diagnosis is essentially limited to culture and PCR. 
The serological response to ureaplasma infection 
can be measured with a finely balanced metabolic 
inhibition test but is serotype-specific. There is no 
accepted EIA capture system for antigen or antibody 
at present. 

Similar considerations apply to the diagnosis of 
M. hominis infections, but a serological response can 
be measured by MI, CF or EIA as there 1s only one 
serotype. 


Specimens 


Swabs may be taken into Stuart’s transport me- 
dium or into mycoplasma broth (e.g. Shepard’s 10B 
Broth) without inhibitors such as thallium acetate or 
methylene blue. Ampicillin may be added to control 
bacterial overgrowth. Ten-fold dilutions of swab 
eluates are spread on plates of standard ureaplasma 
media,* or inoculated into diphasic medium without 
methylene blue and into liquid ureaplasma medium. 
Dilutions of urine are inoculated into ureaplasma 
medium and the sample is also centrifuged and the 
deposit inoculated on to plates and into fluid medium. 
Tissue and pus may be blended with mycoplasma 
broth, without inhibitors, and the supernatant fluid 
from a lightly centrifuged suspension inoculated into 
mycoplasma and ureaplasma media. Blood for cul- 
ture should be taken into diphasic medium without 
glucose or methylene blue in a fashion analogous 
to the Castaneda blood-culture bottle and also into 
ureaplasma broth; both types of media are sub- 
cultured at intervals on to the appropriate solid media. 
Semen should be lightly ‘vortexed’ with ureaplasma 
broth and titrated on solid and in liquid media. 


Incubation of all plates, both for M. homints and M. 
fermentans and for ureaplasmas, should be under 
microaerophilic or anaerobic conditions. Suspect 
colonies are subcultured and identified by colony 
size, key biochemical reactions* (see Table 36.1), 
serologically by growth inhibition,* IF on “hotwater 
transfer’ colonies,* or colonies transferred to cellu- 
lose membranes, or by immunoblot of characteristic 
proteins, cf. M. pneumoniae and M. genitalium.above. 

The existence of numerous serotypes of U. 
urealyticum and U. parvum complicates identification 
by serological methods. Increasing use will probably 
be made of PCR with genus-specific primers and 
probes or amplification of sequences in the 16S rRNA 
gene and sequencing of the product (see Ch. 10). 
With U. urealyticum, primers prepared against a 
nucleotide sequence in the urease gene of serotype 8 
react with all 14 reference strains of the ureaplasma 
and detect c. 10 colony-forming units (Blanchard et 
al 1993). This assay will clearly be of value for both 
detection and identification of the ureaplasmas. 


NOTES ON METHODS, REAGENTS, 
PROTOCOLS AND KITS 


Media 


The formulae and methods of preparation of solid, 
semi-solid and liquid media for ‘large colony’ myco- 
plasmas and ureaplasmas are described in detail at 
the end of this chapter. Attention to the following 
points 1s important. 


Serum 


There is sometimes a difference in growth-promoting 
properties between sera from different horses and it is 
advisable to test bleed a series of animals and obtain 
a large volume of serum from those that are satisfac- 
tory and to store it at —-20°C or below. Alternatively, 
tested or agamma serum may be available from com- 
mercial sources. Serum is used without heat inactiva- 
tion. Pooled human serum is sometimes used instead 
of horse serum but may contain antibody to myco- 
plasmas. Some human mycoplasmas will grow on 
swine serum but the growth of M. pneumomiae 1s 
significantly less than on horse serum. The growth- 
promoting properties of serum from various animal 
species is related to their cholesterol content. Thus, 
when it is desired to grow strains of mycoplasma 
for immunization of rabbits, and to avoid the use 
of a heterologous serum in the medium, it 1s neces- 
sary to add cholesterol to the rabbit serum in the 


601 


30 PRACTICAL MEDICAL MICROBIOLOGY 


medium (Taylor-Robinson et al 1966, Purcell et al 
1969b). 


Yeast extract 


The source and method of preparation of yeast 
xiracts is important. Not all commercially prepared 
extracts will support the growth of M. pneumoniae; 
that described below* involves low-temperature 
extraction. The pH of the extract and of the final 
medium should be adjusted to pH 7.0. (Note that 
the pH of the final medium for ureaplasmas is 6.0.) 


Growth factors 


Much effort has been expended in the search for 
growth-promoting or inhibitor-neutralizing factors, 
e.g. nucleic acids, coenzymes, extracts of boiled 
erythrocytes, bovine tung or staphylococci. These 
substances may be of use in attempts to isolate exact- 
ing mycoplasmas and are described by Klieneberger- 
Nobel (1962), Lemcke (1965) and Rylance et al 
(1979). Complex tissue culture media (Jensen et al 
1965, Quinlan et al 1972) with yeast extract and lipid 
may be valuable as substitutes for serum-containing 
medium in antigen preparation, or for increasing 
uptake of isotope-labelled precursors from the me- 
dium. The ingredients of tissue culture media have 
also proved to be valuable supplements to standard 
mycoplasma media for the growth of M. genitalium 
and M. pneumoniae, e.g. SP-4 medium* (see also 
Tully et al 1977, 1979, 1981). 


Other requirements 


Mycoplasmas are inhibited by some metal ions, so 
it is important to use analytical grade chemicals and 
double-distilled or ion-exchanged water in media 
preparation. Variation in batches of agar may make 
it necessary to vary concentration by trial and error; 
for optimal growth, mycoplasmas must have a soft 
agar. The diphasic and solid media described below* 
are adequate for members of the human flora except 
for M. genitahum and M. penetrans, but may not be 
Satisfactory for some avian or animal mycoplasmas. 
Formulae and supplements for some of the latter 
are described by Lemcke (1965). The semi-solid and 
diphasic versions of the standard medium are valu- 
able in providing a soft, yet supporting framework 
for mycoplasma growth. 

The growth of glycolytic species, such as M. 
pneumoniae, in broth may be enhanced by addition 
of glucose and by shaking or rolling the container. 
Diphasic medium may be made selective for MM. 
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pneumomae by incorporation of 0.001% methylene 
blue. This inhibits other members of the human 
flora; if glucose and a pH indicator are also added, 
the medium may be monitored for the growth of M. 
pneumoniae by the change of pH to acid. Subculture 
on to solid medium must then be done to verify the 
presence of the mycoplasma. 


Ureaplasma media 


Solid and fluid media for ureaplasmas described in 
Methods* are based on media developed by Shepard, 


and alternative formulae are given by Shepard 


(1969). The media contain serum (a source of urea), 
yeast extract and added urea. Growth in both solid 
and liquid medium is rapid and is conveniently moni- 
tored by the change of colour of the indicator to 
alkaline as the result of formation of ammonia -from 
the urea. The alkaline shift is accompanied by a loss 
of viability of the organism; media with HEPES 
buffer may be used to counteract this and improve 
growth and colony size (Manchee & Taylor-Robinson 
1969), 


Culture 


Mycoplasma medium is expensive and it is eco- 
nomical to hold it in small plastic disposable: Petri 
dishes, 50 x 13 mm, e.g. from Sterilin, Falcon, etc, A 
vent may be cut in the edge of the dish with a hot wire 
to allow gaseous exchange. These dishes have good 
optical properties and the colonies at the surface of 
the medium should be visualized without opening 
the dish by placing it, lid down, on the stage of a 
microscope without stage clamps and equipped 
with x10 and x4 objectives and x10 oculars. This 
combination of lenses is optimal for the range (20- 
500 jum) of sizes of mycoplasma colonies. The larger 
ones may, of course, be visualized with a plate micro- 
scope. Examination without opening the plate is 
important because incubation has frequently to con- 
tinue for 2 to 3 weeks and contamination, particularly 
with moulds, may be a problem. Plates may be labelled 
with white adhesive tape and an indelible pen (e.g. 
laundry marker). The small size of the plates and 
the moist atmosphere in which they are held makes 
labelling with ordinary ball-point or felt-tip pens 
or grease pencils precarious. While the plates are 
being examined it is advisable to hold them upon a 
tray lined with filter paper soaked in 70% (v/v) etha- 
noi or methylated spirit and also to wipe the micro- 
scope stage with the spirit from time to time to reduce 
the load of contaminants on the outside of the 
plates. Mould may grow over the edge of the lid, into 
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the water of condensation on the inside of the lid, 
and finally on to the medium itself. 

Plates are incubated aerobically in plastic boxes or 
in glass jars with sealed lids (fruit-preserving jars) 
with a roll of cotton-wool soaked in water to maintain 
humidity. It is important to clean and to autoclave 
these containers regularly so as to prevent a build- 
up of fungal contaminants. Anaerobic incubation is 
effected in an anaerobic jar with GasPak (BBL), or 
microaerophilic incubation by flushing the jar with 
90% nitrogen and 10% CO, mixture. 


Subculture 


The technique of subculturing strains of myco- 
plasmas differs from the standard ‘picking’ method 
with bacteria because of the embedded nature of the 
colony. Small blocks of agar medium, bearing one or 
more colonies, are cut from the medium and placed 
colony-side down on fresh medium. A small stainless 
steel spatula, or scalpel with detachable blades, may 
be used for this purpose and is held in boiling water 
and burned-off with spirit between transfers. The 
block is moved an inch or so across the plate so 
that mycoplasma cells will rub off on to the new 
medium, When mycoplasmas are first established 
on solid media of a different composition to that on 
which they have been carried, it may be found that 
growth occurs mainly or only under the block. Peri- 
odic movement of the block around the surface of the 
medium during the incubation period may establish 
growth. 


Cloning 


The colonial morphology of various species of myco- 
plasmas is often not distinctive and cross-contamina- 
tion of strains and colonies made up of sectors of 
different mycoplasmas is a hazard. For this reason it 
is important to clone stock strains and isolates by 
serial subculture from one colony. The culture is 
grown in broth, filtered (220 nm APD), and two or 
three ten-fold serial dilutions prepared from it and 
plated on solid media to give a plate with well dis- 
persed colonies. A small block with one colony 1s 
aspirated with a wide-bore Pasteur pipette. The 
colony-bearing block is expelled into semi-solid agar, 
incubated and then subcultured on to solid media. 
This procedure may be repeated several times to 
ensure that the strain is pure. 


Storage and shipment of mycoplasmas 


Lyophilized cultures may be recovered by inoculating 
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the material from the ampoule in ‘stab’ fashion into 
the centre of a small bottle of serni-solid medium 
and later subculturing on to solid media. The initial 
incubation in semi-solid agar may help to adapt small 
numbers of organisms to the new medium. Stock 
strains or isolates may be preserved by lyophilization, 
or by placing small amounts of a heavy culture in 
semi-solid agar medium at ~70°C. Strains may be 
transmitted by mail in sealed plates or, more con- 
veniently, as an agar block with colonies in semi-solid 
agar in a small glass or plastic bottle, or as lyophilized 
cultures. 


identification of isolates 


‘Mycoplasma colonies are differentiated from small 


bacterial colonies and ‘pseudocolonies’ by staining 
methods. They are distinguished from unstable L- 
phase variants by cultivation on the standard medium 
without penicillin and thallium acetate to allow the 
latter to revert to bacteria. Mycoplasmas are further 
identified by biochemical reactions, by certain bio- 
logical reactions such as haemolysin production 
and haemadsorption and, above all, with the large 
colony mycoplasmas, by serological differentiation 
into species. Although serological identification is the 
primary method for the clinical laboratory, speciation 


_of initial or novel isolates can be achieved by a variety 


of other techniques. The most powerful of these 
is PCR amplification of fragments of the 16S rRNA 
gene and sequencing of the products and comparison 
with known sequences in GenBank (see Ch. 10). 

Some workers have used electrophoretic analysis 
of mycoplasma and L-phase variant extracts on 
polyacrylamide gels; this gives excellent species 
differentiation and facilitates identification of L- 
phase variants with bacterial parents (Theodore et al 
1971). 

In practical terms in the general microbiological 
laboratory, colony size provides a primary differen- 
tiation between mycoplasmas and the smaller urea- 
plasmas, The former are identified by biochemical, 
biological and serological means (see Table 36.1). 
The Jatter are identified by their ability to split urea, 
their inhibition by erythromycin and their resistance 
to lincomycin; they are also inhibited by 5-10do- 
2'deoxyuridine and hydroxyurea (Shepard i969). 
As stated, serological identification of ureaplasmas is 
complicated by the existence of numerous antigenic 
subtypes (Lin et al 1972). Simple typing by growth 
inhibition, which is of such value with the myco- 
plasmas (Clyde 1964), is possible and has been used 
by various workers (see Black 1973, Cracea et al 
1982). — ns 
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Stains for mycoplasmas 


The most generally used stain is that of Dienes* 
(Dienes 1939, Madoff 1959). Other useful stains are 
Giemsa* and cresyl-fast violet* (Shepard 1967). The 
tormer gives a purple-violet staining of both large and 
small colony mycoplasmas with some definition of 
the cellular structure of the colony. The latter stains 
both large and small colonies a red-purple colour. 
Mycoplasmas may also be detected by fluorochromes 
for nucleic acid, such as Hoechst 33258 for DNA 
(see section on the detection of mycoplasmas in cell 
culture below). 


Distinction of mycoplasma colonies and 
artefacts (pseudocolonies) 


Although well developéd mycoplasma colonies are 
distinctive enough there may be difficulty in differen- 
tiating young or poorly growing colonies from the 
artefacts known as ‘pseudocolonies’ (Brown et al 
1940), or from the nuclei of tissue cells from cell cul- 
tures or clinical specimens. Pseudocolonies are pre- 
cipitates arising from the high concentration of serum 
in mycoplasma media. Although they are not cellular 
entities, they may appear to subculture, e.g. when 
a block containing them is pushed over the surface 
of uninoculated medium, because fresh collections of 
‘colontes’ appear in the inoculated area, apparently as 
a result of stress changes in the medium surface or the 
provision of foci on which precipitates can increase. 
The agar-embedded centre of a mycoplasma colony 
is slightly granular and extends through several focal 
planes whereas a pseudocolony may have a central 
knob but is a superficial structure found only in the 
focal plane of the medium surface. Mycoplasma colo- 
nies and pseudocolonies differ in their staining reac- 
tions with cresyl-fast violet, Dienes’ stain or Giemsa, 
which reveal the collections of mycoplasma cells 
making up the colony. In addition, pseudocolonies 
are not, of course, inhibited by broad-spectrum anti- 
biotics, antisera, UV or X irradiation, and do not 
incorporate thymidine or uridine into their structure. 


Biochemical and biological tests 


Fermentation of carbohydrates 


A 1% (w/v) concentration of the carbohydrate under 
test is incorporated into an agar slope, or in a semi- 
solid or fluid preparation of the standard medium 
together with phenol red (0.002% w/v). The range of 
sugars fermented is limited and is not of great differ- 
ential importance. For most purposes it is sufficient 
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to test for acid production from glucose. If other 
Sugars are used it is important to remember that a 
maltase and a diastase in unheated horse serum may 
lead to false-positive reactions. Fermentation may 
be weak and small changes of pH may be more 
accurately detected with a microelectrode than by 
colour change of the indicator; if semi-solid or fluid 
media are used, growth should be confirmed in 
negative tubes by subculture. Lemcke (1965) may be 
consulted for details of other biochemica] tests. 


Tests for other enzyme pathways 


Media and tests for arginine deaminase,* urease* 
and reduction of tetrazolium®* are described under 
Methods below. 


Haemolysis and haemadsorption 


Isolates of mycoplasmas are inoculated onto standard 
medium to give well dispersed colonies and incu- 
bated until colonies are well grown (5-8 days). The 
plate is then overlaid with a thin layer of saline-agar 
containing 1% (v/v) sheep or guinea-pig erythrocytes 
and reincubated aerobically overnight. 

M. pneumoniae produces a complete clearing, 
resembling [}-haemolysis, of guinea-pig erythrocytes, 
but test conditions are critical. Other mycoplasmas 
may produce.a greenish clearing of the overlay. 
Haemolysis depends on production. of hydrogen 
peroxide; a simple test for this is described by Lind 
(1970). 

Haemadsorption may be tested by flooding the 
culture plate, or a block excised from it, with a 1% 
(v/v) suspension of sheep erythrocytes in saline and 
leaving them in contact for 30 min. The erythrocyte 
suspension is then aspirated and the colonies gently 
washed with saline and then inspected under the 
microscope. Positive colonies are seen to be plastered 
with erythrocytes. Spermatozoa and tissue culture 
cells may also adsorb to colonies (Taylor-Robinson 
& Manchee 1967a,b); the spectrum of activity is not 
precisely the same as that of haemadsorption but 
in each instance pretreatment of the colonies with 
antiserum to the mycoplasma inhibits the reaction. 


Serological identification of 
mycoplasmas 


Serological methods are the most important means 


of identifying and classifying mycoplasmas. Almost 
all the known serological techniques, e.g. agglutination, 
complement fixation, diffusion, inhibition of haem- 


adsorption; indirect haemagglutination, immunofluo- 
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rescence, metabolic inhibition, complement-mediated 
mycoplasmacidal antibody, radioimmunoassay, have 
been used either to classify strains or to measure 
antibody in sera from convalescent patients or hyper- 
immunized animals (see Purcell et al 1969a,b). Some 
of these techniques recognize intratypic differences 
and are more relevant for a reference centre than 
for the genera! laboratory. Details are given of two 
simple methods — growth inhibition on agar and 
immunofluorescence on colonies transferred to glass 
slides — that will allow identification of most myco- 
plasma isolates in a general laboratory. 


Growth inhibition on agar 


The method follows those developed by Huijsmans- 
Evers & Ruys (1956) and Clyde (1964). After cloning 
the isolate, seed a mycoplasma broth with a small 
(5-10 mm’) block containing colonies and incubate 
for 3-7 days depending on the strain. Dry plates of 
standard mycoplasma medium at 37°C and seed by 
placing a small quantity of the broth on the plate and 
distributing it evenly with a spreader. Place filter 
paper discs containing mycoplasma antisera on the 
seeded plates. The antisera are prepared by hyper- 
immunization of animals with representative strains 
of each of the human mycoplasma species. Up to 
four discs may be placed on each plate; one disc 
should contain no serum. The discs may be prepared 
by soaking sterile filter paper discs, 5 mm diameter, 
and either holding them frozen at —20°C or drying 
them and storing at 4°C. Alternatively, a single multi- 
armed set of discs may be used, with a different 
serum on each arm (Stanbridge & Hayflick 1967). 
Suitable antisera have to be prepared in the labora- 
tory by immunization of rabbits as, unfortunately, 
commercial sources of mycoplasma antisera have 
declined sharply in recent years, Small quantities 
of reference antisera may be available for calibration 
of locally produced antisera from Dr J. G. Tully, 
Mycoplasma Section, Laboratory of Molecular 
Biology, NIAIC, Building 550, Frederick Cancer 
Research Facility, Frederick, MD 21701, USA. The 
plates are incubated, aerobically or anaerobically, 
depending on the nature of the isolate, and inspected 
macroscopically and microscopically for a zone of 
inhibition of growth around the discs (illustrated in 
13th edn, vol 1, Plate 52.4). The method is highly 
specific and shows little of the cross-reactions between 
species that are revealed by more sensitive methods 
such as complement-fixation. It may be necessary to 
seed a smaller dose of organisms if there is evidence 
of partial inhibition around the discs with ‘break- 
through’ of colonies. 


Identification of mycoplasmas (not ureaplasmas) 
by immunofluorescence on slides 


Colonies are transferred to microscope slides by 
placing a 5-10 mm” block with well dispersed colo- 
nies face down on an area marked out by a diamond 
pencil. The slides should have been chernically 
cleaned (e.g. by chromic acid) and held in ethanol 
before use. The slide and agar block is lowered into 
a beaker of water at 85°C. It helps to have a simple 
platform and handle made of light metal to support 
the slide during this operation. Once in the water, the 
block turns opaque and finally melts over the surface 
of the slide. At this point a quick swirling motion will 
dislodge the agar and leave the mycoplasma colonies 
heat-fixed to the slide. The slide is then removed 
from the beaker, rinsed briefly in another beaker 
of water at 85°C to free the preparation of the last 
traces of agar, then-dried and inspected under the low 
power of the microscope to confirm that colonies 
have, in fact, been transferred. 

The mycoplasma antisera, usually made in rabbit, 
goat or horse, and appropriate fluorescein-conjugated 
antiglobulin, are absorbed with a mixture of packed, 
washed yeast cells and horse liver powder. This 1s 
done to cut down possible heterologous reactions 
between the antisera, the conjugate and residual 
traces of medium components (yeast extract or horse 
serum) on the slide. Absorbents and sera are mixed 
in a ratio of c. 0.5 g to 2 ml of serum and held for 1 h 
at room temperature with periodic shaking, then 
centrifuged and the supernatant fluid passed through 
a syringe membrane filter to remove fine particles. 

The conjugate and mycoplasma antisera have first 
to be titrated on known strains to determine the 
dilution for use in the test with unknown colonies. 
Mycoplasma antisera may be used at a concentration 
of 10-20 antibody units. A conjugate will usually 
have a titration end-point of 20-40 on antibody- 
coated colonies and may be used at a dilution of one 
in 5-10. Concentrations stronger than 5 are liable 
to give non-specific staining. 

In the first stage of staining the unknown colonies, 
a drop of diluted, absorbed antiserum is spread over 
the colony-bearing area of the slide with a toothpick 
or bacteriological loop so as to ensure even disper- 
sion. The slide is placed in a closed humid chamber 
for 30 min at 37°C. Next the slide is washed by plac- 
ing it in a container of phosphate-buffered saline 
pH 7.0 with a magnetic stirrer for 30 min at room 
temperature. The excess buffer ts then drained from 
the slide and it is carefully mopped dry with a cellu- 
lose wipe without touching the area bearing the 
colonies. A drop of conjugate is then spread over 
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the colony area and the slide returned to the moist, 
chamber for 30min at 37°C. The slide is then 
washed again with fresh buffer and quickly rinsed 
with distilled water, mopped dry, and the colony area 
covered with mounting fluid (e.g. buffer pH 8.5 one 
part, analytical grade glycerol nine parts; or one of 
the permanent fluorescence-free mountants) and a 
cover-slip; its edges may be sealed with colourless 
nail varnish. The preparation is viewed in the fluores- 
cence microscope with a dark-ground condenser 
or incident optics. Colonies with attached antibody 
show a bright green speckled fluorescence; negative 
colonies autofluoresce blue or silver-grey depending 
on the wavelength of the exciting light (13th edn, 
vol 1, Plate 7). Controls should include preparations 
with buffer as the ‘middle layer’ rather than anti- 
serum and also some with buffer instead of conju- 
gate. There should also be a control preparation of 
a known strain of mycoplasma and its homologous 
antiserum to check that the diluted absorbed conjugate 
is still active. | 

In general, this method gives clear-cut differen- 
tiation between mycoplasma species when care is 
taken to use the antisera at a standard unitage. It is 
also possible to detect mixtures of mycoplasmas by 
looking for stained and unstained colonies or parts 
of colonies with the same preparation, Antibody in 
human (or animal) convalescent phase sera may be 
titrated on colonies but both this method and growth 
inhibition are of low sensitivity compared with anti- 
body measurement by metabolic inhibition, indirect 
haemagglutination, or radioimmunoassay. Del Guidice 
et al (1967) have developed a method for fluoro- 
staining of colonies directly on agar and detection 
with the incident illuminator of the microscope. 


DETECTION OF MYCOPLASMAS IN 
CELL CULTURE 

ee 
The frequency with which various species of myco- 
plasma are found in cell cultures varies from country 
to country and reflects local practice in handling 
cells, local commercial arrangements for supply of 
cells, or private exchange of cultures (see reviews by 
Hayflick 1965, MacPherson 1968, Stanbridge 1971), 
Although initially mycoplasmas may have been intro- 
duced into cell cultures from the nasopharynx of 
handlers, or particularly from medium components 
such as bovine or swine serum, trypsin, chick embryo 
extract and the like, the prevalence of a single, or 
limited number of species in many different cell lines 
indicates that cross-infection between cultures is an 
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important, and too often unrecognized, mode of 
infection. Species reported include M. arginim, M. 
hominis, M. hyorhinis, M. orale, A. laidlawii and from 
time to time, M. fermentans, M. galhsepticum, M. 
pulmonis, A. granularum and M. salivarium. 

Mycoplasmas in cell cultures may be detected by 
light or phase contrast microscopy of cell sheets 
stained by Giemsa or orcein (Fogh & Fogh 1964), or 
fluorochromed with acridine orange (Ebke & Kuwert 
1972) or Hoechst 33258 dye (Hilwig & Gropp 1972). 
Cell sheets may also be examined by immunofluores- 
cence with single or pooled antisera to the myco- 
plasma species likely to be found as cell culture 
contaminants. Mycoplasmas may be visualized in the 
electron microscope in thin sections of cell sheets of, 
much less reliably, in negative contrast preparations 
of cell lysates (Wolanski & Maramorosch 1970). 

It has been clear for some time that while culture 
and microscopic methods will detect heavily con- 
taminated cell cultures these methods are often too 
insensitive when the objective of testing and treat- 
ment Is to rid the cell line or strain of all mycoplasmas. 
Many ingenious methods have been devised in 
partially successful attempts to do this and are de- 
scribed in detail in Chapter 45 of the 13th edition of 
this book. These have now been replaced by more 
sensitive methods based on nucleic acid (NA) probes 
for genus-specific ribosomal RNA sequences or 
PCR amplification of common sequences in the 16S 
rRNA genes. Formulae for primers and probes for 
sequences in the 16S rRNA are given in Tables 36.2 
and 36.3. 

A kit marketed by GenProbe (GenProbe Myco- 
plasma TC Rapid Detection System) uses a probe to 
the common genus-specific sequences of ribosomal 
RNA and will detect a variety of mycoplasmas, 
acholeplasmas and spiroplasmas in the short time 
of 2 h. It also reacts at low level with bacterial 
rRNA. An Ag-EJA marketed by Boehringer (Myco- 
plasma Detection Kit) has capture antibodies for 
M. arginini, M. hyorhinis, A. laidlawii and M. orale 
and will detect 10°—10’ c.f.u./ml. Two simple methods 
— fluorochroming with Hoechst 33258, and culture — 
are. described along with GenProbe, and a PCR 
method used in our laboratory. 


Fluorochrome detection of mycoplasmas (after 
Hessling et al 1980) 


The cells are grown on cover-slips at 37°C in air with 
5% CO,. At 2 and 4 days after seeding, cover-slips 
are selected upon which the cells are approximately 
80-90% confluent. Without removing the medium, 
2 ml of Carnoy’s fixative (3 parts 100% methanol, 
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a | Table 96.2 “PR ae hers. aod p prot Mar dit ets iis Be ae and un a hs sae lasmag es mot Hon tore oe sad Gh Baie ee oe ie Ka Be - 
| Organism _. Name _ Target . Location of Belenince _Notes 
7 | | | 4 ‘oligonucleo- : | 
tides 
M. fermentans Primer-AW-005. GGTTATTCGATT TCT 206 bpofinsertion 1116-1139. Wang &Lo Ultrasensitive 
ae a AAATCG CCT sequence-(IS)-like is (1993) when amplified 
Primer RW-004 - GGACTATTG TCT AAA element : 1321-1298. _ target detected 
in, Bi. gt GAA TEPC. 3 7 am: B, by probing 
Probe RW-006° GCT GTG GCC:ATT crc ct Mae Fen | “ 
wy TTC TAC GTT 3 , . 7 
_M. genitalium MgePaprimer1 GGT GGC TCC TCC AAA 121 bp of Pagene 2614-2637 | Williamson — Pa gene 
Sa et CCA ACC ACG. - {P1 adhesin ) et al (1992) sequence 
Mge.Pa primer 2. GCAACA GTT GAT TGC equivalent of 2734-2712 ane may vary in 
z “". G@CTGCG'GG.- =... _M. pneumoniae) —. i." > some isolates 
Mge Paprobe © CCC AAC AGT ACT AGT Ke 2650-2679 "es 
3 | _ CCC ACG AGT GAG TGG pes 
with a 3” tail — T3g-AAAA- 
((PPIA)s2 - 
M. hominis MYCHOMP ATA CAT GCA TGT CGA. 170 bp of 16S 51-714 Grau.et al 
primer 1 GCG AG ) rRNA gene (1994) 
MYCHOMN CAT CTT: TIAGTG GCG - -_ — 208-280" 
primer 2 CCT TAC 
-MYGHOMS CGC ATG GAA CCG CAT 179-194° 
probe. GGT TCC GTTG 
M. penetrans © MYCOPENETP CAT GCAAGTCGGACG 407 bp of 16S 54-73° Grau et al 
primer 1 AAG CA rRNA gene (1994) 
MYCOPENETN AGCATT TCC TCT TCT 452-471" 
- primer 2 TAC AA 
MYCOPENETS CAT GAG AAAATG TIT 187-213° 
probe AAA GTC TGT TTG 
M. pneumoniae Mpn P1 primer 1 CAAGCC AAACAC GAG 543 bp of P'1 3666-3688 Williamson Semiquantitative 
CTc CGG CC adhesin gene et al (1992) when dot blot 
Mpn P14 primer 2 CCA GTG TCA GCT GTT 4208-4183. hybridization 
| TGT CCT TGC CC applied and 
Mpn P71 probe CCT CCT CCA CCA ACA 4040-4065 hybrids counted | 
ACC TGG GGC C-T22-AAA- | 
(PIA) 
U. urealyticum U5 sense primer CAA TCT GCT CGT GAA 429 bp of Blanchard Detects all 
. GTA TTA G urease gene et al (1993) serotypes 
U4 antisense ACG ACG TCC ATA AGC 
primer AAC T 
US probe ~ GAG ATA ATG ATT ATA 
| TGT CAG GAT CA 
Mycoplasma GPO-3 GGG AGC AAA CAG GAT 282 bp of 16S 774-7987 Kuppeveld 
group-specific TAG ATA CCC T rRNA gene et al (1994) 
PCR MGSO TGC CCA TCT GTC ACT 1055-10297 
CTG TTAACC TC 
GPO-4 (probe) CTT AAA GGAATT GAC 910-933" 
GGG AAC CCG 
Control PCR KM 29 GGT TGG CCAATC TAC 262 bp of human Skakni et al 
target. 5 ee ee CRB ..: __.Pthaemoglobin. = =... (1992) 
(B- haemoglobin KM. 38 TGG TCT CCT TAA ACC gene 


gene) TGT CTT-G 









* Escherichia aa 16S rRNA SL i a + 
Probes: most are 32P.labelled via 5'-phosphorylation with [y-““P]dATP and polynucleotide kinase (see Ch. 10). For hairpin label 


preparation see Williamson et al (1992). 
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DNA isolation non beh i hy Sb inte see “PCR reaction Stoners sae i eee Braking Wale Sse. ete 2) ern) 


Clinical sample Final DNA NAY vol ised DNA heated « Assay” Tris-HCI: (pH. 8.3 KCI. “MgCl Gélatin’ dNTPs Primers. Tag pol 
processed (ut “vol (ul) in assay ta) 2 at, SCimin Evol on at oy inmy: (mM). sebts {eon (uM). (uM) (units) 


e800 0.80 > 25 } 
200° -0.6 =~ 

200. 0.4. 

2 200 0.4 

. 200 








Organism Mineral oil 

. (2 drops) 
M.fermentans 1000 urine 100 - ‘0 Lys “957/10 - 100° oe 
M. genitalium 50 NPA, swab 20. © 20 . I00°710- 5550: 10". 50 
M. hominis vat tae aes ety ae Ie ht, | BO 
M. penetrans . rates ty Prats Se deka, 28 al? SOROS er Ie te Es Fe ED 
M. pneumoniae 5Q0NPA,swab 20 . ¢ a vy LOOMETO® 5). FBO POT 50 ) : | . 
U. urealyticum 250 1 or 5° . 95°/10 aU - 4G 30 2 eNS.E2.:200 2 NS | 
Mycoplasma. ~— 250 of cell SO ee AGA Se es _ 10:(pH 9.0) so 2S 10007 B00 | 
group-specific culture ore Oe ARB Teme age f tingle Yoh apt, Pare ek ena” oe egal aieeie Me are eils 
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Organism 
M4. fermentans 


M. genitalium 
M. hominis 


M..penetrans . 
M, pneumoniae ~ 
U. urealyticum © 


Mycoplasma 
group- ‘Specific 
POR The, 


: Equiniolat dATP. dCTP. dGTP. TIP. . 


PCR thermal cycling éenditions.. 
initial °C/min 


94°/2.75 
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ay hn 
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"Detection Sensitivity; 
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1 part glacial acetic acid) is added gently to the 
dish containing the cover-slip and incubated at room 
temperature for 2 min. The medium is aspirated and, 
without allowing the cover-slip to dry, fresh fixative 
is added for an additional 5 min. This step is repeated 
once. The fixative is then aspirated, and the cover- 
slip allowed to dry. A stock solution of the Hoechst 
33258 stain is made at a concentration of 0.05 mg/ml 


‘in Hanks’ balanced salt solution, without phenol red, 


<7 


a | 


_ pH 7.0. For the test, a stock solution Jess than 1 week 


old is diluted to a concentration of 0.05 yg/ml in 
Hanks’ solution. Approximately 1 mi of the diluted 
stain is incubated on each dried cover-slip for 10 min. 
The cover-slips are then washed three times with 
distilled water and mounted on a microscope slide in 
0.1 mol/litre acetate buffer pH 5.5 and examined at 
x540 magnification with a fluorescence microscope. 


Detection of mycoplasmas in cells by culture 


Replace the staridard culture medium over the cell 
monolayer with liquid mycoplasma culture medium 
and incubate for 4-7 days before subculture on to 
agar plates or semi-solid medium. This increases the 
number of the contaminating mycoplasmas present 
in the culrure and hence increases the growth on 
subculture, particularly with mycoplasmas that are 
tightly cell-associated or the exacting ‘non-cultivable’ 
strains (Hopps et al 1973). 

At the same time it is of value to inoculate into 
glucose broth without inhibitor to detect low grade 
infection of the cells with bacteria or yeasts. One 
mycoplasma plate is incubated aerobically and the 
other anaerobically or in nitrogen and CQ,. It is 
particularly important to use anaerobic conditions 
to detect M. orale in cell culture. The semi-solid agar 
is subcultured at 3, 7 and 14 days and the primary 
plates and the subcultures are examined at the same 
intervals. Suspected colonies are stained by Dienes’ 
method* or with cresyl-fast violet* and the isolates 
identified by immunofluorescence and by subculture 
and growth inhibition. The presence of L-phase 
variants simulating mycoplasmas is investigated by 
subculture on standard medium without inhibitors. 


Detection by NA probe and PCR gene 
amplification 


‘The GenProbe mycoplasma detection kit is used 
according to the manufacturer’s instructions. The 
PCR method is described in Chapter 10, Primers 
and probes and PCR details are shown in Tables 
36.2 and 36.3. The results of the GenProbe kit and 


‘the PCR method are generally in good and close 


agreement. Ag-EIA, as would be expected, is less 
sensitive. 


Containment of contamination and treatment of 
contaminated cells 


This is a matter of some difficulty as the antibiotic 
sensitivities of different mycoplasma species vary. 
Basic policy should include buying in mycoplasma- 
free cells (and checking them at time of purchase), 
growing them up and storing clean stocks in liquid 
nitrogen or at —70°C. Contaminated sublines are 
rigorously discarded as infection is liable to spread 
to other cell lines. Separate hoods must be used for 
contaminated and clean lines along with: separate. 
cell culture media, pipette cans, etc. Hoods should 
be cleaned between handling different cell lines. Cells 
which cannot be discarded may be treated with tetra- 
cycline, kanamycin, tylosin or other broad-spectrum 
antibiotics to which the organism is demonstrably 
sensitive (see Cross et al 1967, Fogh & Fogh 1969, 
Stanbridge 1971). Sodium aurothiomalate is effec- 
tive against some species but disappointing with M. 
orale. Other methods advocated but less effective 
outside the laboratory of origin are heating cultures 
at 41°C, or treatment with antiserum to the myco- 
plasma concerned (see Stanbridge 1971). It must 
be remembered that even if stock cell lines are myco- 
plasma-free, virus stocks from elsewhere may be 
contaminated and will serve as a source of further 
laboratory outbreaks of contamination. Treatment 
of virus-infected cell cultures with antibiotics and 
gold salts, or gamma irradiation of virus seeds (Polley 
& Fanok 1973) may overcome the problem. 


METHODS 





Dienes’ stain 
Azure || 0.25 g 
Methylene blue 0.59 
Maltose 29g 
Na,CO, 0.059 
Benzoic acid 0.049 
Distilled water 20 mi 


Flood the plate, or a portion of the plate containing 
suspected mycoplasma colonies, with Dienes’ stain 
diluted 1 in 10 in distilled water. Examine the plate 
microscopically using a low-power objective (x4 or x10). 

Alternatively, smear clean cover-slips with the un- 
diluted stain and allow to dry. Cut out a block of agar 
(c. 10 mm* x 1-2 mm thick) from the plate and place 
cotony-side down on the dry stain. Attach a brass ring 
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(15-20 mm diameter x 3-4 mm thick) to a microscope 
siide by warming the ring in a Bunsen flame, dipping in 
petroleum jelly and pressing the ring on to a slide. Place 
the cover-slip,agar-block-side down, on the ring and 
view the stained preparation microscopically using a 
low power objective (x4 or x10). 

Colonies of mycoplasma retain the stain for at least 
2 days while those of nearly all bacterial colonies lose 
the colour in 30 min. Mycoplasmas stain an intense 
royal blue, and ureaplasmas stain reddish or greenish- 
blue. Colonies which have been transferred to slides 
by the hot water transfer method may be stained by 
overnight exposure to Dienes’ stain or a mixture of 
Dienes’ and Giemsa in equal proportions. By this 
method the stained preparation may be viewed micro- 
scopically with the oil immersion objective. 


Cresyl-fast violet stain (Shepard 1967) 


Stock solution 


Adjust distilled water to pH 3.7 with glacial acetic acid 
(1-5 drops/i00 ml). Dissolve “1 g cresyl-fast violet in 
100 ml distilled water, pH 3.7. Allow solution to ‘ripen’ 
for 48 h. 


Working solution (prepared daily) 


stock solution 20 mi 
NaCl 0.05 gq 
Agitate 1 min, filter and add maltose 7Q 


Method. The stain may be applied by any of the 
methods mentioned above although difficulty may be 
experienced in coating cover-slips. If this is so, the 
block should be stained before applying a cover-slip. 
Colonies of mycoplasma, both large and ureaplasmas, 
stain red-purple. 


Giemsa stain 

Blocks of agar with colonies should be inverted on 
to microscope slides and immersed in Bouin's fixative 
overnight. The block is then removed and the slide 
rinsed in tap water for 1 h. The slide is placed colony- 
side down on two supports in a Petri dish to which is 
added Giemsa stain diluted 1 in 20 in distilled water. 
Staining is allowed to take place overnight, before 
rinsing and microscopic examination. 


Hoechst 33258 stain 


See use of Hoechst 33258 stain under Detection of 
mycoplasmas in cell culture (above); - - : 
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Media for the cultivation of Mycoplasma 
pneumoniae and other mycoplasmas 


For details of the following media, see Lemcke (1965), 
Marmion (1967) and Shepard (1969). Note: Media 
for mycoplasmas contain horse serum. Some batches 
may contain inhibitors, and each batch should be 
tested for inhibitory activity before use. 


Standard solid medium 


Yeast extract 


Baker's yeast 1 kg 
Deionized water 1 litre 
Hydrochloric acid, HCI, 


analytical grade c. 6.5 ml 


Add the yeast to 500 ml water at 50°C in a large 
beaker. Mix and knead well (this is particularly impor- 
tant). Add the remaining water, warm to 80°C and add 
acid until the pH reaches 4.5, checked with pH papers. 
Mix well and heat at 80°C for 20 min. Allow the yeast 
cells to settle and clarify by centrifugation. Filter the 
supernatant through a hardened filter paper (38.5 cm 
diameter) and then through a Seitz EK filter or other 
bacterium-tight grade. Check for sterility by adding 
S ml of filtrate to 10 mi of sterile broth, incubating 24 h 
and subculturing on blood agar. Dispense in convenient 
amounts and store at ~20 to 40°C; Adjust pH to 7.0 
just before use. 


Preparation of complete medium 
PPLO agar base without crystal 


violet (Difco) pH 7.8 70 ml 
Yeast extract, pH 7.0 10 ml 
Horse serum (unheated) 20 ml 
Sodium deoxyribonucleate (calf thymus) 

solution, 0.2% (w/v) 1.0 ml 
Thallous acetate solution, TIC;H,O., 

1 in 80 (w/v) | 1.0 ml 
Dipotassium hydrogen phosphate 

solution, KzHPO,, 1 mol/litre 2.0 ml 
Penicillin solution, 50 000 units/ml 0.2 ml 


The solutions are sterilized by filtration. The agar is 
dissolved, sterilized and cooled to 48°C before adding 
the remaining ingredients, which should be at room 
lemperature. The final pH should be 7.8. It is con- 
venient to dispense 10 mi! amounts in disposable 5 cm 
Petri dishes (Sterilin, Falcon, etc.). The poured plates 
are stored in closed containers at 4°C. Plates should 


not be used if more than 1 week old, as mycoplasmas 


require a soft agar for growth. 


ip 
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Liquid medium 


This medium, with or without glucose, may be used 
for primary isolation of mycoplasmas but it is not as 
good as diphasic medium. It can be used for antigen 
production. 


PPLO broth without crystal , 
violet (Difco) pH 7.8 : 70 ml 


Yeast extract, pH 7.0, see above 10 ml 
Horse serum (unheated) 20 mi 
Glucose solution, 10% (w/v) 10 ml 
Sodium deoxyribonucleate 

(calf thymus) solution, 0.2% (w/v) 1.0 ml 
Thallous acetate solution, TIC,H;Q,, 

1 in 80 (w/v) 1.0 ml 
Dipotassium hydrogen phosphate solution, 

K>HPO,, 1 mol/litre 2.0 ml 
Penicillin solution, 50 000 units/ml 0.2 ml 
Phenol red solution, 0.2% (w/v) 1.0 ml 
Methylene blue solution, 0.1% (w/v) 1.0 ml 


Methylene blue is omitted unless the examination is 
only for M. pneumoniae. \t inhibits the growth of human 
commensal mycoplasmas. Sometimes it contains in- 
hibitors for M. pneumoniae and each batch should 
be tested for inhibitory activity before use. Sterilize the 
solutions by filtration and add them to the sterile broth. 
Dispense, with sterile precautions. Final pH 7.8. 


Diphasic medium 


This medium is used for the primary isolation of myco- 
plasmas. 

Solid phase. Standard solid medium, above. 

Liquid phase. Liquid medium, above. 

Preparation of complete medium. Dispense the 
solid phase in approximately 5 ml quantities in sterile 
screw-capped bottles and allow it to set. Overlay with 
10 ml of the liquid phase. 


Sloppy agar medium 


This medium is useful for the primary isolation of 
mycoplasmas. 


PPLO broth without crystal 


violet (Difco) pH 7.8 7Omi 
PPLO agar base without crystal 

violet (Difco) pH 7.8 10 m! 
Yeast extract, pH 7.0, see above 10 ml 
Horse serum (unheated) 20 mi 
Sodium deoxyribonucleate 

(calf thymus) solution, 0.2% (w/v) 1.0 ml 
Thallous acetate solution TIC,H,O>, 

1 in 80 (w/v) 1.0 ml 


Dipotassium hydrogen phosphate 
solution, KZHPO,, 1 mol/litre 2.0 ml 
Penicillin solution, 50 000 units/ml 0.2 ml 


Sterilize the solutions by filtration and add them to the 
sterile broth. Add the 10ml molten agar base. Mix 
gently. Dispense aseptically in 4 ml! amounts in small 
screw-capped botties. 


SP-4 medium (after Tully et al 1977, 1979, 
1981) 


The medium consists of a base resembling that used 
in the standard mycoplasma medium described above 
together with various supplements, in particular a com- 
plex tissue or cell culture medium, CMRL 1066. The 
latter is a modification of the Healy, Fischer & Parker 
cell culture medium 858 and contains 21 amino acids, 
13 vitamins, nucleic acid precursors and enzyme co- 
factors. The 10x concentrate of CMRL 1066 contains 
levels of cholesterol suitable for mycoplasma growth. 

The medium may be used in the liquid form without 
agar and with phenol red, or as a diphasic medium, 
or in the form of plates. In our experience, the inocula- 
tion of specimens into the liquid or diphasic medium 
with subculture on to plates of the standard myco- 
plasma medium, rather than plates of SP-4 medium, 
gives optimal results. The reason why this is so is 
unclear. Thallium acetate may be added for the culture 
of M. pneumoniae, but must be omitted when culturing 
M. genitalium. 


Basal medium | 
Mycoplasma broth base (BBL) 3.5g 
Tryptone (Difco) 10.0g 
Peptone (Difco) 5.39 
Glucose 5.09 
Deionized water 615 ml 

Supplements 
CMRL 1066 medium, 10x concentrate 

with glutamine (Gibco 154) 50 mi 
Fresh yeast extract, 25% solution 

(MA Bioproducts) 35 mi 
Yeastolate, 2% solution, sterile (Difco) 100 ml 
Fetai bovine serum, heated at 56°C 

for 1h 170 ml 
Penicillin, 100 000 units/ml 10 ml 
Phenol red solution, 0.1% (w/v) 20 mi 


Preparation of complete medium 


The quantities shown above are sufficient to make 1 
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litre of SP-4 medium; the osmolality is 332 mosmol/kg, 
pH 7.0-7.4, Basal medium is prepared and adjusted 
to pH 7.5 and then autoclaved at 121°C for 15 min. 
Complete medium is prepared by the addition of each 
of the sterile supplements. Agar plates are prepared, 
generally with 200 ml amounts of the complete medium, 
by the addition of 3.5% (w/v) of Noble agar (Difco) to the 
basal medium before sterilization. After autoclaving, 
the basal medium is equilibrated at 56°C, sterile sup- 
plements added aseptically (except for the phenol red 
solution), and plates poured. The agar medium is to 
be used no later than 7 days after preparation. 


Ureaplasma medium 
PPLO broth or PPLO agar without 


crystal violet (Difco) pH 6.0 70 mi 
Yeast extract, pH 7.0 (see standard 

solid medium above) 10 mil 
Horse serum (unheated) 20 ml 
Urea solution, 20% (w/v) * ~ 5mi 
Phenol! red solution, 0.2% (w/v) 1.0 ml 


Penicillin solution, 200 000-units/m! 0.25 ml 


The solution are sterilized by filtration and added to the 
Sterile broth or agar. The pH of the medium is adjusted 
to 6.0 before dispensing it with sterile precautions. 


Media for enzyme tests 


Test media for arginine deaminase, urease, and 
tetrazolium reduction are described below. 


Arginine deaminase 


The standard liquid medium is supplemented with 1% 
(w/v) L-arginine HC! and 0.002% phenol red and ad- 
justed to pH 7.0. Production of ammonia is indicated 
by a change to a deep red colour. Note that the horse 
serum in the medium contains urea and that an 
organism with urease may also produce ammonia. 


Urease tests (Shepard & Lunceford 1970, 
shepard 1973) 

Urease activity may be determined (1) in a liquid 
medium (Shepard's U9 medium), or (2) by plate tests. 


Urease colour test liquid medium 


Basal broth 
Tryptic digest broth powder (BBL or Difco) _ 0.75g 
Sodium chloride, NaCl 0.59 


Potassium dihydrogen phosphate, KH,PO, 0.029 
Deionized water 100 ml 
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Note: Not all batches of tryptic digest broth powder 
are satisfactory, and tests with known ureaplasmas are 
advisable. 


The ingredients are dissolved, the pH is adjusted to 
9.5 with HCl 2 mol/litre, and the basal broth is sterilized 


~ in the autoclave at 121°C for 15 min. 


Complete medium 


Sterile basal broth 95 mi 
Unheated normal horse serum 4 ml 
10% (w/v) urea, stock solution 0.5 ml 
0.2% (w/v) phenol red, stock solution 1ml 
Benzylpenicillin, 100 000 units/ml imi 


Analytical grade urea is used and sterilized by filtration. 


Adjust to pH 6.0. The complete medium is dispensed 
in 1.5-2 ml volumes in 7 mi screw-capped bottles. 
Preparations should not be kept longer than 1 week. 
The medium may also be used for the isolation of 
ureaplasmas from clinical specimens, and for this 
purpose it may be supplemented by 2.5 g/ml of am- 
photericin B to suppress yeasts and filamentous fungi 
that give a positive urease test. 


Plate spot tests for urease and differential 
media 


A solution containing 1% (w/v) analytical grade urea 
and 0.8% (w/v) manganous chloride is applied to 
suspected ureaplasma colonies, which must be less 
than 48 h old. The liberation of ammonia from the urea 
reacts with the divalent cation indicator —- manganous 
chloride — to give a golden brown precipitate around the 
colony. Alternatively, 0.03% (w/v) manganous sulphate 
may be incorporated in the ureaplasma solid medium, 
thus giving a differential medium on which ureaplasmas 
have a golden precipitate around them while ‘large 
colony’ mycoplasmas do not change the medium. 


Tetrazolium reduction (Kraybill & 
Crawford 1965) 


Plates of standard mycoplasma agar are prepared with 
the addition of 2 ml of 1% (w/v) stock solution of 2,3,5- 
triphenyltetrazolium chloride per 100 ml of medium. 
The stock solution is sterilized in the autoclave. A block 


.of agar containing numerous colonies is placed, 


colony-side down, on the tetrazolium plate and the 
plate re-incubated aerobically. In 3-6 days the colony- 
containing block becomes pink if M. pneumoniae is 
present. {t should be noted that under anaerobic con- 
ditions many mycoplasmas give a positive tetrazolium 
reaction and that members of the non-human myco- 


“plasma flora, e.g. M. gallisepticum, A.-laidlawii, give 
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positive aerobic reduction of tetrazolium. An overlay 
method has also been described for MM. pneumoniae 
(Woods & Smith 1972). 


Method for the direct deteciion of 
M. pneumoniae antigen in respiratory 
exudate (Kok et al 1988) 


The principle of the method is‘described above; plates 
for test are prepared as follows. 

Antiserum for ‘antigen capture’. A rabbit antiserum 
against M. pneumoniae with a titre of c. 2560 in the 
indirect haemagglutination test (see below) is treated 
three times with 35% (w/v) saturated ammonium sul- 
phate. The precipitated globulin is redissolved in the 
same volume of PBS, pH 7.0, as the original serum 
and dialysed extensively at 4°C. The globulin fraction is 
then absorbed with normal human lung homogenate 
and glutaraldehyde-fixed human serum (Avrameas & 
Ternynck 1969). These absorbants cover the hetero- 
genetic antigen determinants likely to be present in a 
sample of human respiratory secretions. 

Coating of plates. Duplicate flat-bottomed micro- 
titre wells (Dynatech Immulon 4) are coated with anti- 
body diluted in 0.05 mol/litre sodium bicarbonate buffer, 
pH 9.6, either at 37°C for 1h or at room temperature 
overnight. The dilution of antibody for coating is de- 
termined by previous titration in ‘chessboard’ fashion 
with a whole-cell M. pneumoniae CF antigen. That 
dilution of antibody which detects antigen at its end- 
point (‘antigen titre’) but which is free from non-specific 
reactions in the absence of antigen, is chosen for 
coating the wells. In the M. pneumoniae system this 
is about 10 antibody units (i.e. a 1-in-200 dilution of a 
serum with a titre of 2000), or about 25 j1a/ml of protein. 
After coating, the unadsorbed antibodies are removed 
with five washes in PBS, pH 7.0, with 0.05% (v/v) 
Tween 20 (PBS/T). The plates can be stored either at 
4°C or -70°C for several weeks before use and in 
sealed containers with desiccant. 

Test method. The specimen (a clarified, sonicated 
sample of nasopharyngeal aspirate, NPA) is diluted 
with an equal volume of diluent buffer (2.5% w/v skim 
milk in PBS/T) before addition to the wells coated with 
antibody or pre-immunization serum. After incubation 
for 2h at 37°C or overnight at room temperature (or 
after prior testing for optimal conditions), the unreacted 
materials are removed by five washes with PBS/T over 
10 min. 

In a direct enzyme immunoassay (EIA),-the enzyme- 
labelled antibody (diluted in diluent buffer) is then 
added and incubated at 37°C for i h or at a predeter- 
mined optimal set of conditions. Before the addition of 


the substrate, the unreacted labelled antibodies are 


removed by five washes over 10 min. The enzyme— 
substrate reaction is allowed to proceed at room 
temperature for 15 min before stopping the reaction 
with 1 mol/litre H2SO,. In the indirect EIA, a second 
adsorbed antibody (of different species origin to the 
primary capture antibody) is reacted with the capture 
antigen for 1h at 37°C before addition of an enzyme- 
labelled antiglobulin. The colour reaction. can be read 
in an automated spectrophotometer designed for plate 
reading, at a wavelength of 490 nm if the enzyme is 
horseradish peroxidase or at 405 nm if it is alkaline 
phosphatase. An absorbance value of 2 is the maxi- 
mum obtainable in the linear part of the response 
curve of the instrument. | 

The amount of antigen ‘captured’ may be quantified 
(1) in terms of optical absorbance measurements ex- 
pressed as units above a predetermined cut-off level, 
and interpreted as low, medium or high positive, or 
(2) as the specific binding % (SB%), from the formula: 


in AS — AN x 100 
2 


SB% 


where AS is the average absorbance value for wells 
coated with specific antibody, and AN is the average 
absorbance value for wells coated with the negative 
control serum. 

The ‘cut-off’ value for the SB% signifying a positive 
or negative test can be determined in various ways. 
One way is to determine the SB% values for a large 
number (100 plus) of specimens negative on other 
criteria, such as culture of the organism or serological 
testing of the patients providing the samples, then to 
calculate the mean and standard deviation (SD) and 
take as a ‘cut-off’ level the mean value plus 3 SD. 

The system should be calibrated by titration of 
dilutions of a culture of the mycoplasma to define the 
sensitivity of the system. 


Methods for measurement of specific Ig 
classes of antibody to M. pneumoniae 


Detection of M. pneumoniae-specific IgM, lgG 
and IgA antibody by an indirect solid-phase 
enzyme immunoassay 


Rheumatoid factor (RF) test. Sera that are positive 
for IgM specific antibodies to M. pneumoniae are also 
checked for the presence of IgM antibodies (rheuma- 
toid factor) specific for human IgG. The presence of RF 
is indicated by the agglutination of latex beads coated 
with human IgG (CSL). Such sera are then absorbed 
with fixed normal human sera (Avrameas & Ternynck 
1969) and then retested for IgM specific antibodies to 
MM. pneumoniae. | SD tee Tay 
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The presence of IgM specific and other class anti- 
bodies can be detected by coating microtitre wells 
(preferably those with uniform high binding capacity) 
with sonicated M. pneumoniae whole-cell antigen in 
bicarbonate buffer (pH 9.6) for 2 h at 37°C or overnight 
at room temperature. The reaction volumes for this 
assay are 100 jl/well and the washing buffer is PBS 
with 0.05% Tween 20 (PBS/T). After coating, any un- 
bound sites are blocked with 10% casein—PBS/T at 
37°C for 1h, The wells are washed and the test sera 


added. The sera are diluted 1 in 200 in 2.5% casein— — 


PBS/T before addition to the reaction wells. it is prefer- 
able to remove any rheumatoid factor in the sera before 
testing. The test sera are incubated for 1h at 37°C 
and then washed at least five times. The appropriate 
dilution (in 2.5% casein—PBS/T) of enzyme-conjugated 
sheep antihuman IgM, IgG or IgA is then added and 
incubated for 30 min at 37°C. Before addition of the 
substrate for the chosen enzyme, the reaction wells 
are washed three times with washing buffer followed 
by three washes with distilled water. The distilled water 
is used to rernove metallic ions, which can interfere with 
the substrate reaction and give spurious results. The 
enzyme labels may be urease, horseradish peroxidase 
or phosphatase, and numerous sources of high-quality 
reagents exist. 

An alternative assay for IgM and other classes 
is an antibody—capture modification of the indirect 
haemagglutination (IHA). This indirect haemagglutina- 
tion assay requires antigen-sensitized sheep erythro- 
cytes and will measure total antibody, i.e. in all 
immunoglobulin classes, as well as measuring IgG, 
IgM and IgA specific antibody to M. pneumoniae (Kok 
et al 1989). 


Indirect haemagglutination for M. pneumoniae- 
specific IgM antibody (Kok et al 1989) 


Modified IHA test for IgM specific antibodies. To 
each well of a polystyrene microtitre tray (Nunc or 
Dynatech) is added 100 1! of rabbit anti-human p chain 
(Dakopatts). The optimal dilution of coating antibody 
for use is previously titrated. The microtray is then air- 
dried at 37°C and immersed in cold methanol for 10 
seconds. The methanol used is previously dried with 
molecular sieves (Sigma, 3A) at -20°C as this has been 
found to give a better fixation of the capture antibody. 
Two-fold falling dilutions of the patients’ sera are then 
made in the coated cups using diluent buffer. After 
overnight incubation at 4°C, the tray is then washed 
three times with PBS, excess fluid is drained on a paper 
towel and to each well is then added 50 ul of 0.2 ml 
of SRBC-Mp (see below). The plate is left at ambient 
temperature and read-after 1h. Positive and negative 
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results are read as with the IHA test. With this modified 
IHA test, it is preferable to'use SRBC-Mp cells thai 
were prepared within 2 weeks. 

Preparation of sheep erythrocytes sensitized with 
M. pneumoniae antigen (SRBC-Mp). Erythrocytes 
sensitized with M. pneumoniae antigen may be pre- 
pared in the laboratory as described below. Note: 
The technique was developed with M. pneumoniae 
organisms supplied for the CFT by Wellcome. As this 
product has been withdrawn the laboratory may have 
to prepare suspensions, preferably by growing the 
organism on a glass surface (Somerson et al 1967), 
SO as to decrease contamination with serum protein 
from: the growth medium. The organisms are re- 
suspended in 2ml PBS and sonicated at 4°C in a 
Branson Sonifier for 10 min with two 1 min cooling in- 
tervais. This sonicate is then used at a predetermined 
dilution (usually 1 in 10) to sensitize tanned sheep red 
blood cells (SRBC) in the indirect haemagglutination 
test. 

The procedures for fixation, tanning and sensitization 
for the sheep erythrocytes are essentially those de- 
scribed by Hog & Das (1970). Fresh SRBC are 
washed three times with phosphate-buffered saline 
(PBS; 0.1 mol/litre, pH 7.2). A 2% (v/v) cell suspension 
is then made in 1% (v/v) glutaraldehyde. This fixation 
process is then allowed to proceed by gentle stirring 
at room temperature for 30 min. The SRBC are then 
washed three times and stored at 4°C until required 
for tanning. Such fixed SRBC can be stored for up to 
6 months, with 0.1% (w/v) sodium azide. For tanning, a 
2% suspension of fixed SRBC is then mixed with an 
equal volume of freshly prepared tannic acid. The 
dilution of tannic acid is previously determined by a 
chessboard titration so as to use the fowest-dilution 
that will no* give autoagglutination of the sensitized 
cells. For most batches of tannic acid, this is usually 
1 in 40 000. The mixture is then incubated at 56°C for 
30 min with occasional mixing. After tanning, the cells 
are washed three times with PBS. 

Sensitization of the tanned cells is then carried out 
immediately. To a volume of 2% tanned cells is added 
an equal volume of M. pneumoniae sonicate. This is 
then incubated in a roller drum at 37°C for 1h. After 
sensitization the cells are washed three times with 
PBS and a 4% cell suspension is prepared in 2.5% fetal 
calf serum in PBS (diluent buffer). After 2 days the cells 
are resuspended in a fresh volume of diluent buffer 
and then used in the !HA test. Such sensitized cells will 
Store for up to 2 months at 4°C without loss of activity. 
Before use each time the cells are resuspended in 
fresh diluent buffer. 

Indirect haemagglutination test (IHA). A series of 
2-fold dilutions of the test sera is made in microtitre 
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trays (25 pV/well) from a starting dilution of 1 in 10, To 
each well is then added an equal volume of 0.4% 
SRBC-Mp. Hence, the final concentration of cells in 
each well is 0.2% and the first dilution of the serum is 
then 1 in 20. The plate is read after 2—3 h at ambient 
temperature or after overnight incubation at 4°C. The 
latter generally gives a result one doubling dilution 
higher than that at ambient temperature. An aggluti- 
nated mat of cells indicates the presence of specific 
antibodies: a button of cells at the bottom of the well 
indicates a negative result. Sera showing a titre of 
> 160 are considered to be serologically positive for 
M, pneumoniae. 


Note: The general principle of antibody capture can 
be used in E|A format rather than with antigen-coated 
SRBC as an indicator system. 


PCR GENE AMPLIFICATION SYSTEMS 
FOR THE DETECTION OF 
MYCOPLASMA DNA IN CLINICAL 
SAMPLES AND CELL CULTURES 


PCR-based detection methods are given for several 
of the human mollicutes, M. fermentans, M. genitalium, 
M. penetrans, M. pneumoniae, M. hominis and U. 
urealyticum. Primers and probes are given in Table 
36.2 and reaction conditions in Table 36.3. Additionally, 
probes are given for confirmation of identity of amplitied 
products and, in the case of M. pneumoniae, tor 
semi-quantitative determination of organisms in clinical 
specimens (by quantitative dot-blot hybridization). 


PCR controls 


The general principles of PCR-based testing are 
considered in Chapter 10. Additional details relevant 
for the mycoplasmas are as follows. 


Test for PCR inhibitors 


To test for PCR inhibitors in DNA extracts a number 
of alternative tests can be carried out. For example, all 
clinical samples contain human DNA and should thus 
always give a positive PCR result with §-haemoglobin 
primers (see Table 36.3). This is usually carried out 
as a separate PCR. DNA samples should be used at a 
lower amount, or re-purified, if this control is negative. It 
may be preferable to carry out internal PCR. controls 
using a small amount of an added target which is 
shorter (or longer) than the authentic target but carries 
the same priming sequences. | 


MYCOPLASMA PNEUMONIAE AND OTHER MYCOPLASMAS 


Positive and negative controls 


Positive controls may consist of 100 pg of the relevant 
purified mycoplasma DNA. Negative controls should 
be dispersed at regular intervals with the clinical PCR 
reactions. These can either lack added DNA or 


_ include a non-reactive target, e.g. 1 4g Escherichia coll 


DNA, 


Sensitivity 


Sensitivity is PCR-system-specific, ranging from one 
cell for the M. fernentans FCR to 400 genomes with 
the M. pneumoniae PCR. However, if ultra-high sensi- 
tivity is required, e.g. detection of a single organism, 
then the cycle number must be raised to 45 cycles 
(see M. fermentans PCR. Note: 45 PCR cycles at an 
amplification efficiency of 95% per cycle would amplify 
one molecule of a 200bp target up to 1.8 x 10%, 
molecules, c. 0.5 ug of product). 

Preparation of DNA. The method used depends 
on the type (i.e. NPA, throat swab) and condition 
(normal, purulent) and the preference of the diag- 
nostic group. One simple method involves collection 
of organisms by centrifugation following liquefaction 
of mucoid specimens with Sputolysin (Behring). The 
DNA is then released via proteinase K and detergent 
followed by heat inactivation of the proteinase K. 
The second method involves disruption of ‘organisms 
by guanidinium isothiocyanate and adsorption and 
desorption of DNA from silica fragments (Skakni et al 
1992). 


isolation of mycoplasma DNA from 
clinical specimens 


Centrifugation—proteinase K method (Williamson 
et al 1992) 


For mucoid or purulent clinical specimens 50 tl sam- 
pies (nasa! washing or NPA) are diluted with an equal 
volume of Sputolysin (Behring), and the organisms 
collected by centrifugation (10 000 g for 30 min at room 
temperature). For liquid samples the Sputolysin can 
be omitted. Pellets are resuspended in 20 pl of 10 mM 
Tris-HCI (pH 7.5 at 37°C), 0.01% NP40, 200 pg/m! 
proteinase K and incubated for 1 h at 37°C (Note: Wang 
et al (1993) recommend 2h at 56°C). Samples are 
then boiled for 10 min to inactivate the proteinase K 
(the NP40 is essential for complete inactivation). The 
samples are cooled and condensate is collected by a 
brief centrifugation. The partially purified DNA‘is used 
immediately or stored at -10°C or lower. 
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Screening of cell cultures for 
mycoplasmas by PCR 


As stated above, contamination of cell cultures with 
mycoplasmas is known to influence experimental 
results and lead to incorrect conclusions. Many screen- 
ing methods are available, although interest in PCR 
methods is increasing due to its specificity, sensitivity 
and speed. One mycoplasma group-specific PCR 
method is described by Kuppeveld et al (1994); the 
method detects common contaminating species (M. 
arginini, M. fermentans, M. hyorhinis, A. laidlawii and 
M. orale) which cause 98% of contamination (Bolske 
1988) as well as minor mollicute contaminants of the 
genera Acholeplasma, Mycoplasma, Spiroplasma and 
Ureaplasma. Other reports'on PCR detection of con- 
taminant mycoplasmas in cell culture are Hopert et al 
(1993) and Spaepen et al (1992). 


SOME COMMERCIAL SOURCES OF __ 
REAGENTS 





Note: This is an introductory list, not comprehensive, 
and does not constitute an endorsement of those listed 
in preference to any not listed. 


Complement-fixing antigens for M. pneumoniae 


(i) Virion Institute, Ruschikon, Switzerland. 
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(iii) Standards Laboratory, Central Public Health 
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EIA-based assays for IgM, IgG or IgA antibody 
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(i) EIA-IgM (antibody capture), Incstar Corporation, 
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(ii) ElA-IgM (antibody capture), Diatech Diagnostics, 
Boston, USA. 
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(iii) EIA IgM/igG (antibody capture), Patelia, Sanofi 
Diagnostic Pasteur, France. 
(iv) EIA IgM (antibody capture), Biorad, USA. 


Particle-based agglutination tests for 
M. pneumoniae antibody 
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(i) Mycoplasma IST, Mycoplasma LYO, A7 agar, 
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History 


Chlamydiae were first observed in 1907, when intra- 
cellular inclusions were detected in conjunctival 
epithelial cell scrapings from an orang-utan which 
had been inoculated with material from a patient with 
trachoma. Subsequently, similar inclusions were seen 
in epithelial cells from the conjunctivae of infants 
with non-gonococcal ophthalmia (inclusion conjunc- 
tivitis) and from genital specimens of the parents 
of infected infants. They were described as being 
draped around the cell nucleus like a cloak and, 
because of their size, thought to be protozoa. Thus 
the organism was named ‘chlamydozoaceae’ (mantled 
animals; Greek, chlamys, a cloak). It was first isolated 
in embryonated hen’s eggs in 1957 by T’ang and in 
cell culture in 1965 (Gorden & Quan 1965). 

Human psittacosis or ornithosis was first described 
in the late 19th century as an unusual pneumonia 
following exposure to tropical birds (psittakos is Greek 
for parrot). It was recognized more commonly 
in Europe during the 1930s when importation of 
South American birds became fashionable. The 
causative organism, which was thought to be a virus, 
was isolated from avian and animal tissue during 
the investigation of an outbreak of infection in the 
London zoo in 1930 (Schaffner 1990). 


Structure 


Chlamydiae are small, obligately intracellular bac- 
teria classified in the order Chlamydiales and family 
Chlamydiaceae, which contains a single genus, 
Chlamydia, and three species, C. trachomatis, C. psittaci 
and C. pneumoniae (Moulder et al 1984, Grayston 
et al 1989). A fourth species, C. pecorum, has been 
recently proposed (Fukushi & Hirai 1992). ‘They are 
unique bacteria, which contain both RNA and DNA, 
and are susceptible to some antibiotics. They are 
non-motile and stain poorly with Gram but readily 
with Giemsa; Castafieda, Gimenez or Macchiavello 


methods. They have a double-stranded DNA 
genome of approximately 1 million nucleotide pairs 
which encodes about 600 proteins (Frutos et al 
1989). They contain prokaryotic-type RNA and 
have a cell wall, consisting of inner and outer cyto- 
plasmic membranes and lipopolysaccharide (LPS), 
which is similar to that of Gram-negative bacteria 
except that it lacks peptidoglycan. 

The outer membrane contains several proteins in- 
cluding the major outer membrane protein (MOMP) 
which differs between chlamydial species and has 
species-, subspecies- and serovar-specific antigenic 
domains (Moulder et al 1984). The MOMP of 
C. trachomatis consists of four variable and five 
interspersed, constant domains (Fielder et al 1991). 
Chlamydial LPS is a component of the genus-specific 
LPS-protein complex. The immunodominant group 

2-keto-3-deoxyoctanoic acid, which is similar to 
but not identical with that of the core LPS of rough 
mutants of Enterobacteriaceae (Caldwell & Hitchcock 
1984, Brade et al 1985). Chlamydiae synthesize 
proteins during their developmental cycle but pro- 
duce no ATP and are dependent on host cells for 
their energy requirements. 

Most strains of chlamydiae contain a cryptic 
plasmid of approximately 7.5 kilobase pairs. Plasmids 
from several different serovars of C. trachomatis 
have been sequenced and shown to have 8-11 poten- 
tial protein-encoding genes. The plasmids of C. 
trachomatis and C. psittaci are distinguishable from 
each other. The function of the plasmid is unknown 
but the fact that it is not present in all strains suggests 
that it is not essential (Ward & Clarke 1990). 


Developmental cycle and cellular 
interactions 


Chlamydiae have a unique developmental cycle 
which differentiates them from all other microorgan- 
isms; there are two morphological forms, namely, 
elementary bodies (EB) and reticulate bodies (RB). 
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EBs are small spherical (or pear-shaped in the case 
of C. pneumoniae) infectious particles, 250-300 nm 
diameter, which are relatively hardy and capable 
of extracellular survival, but do not replicate. The 
rigidity of the EB cell wall is due to disulphide cross- 
linking between MOMP and several cysteine-rich 
proteins. RBs are the larger (800—1200 nm) intra- 
cellular, non-infectious, replicative, metabolically 
active form of chlamydiae whose cell walls lack the 
disulphide cross-linking present in EBs (Bavoil et a! 
1984). 

EBs infect susceptible non-professional phagocytes, 
including epithelial cells, presumably after attach- 
ment to a specific cell receptor, which is probably 
a heat-labile, trypsin-sensitive protein but has not 
been precisely identified (Kaul et al 1989). The type 
and range of susceptible host cells varies with the 
species and biovar; for example, the two biovars of 
C. trachomatis, biovar trachoma and biovar lympho- 
granuloma venereum (LGV) infect squamocolumnar 
epithelial cells and lymphoid cells respectively, whereas 
the host cell range of C. psittaci is more diverse. 

It is assumed that one or more specific chlamydial 
adhesins are involved in attachment to host cells. 
Candidate adhesins are defined, in part, by the fact 
that monoclonal antibodies directed against them 
inhibit celiular attachment of EBs; they include 
epitopes in variable domains of MOMP and the 18 
and 31-32kDa eukaryotic cell-binding proteins 
which are expressed in EB but not RB cell walls 


(Kaul et al 1989, Vretou et al 1989, Qu et al 1993), _ 


The uptake of EBs into cells can occur by either 


phagocytic or pinocytic mechanisms, and this is ap- 


parently determined by the type of host cell involved 
and the mode of presentation of the EB (Wyrick 
et al 1989, Prain & Pearce 1989, Reynolds & Pearce 
1990). Within the cell, EBs appear in membrane- 
bound vacuoles; chlamydia-dependent modification 
of the endocytic membrane prevents lysosomal 
fusion and allows development of the typical peri- 
nuclear intracellular inclusion body. Within the 
inclusion, EBs change into RBs which replicate by 
binary fission to form smaller progeny which are 
eventually converted into EBs and released from the 
cel] by rupture of the inclusion. 


Antibiotic susceptibility 


Chlamydiae are susceptible to some antibiotics, 
including tetracyclines, macrolides and rifampicin. 
C. trachomatis is sensitive to sulphonamides, but 
C. psittact and C, pneumoniae are not. Chlamydiae 
have penicillin-binding proteins; penicillins are 
chlamydiostatic in vitro and to some extent in vivo 
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and have a limited role in treatment of infection 
(Gilbert 1987). 


Diseases due to Chlamydia species 


C. trachomatis includes three biovars — trachoma, 
lymphogranuloma venereum (LGV) and mouse 
pneumonitis. The human biovars are closely related 
to each other genetically but are significantly differ- 
ent from the mouse pneumonitis agent (Petersen & 
de la Maza 1988). C. trachomatis biovar trachoma 
has 12 serovars, and biovar LGV has three serovars. 
Both are exclusively human pathogens. Trachoma 
biovars cause oculogenital infections in humans, 
including the blinding eye disease trachoma (usually 
serovars A—C), sexually transmissible genital infec- 
tions, vertically transmissible neonatal infections and 
adult inclusion conjunctivitis (usually serovars D-K): 

In women, genital infections include urethritis, 
cervicitis, endometritis and salpingitis. Infection per 
se is confined to epithelial surfaces but an immune- 
mediated host response can cause severe inflamma- 
tion and damage affecting deeper tissues, especially 
after repeated episodes. The most serious complica- 
tions of chlamydial upper genital tract infection in 
women are infertility and ectopic pregnancy, which 
result from damage to the Fallopian tubes (Mardh 
1986). Cervical chlamydial infection during preg- 
nancy is associated with an increased risk of preterm 
birth, the mechanism of which is unknown (Sweet 
et al 1987). The clinical manifestations of chlamydial 
genital infection in men include urethritis and 
epididymo-orchitis which are usually self-limited and 
rarely associated with long-term sequelae. Immune- 
mediated reactive arthritis or Reiter’s syndrome 
(arthritis, urethritis and conjunctivitis) can compli- 
cate genital chlamydial infection in either sex, but is 
more common in men. 

Inclusion conjunctivitis can occur in adults, in 
whom it is usually associated with genital infection. 
It is the commonest manifestation of neonatal infec- 
tion; it is usually self-limited and not associated 
with impairment of vision, presumably because there 
is Only a single episode of infection. In contrast, 
trachoma can cause blindness, resulting from severe 
inflammation and scarring because of repeated re- 
infection with C. trachomatis and secondary bacterial 
infection (Grayston et al 1985). The other important 
manifestation of neonatal infection is a subacute 
pneumoniaj which is rarely fatal but causes a pro- 
longed and often debilitating illness and an increased 
risk of chronic respiratory disease (Gilbert 1986). 

Lymphogranuloma venereum (LGV), is a sexually 
transmissible disease which has a limited geographical 
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distribution in Africa, Asia and South America, 
caused by C. trachomatis serovars L.1—3 (LGV biovar). 
It is characterized by a mild, self-limited genital 
ulceration followed by regional lymphadenopathy 
and associated with systemic symptoms. Complica- 
tions in about 5% of cases are related to scarring 
and fibrosis of affected tissues, leading to the devel- 
opment of fistulae or lymphatic obstruction causing 
lymphoedema. . 

C. psittaci has a broad host range and causes 
disease or asymptomatic infection in a variety of 
avian and mammalian species. Several different 
biovars and serovars have been recognized, based 
on the morphology of inclusions in cell culture and 
indirect immunofluorescence studies respectively 
(Spears & Storz 1979, Perez-Martinez & Storz 
1985). Restriction endonuclease analysis also shows 
considerable genetic diversity (Fukushi & Hirai 1993). 
Using a panel of monoclonal antibodies, mammalian 
strains of C. psittaci have been shown to be closely 
related to C. pecorum but distinguishable from avian 
strains. Bovine and ovine strains of C. psitract were 
distinguishable from each other and from feline and 
guinea-pig strains (Kuroda-Kitagawa et al 1993). 
A limited number of avian strains are prevalent in 
different parts of the world (Vanrompay et al 1993). 

Human infection with C. psittaci (psittacosis or 
ornithosis) is usually caused by avian strains as a 
result of contact with infected birds. It 1s character- 
ized either by predominantly respiratory symptoms 
(atypical pneumonia) or a systemic illness with less 
prominent respiratory manifestations. Person-to- 
person transmission occurs rarely, if ever. 

C. pneumoniae was first isolated in 1965 from a 
Taiwanese (IW) child thought to have trachoma 
and later from a case of acute respiratory infection 
(AR). It was initially named TWAR and thought 
to be a variant of C. psittaci but later classified as a 
separate species on the basis of less than 10% DNA 
homology with other chlamydial species. It is more 
closely related to C. psittaci than to C. trachomatis 
on the basis of 16S rRNA gene sequencing (Gaydos 
et al 1993). Its pear-shaped elementary body differs 
from that of other species, although this is not a 
reliable taxonomic criterion (Carter et al 1991). C. 
pneumoniae causes subacute and usually self-limited 
respiratory infection which occurs in epidemics every 
2-3 years and sporadically. Most people are infected 
during childhood or adolescence, with or without 
symptoms. Re-infection, especially in the elderly, 
causes more severe disease (Grayston 1992), Chronic 
C. pneumoniae infection has been implicated in 
coronary artery disease and atherosclerosis, This is 
based on seroepidemiological studies and on demon- 


stration of the organisms in atheromatous plaques 
and of circulating immune complexes containing 
C. pneumoniae antigens significantly more commonly 
in patients with coronary artery disease than in 
controls (Thom et al 1992, Linnanmaki et al 1993). 
The newest species, C. pecorum, was proposed as 
a result of genetic analysis of strains of chlamydia 
isolated from cattle and sheep, which showed less 
than 10% DNA homology with other chlamydial spe- 
cies (Fukushi & Hirai 1992, 1993). It causes various 
diseases of sheep and cattle including encephalitis, 
infectious polyarthritis, pneumonia and diarrhoea. 


Host response: recovery and protection 


Infections with any species of chlamydia can vary 
in severity from transient asymptomatic mucosal 


infection to chronic disease associated with severe 


inflammation and long-term tissue damage. This 
variation is apparently due to differences in host 
response rather than in the virulence of different 
chlamydial strains. 

Chlamydial infection or immunization with par- 
tially purified organisms confers partial, short-lived 
protection against re-infection with the same, but 
not other, serovars, which is mainly due to serovar- 
specific mucosal antibody. Long-lived protective 
immunity can develop after repeated re-infection. 
Protective antibodies are probably directed predomi- 
nantly against variable components of the MOMP, 
but precisely which epitope(s) are involved is yet to 
be defined (Morrison 1990a). The mechanisms of 
resolution of acute chlamydial infection’ are poorly 
understood. Although the intracellular habitat of 
chlamydiae protects them from some host effectors, 
their growth is inhibited by interferon-y and 
chlamydial antigens expressed on the cell surface are 
potential targets for cytotoxic T cells (Byrne 1989, 
Karimi et al 1989). 

Repeated or chronic chlamydial infection can 
cause severe immunologically-mediated chronic 
inflammation, which is the basis of diseases such as 
blinding trachoma and chronic salpingitis causing 
infertiliry (Grayston et al 1985). Typically there is an 
exaggerated inflammatory response but chlamydiae 
can be isolated only briefly and in very small numbers, 
indicating both protective and deleterious immune 
responses (Morrison 1990a). A similar clinical and 
pathological response can be elicited by repeated in- 
oculation of an antigen extract of chlamydia (Taylor 
et al 1987). In contrast, asymptomatic genital infec- 
tion may be associated with prolonged shedding of 
large numbers of chlamydiae with minimal inflam- 
matory response. 


623 


3/ PRACTICAL MEDICAL MICROBIOLOGY | 


The main target antigen for the hypersensitivity- 
type response is a 57 kDa genus-specific protein, 
which is a member of the highly conserved family 
of bacterial stress-response (heat shock) ‘proteins 
(Taylor et al 1987, Morrison et al 1989, Morrison 
1990b). Antibody and cell-mediated immune re- 
sponses to this protein are found more often in 
patients with complications of chlamydial infection, 


such as tubal disease or reactive arthritis, than in ~ 


those with self-limited infection (Brunham et -al 
1987, Wager et al 1990, Witkin et al 1993). By con- 
trast, most patients with chlamydial infection, irre- 
spective of complications, develop antibody to a 
cysteine-rich outer membrane protein of similar 
molecular weight (60 kDa) (Wager et al 1990). 
Protection from and resolution of acute chlamydial 
infection and the immunopathology of chronic 
chlamydial disease are complex and further infor- 
mation will be required before development of a safe, 
effective chlamydial vaccine will be possible. The 
protective epitopes must be more precisely defined 
and mechanisms developed to prolong the protective 
response without causing damaging immunopathology. 


Laboratory diagnosis 


The clinica] manifestations and laboratory diagnosis 
of human chlamydial infections due to different 
species and subspecies differ significantly. Sexually 
transmitted genital and related neonatal infections 
due to the trachoma biovar of C. trachomatis are those 
most commonly encountered in clinical practice. 
The clinical manifestations are often mild and diffi- 
cult to distinguish from non-chlamydial infections. 
Accurate laboratory diagnosis is necessary to ensure 
appropriate therapy and epidemiological control. 
The diagnosis is most commonly made by culture 
or by direct detection of specific chlamydial antigen 
or DNA in specimens collected from the site of 
infection. Serological tests have limited value in 
diagnosis other than for neonatal pneumonia but are 
useful for epidemiological studies. Similar methods 
can be used in the diagnosis of trachoma but 
laboratory confirmation is usually not required. 
Culture is rarely used in the diagnosis of human 
psittacosis or lymphogranuloma venereum (LGV) 
because of the potential risk of laboratory-acquired 
infection. Serological tests are commonly used for 
diagnosis of these more invasive infections. The 
diagnosis of C. pneumoniae is usually made by sero- 
logy or direct antigen detection because the organism 
is difficult to isolate in the laboratory. Polymerase 
chain reaction (PCR) has been described for .the 
diagnosis of all types of chlamydial infection. Its 
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role in routine diagnosis has yet to be defined but 
it has significant advantages over conventional 
methods: it is more sensitive and faster than culture; 
there is no risk of laboratory-acquired infection; 
if appropriate precautions are taken to avoid con- 
tamination, it is more specific than serology. PCR 
for diagnosis of C. trachomatis infection is the first 
to be commercially available. Cost appears to be the 
only significant disadvantage at present. 


Microscopy 


Cytological examination of smears using Giemsa, 
iodine, Hoechst 33258 or Papanicolaou stains were 
commonly used in the past for rapid detection 
of chlamydial inclusions m epithelial cells. These 
methods are non-specific, insensitive and require 
expert interpretation. They have been used success- 
fully for examination of conjunctival smears but are 
unsuitable for diagnosis of genital infection. They 
have now been replaced by immunofluorescence, 
enzyme immunoassay or other commercial kit-based 
methods for rapid detection of specific chlamydial 
antigen (see below). 


Culture 


Chlamydiae can be isolated in the laboratory only in 
living cells; for practical purposes this means either 
embryonated eggs or cell monolayers. Until recently, 
culture has been the accepted ‘gold standard’ for 
diagnosis of infection due to C. trachomatis (trachoma 
biovar). However, cell culture is relatively slow and 
expensive and the results depend on the correct 
methods of collection, transport and storage of speci- 
mens. C. trachomatis will grow in only a limited 
number of cell lines and has exacting growth require- 
ments; it can be inhibited by certain components of 
body fluids, swabs, reagents and containers, and its 
viability is reduced by incorrect storage of specimens. 


Specimen collection, transport and 
processing 


Specimens are collected from sites of suspected 
mucosal infection, including cervix, urethra, con- 
junctiva and nasopharynx (less commonly rectum or 
vagina). Cotton-tipped aluminium or rayon-tipped 


wooden swabs are generally preferable to calcium- | 


alginate-tipped aluminium and cotton-tipped wooden 
swabs, which may inhibit chlamydiae and/or are toxic 
to cells; however, batch-to-batch variation occurs 
(Mardh & Zeeberg 1981, Mahony & Chernesky 


1985, Barnes 1989). Inflammatory exudate and- 
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other secretions should be removed and a clean swab 
rotated firmly over the mucosal surface so as to ob- 
tain epithelial cells. For example, to obtain a cervical 
specimen, a clean swab should be inserted at least 
1 cm into the endocervical cana! under direct vision 
(using a speculum) and rotated for 15-20 seconds. 
A male urethral specimen is obtained (at least 1h 
after the patient has passed urine) by inserting a fine, 
flexible swab 2—4 cm into the urethra and rotating 
it gently two or three times. 

The need to collect urethra! swabs for culture of 
C. trachomatis in men has limited investigation of 
chlamydial infections, especially in asymptomatic 
men, because of the associated discomfort. Culture 
of urine has been attempted but is generally much 
less sensitive than urethral culture, presumably 
because urine contains few-epithelial cells. Recently, 
direct antigen testing of first-catch urine sediment 
by either enzyme immunoassay (EIA) or immuno- 
fluorescence (IF) has been shown to compare 
favourably with antigen detection or culture of 
urethral specimens and to be much more sensitive 
than urine culture (Chernesky et al 1990). PCR 
has also now been applied to urinary sediment, with 
similar satisfactory results (Bauwens et al 1993a). 
This appears to be a convenient, non-traumatic 
method of diagnosis of chlamydial infection which 
will allow early diagnosis of asymptomatic infection 
in men, and potentially prevent transmission to other 
sexual contacts (Leonardi et al 1992). 

Swabs should be placed immediately into transport 
medium such as sucrose phosphate saline (2SP)* 
containing antibiotics, usually gentamicin, vanco- 
mycin and amphotericin B. Penicillin or ampicillin, 
which are often used in viral and mycoplasmal media, 
should not be used because they inhibit chlamydiae. 
Heat-inactivated fetal calf or bovine serum (5%) 
may be added to transport medium to protect cells 
during freezing. Other specimens which may be 
cultured for C, trachomatis include certain body fluids 
(e.g. semen), aspirates (e.g. from Fallopian tube or 
epididymus) or tissues. Transport medium should 
be added in approximately equal volume to liquid 
specimens or to cover a tissue specimen. Culture of 
C. psittaci or C. pneumoniae from sputum or pharyn- 
geal swabs or of C. trachomatis LGV biovar from 
aspirated pus or lymph node tissue may also be 
attempted. 

If they cannot be inoculated immediately speci- 
mens should be stored at 4°C for up to 24h or 
at —60°C or in liquid nitrogen if a longer delay is 





required before inoculation (Mahony & Chernesky 
1985). Swabs in transport medium should be shaken 
for 1-2 min on a Vortex mixer or sonicated and the 
swab removed before storage. Tissues should be 
homogenized in a tissue grinder or shaken with glass 
beads in a Vortex mixer and centrifuged to remove 
cellular debris. Semen and tissues may be toxic to 
cell cultures and should be inoculated undiluted and 
after 1 in 10 and 1 in 100 dilution (see Methods below 
for inoculation procedure). 

Aseptic technique and appropriate disinfection 
procedures are required to prevent bacterial con- 
tamination or cross-contamination of cultures with 
chlamydiae (especially with C. psztact or the C. 
trachomatis LGV biovar). Laboratory infection with 
C. trachomatis trachoma biovar is very rare but 
chlamydial culture (especially of C. psittaci) should 
be attempted only in laboratories with suitable 
containment facilities (class 2 biosafety cabinet). 


Chlamydia culture in cell monolayers 


The first reported isolation of C. trachomans by 
Gordon & Quan was in irradiated McCoy cells 
grown on cover-slips in flat-bottomed glass tubes 
after centrifugation of the specimen on to the cell 
monolayer to enhance infectivity. After incuba- 
tion, the cells were stained with iodine to demon- 
strate chlamydial inclusions. (See also Clyde et al 
1984, Gilbert & Cunningham 1986, Schachter 
1991, Boyle 1993.) Current methods are similar in 
principle.* 

Cell lines which support the growth of chlamydiae 
include McCoy (mouse fibroblast line), HeLa 229 
(derived from human cervical carcinoma), BHK-21 
(derived from baby hamster kidney) and Buffalo 
green monkey (BGM) cells. Recently, the HL cell 
line has been shown to be more sensitive for primary 
isolation of C. pneumomiae (Cles & Stamm 1990). 
Cell monolayers are grown on cover-slips in shell 
vials or microtitre plates.* Centrifugation of the 
specimen is necessary for isolation of C. trachomatis 
trachoma biovar but not for the LGV biovar 
(Darougar et al 1974). The effect of centrifugation 
increases up to 15000¢g but, in practice, 1500- 
6000 g is satisfactory and practicable. The efficacy 
of centrifugation is optimal at 22—-37°C, which re- 
quires the use of a temperature-controlled centrifuge. 

Inhibition of cellular protein synthesis by irra- 
diation or treatment with antimetabolites such as 
cycloheximide (Ripa & Mardh 1977) increases the 
size of inclusions and hence the sensitivity of culture 
of C. trachomatis, by preventing competition for 
nutrients and energy by the cell. However, this may 
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inhibit growth of C. psittaci (Grice & Brown 1985). 
Fetal calf serum is required for maintenance of cells 
and may enhance adsorption of the organisms to 
cells but some batches are apparently inhibitory. 
Addition of non-essential amino acids to Eagle’s 
minimum essential medium (MEMNE) or DEAE- 
dextran to growth and/or maintenance media, may 
enhance the yield of C. trachomatis. Optimal incu- 
bation temperature (35-37°C) and pH should be 
maintained (Rota & Nichols 1973), 

Staining of cell monolayers with iodine to detect 
glycogen in inclusions of C. trachomatis is the simplest 
but least sensitive method; it requires longer incu- 
bation because early inclusions do not contain glyco- 
gen; it is not suitable for cultures in HeLa cells, which 
themselves contain glycogen; neither is it ‘suitable 
for detection of C. psittaci inclusions, which do not 
contain glycogen. Second passage of cells increases 
the yield but is time-consuming. Giemsa staining is 
also inexpensive and more sensitive than iodine but 
can. be difficult to interpret. Stained monolayers are 
examined using darkfield microscopy but artefacts 
in the cell monolayers can obscure or be mistaken 
for inclusions. Monoclonal antibody labelled with 
fluorescein isothiocyanate (FITC) has largely re- 
placed other stains for identification of C. trachomatis 
inclusions in cell monolayers.* Inclusions can be 
detected after incubation for 36-48 h by their typical 
apple-green fluorescence against a red counterstain 
(Evan’s blue). The recent use of microtitre plates 
has increased the efficiency of culture for laboratories 
processing large numbers of specimens. 

Culture of chlamydiae requires considerable 
expertise and equipment which are not available in 
every microbiology laboratory. It is therefore limited 
to laboratories where a large enough number. of 
specimens (including culture-positive specimens) are 
processed to ensure optimal quality control. Despite 
its role as ‘gold standard’ in the past, it is clear 
that culture is not 100% sensitive by comparison 
with other methods of high sensitivity, especially 
polymerase chain reaction. Most laboratories rely 
on rapid methods of detection of specific antigen or 
DNA for routine diagnosis of chlamydial infection. 

Attempts to culture C. pneumoniae have been 
relatively unsuccessful. HeLa 229 cells were used 
initially but, more recently, HL cells have been 
shown to be more susceptible to C. pneumoniae (Cles 
& Stamm 1990). Like C. trachomatis, C. pneumoniae 
grows best in cycloheximide-inhibited cells. Further 
inhibition of host cell metabolism by omission of 
fetal calf serum from culture medium may improve 
the efficiency of isolation of C. pneumoniae from 
clinical specimens (Maass et al 1993). Inclusions of 
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C. pneumoniae are stained with FITC-conjugated 
monoclonal antibody (Grayston et al 1986). 


Direct antigen detection 


Commercial availability of reliable rapid tests for 
detection of C. trachomatis has increased the avail- 
ability of specific diagnostic tests and improved the 
management of sexually transmitted chlamydial 
infection. Immunofluorescence (IF) and enzyme 
immunoassay (EIA) are the two methods used most 
commonly and a large number of different kits are 
available. Each has advantages and disadvantages 
but, overall, the sensitivity and specificity of the 
two methods are comparable. The procedures used 
for specimen collection for these tests are similar to 
and as important as for culture. However, since they 
do not rely on the presence of viable chlamydiae, 
transport and storage of specimens is less critical, 
For optimal results, specimens must be collected 
and stored and the tests performed according to the 
manufacturer’s instructions. Specimens from ana- 
tomical sites other than those recommended should 
not be tested, because of the risk of cross-reactions 
which confuse interpretation. Direct antigen tests 
should not be used alone when a positive result 
can have medico-legal implications, e.g. in a case 
of sexual abuse; cultures should be done in these 
circumstances. 

In addition to specimens conventionally used for 
culture (cervical and urethral most commonly) first- 
catch urine specimens have been used successfully 
to detect C. trachumatis antigen by both IF and 
EIA. 


Immunofiuorescence (IF) 


[F* was the first commercially available method for 
rapid diagnosis of C. trachomatis infection. Different 
systems use FI'TC-labelled antibodies (usually mono- 
clonal) against either the species-specific MOMP of 
C. trachomatis or the genus-specific LPS (which can 
also detect C. psittact and C. pneumoniae). IF is most 
commonly used for diagnosis of oculogenital C. 
trachomatis infection but anti-LPS antibody-based 
methods can also be used for examination of sputum, 
tracheal aspirate or tissue for diagnosis of suspected 
(human) chlamydial respiratory infection (psittacosis 
or C. pneumoniae infection) or C. psittaci infection 
in birds and animals. 

Compared with anti-LPS antibody, anti-MOMP 
antibodies give bighter and more consistent staining 
of free EBs, which appear as bright apple-green 
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punctate structures, 300mm in diameter, with a 
smooth edge. EBs are less brightly stained and their 
edges less regular when stained with anti-LPS anti- 
body, which also stains free LPS and may cross-react 
with other Gram-negative LPS. Artefact is easily 
mistaken for EBs by an inexperienced microscopist. 
Ideally at least 10 EBs should be seen for a positive 
result to be given with confidence. 

IF has many advantages. It can be done rapidly 
(in less than 1h) on specimens from individual 
patients if a rapid diagnosis is required and is suitable 
for small batches. Direct inspection of the smear 
allows assessment of its quality. Ideally there should 
be at least 20 epithelial cells on the stained area. A 
significant number of polymorphs (due to purulent 
secretions) or red cells (often due to trauma during 
collection of the specimen) suggest that the specimen 
has not been properly collected. These can obscure 
EBs, if present or produce artefact; the result is 
therefore unreliable and another specimen should 
be requested. The main disadvantages of IF are the 
level of skill required, the need for a high quality 
fluorescence microscope and its unsuitability for 
batch testing of large numbers of specimens. 

If performed according to the manufacturer's 
instructions by an experienced microscopist, the 
specificity is high (> 95%) compared with culture. 
Apparently false-positive IF results may actually 
be due to falsely negative culture. The sensitivity is 
relatively high in patients with symptoms consistent 
with C. trachomatis infection (> 90%) but generally 
too low (60-80%) in asymptomatic individuals 
to recommend the use of IF for screening of low 
prevalence populations (Stamm 1988). 


Enzyme immunoassay (EIA) 


There is an even greater variety of EIA tests avail- 
able for diagnosis of chlamydial infections, using 
monoclonal or polyclonal antibodies against LPS. 
This test is based on detection of soluble LPS (genus- 
specific) antigen captured by antibody attached to 
a solid surface (plastic bead, microtitre well or mem- 
brane) and then detected with an enzyme-labelled 
detector system and a chromogenic substrate. A 
positive result is indicated by a colour change which 
is read spectrophotometricaily or visually. 

The only special equipment required is the EIA 
plate reader (if used) which is often supplied by 
the manufacturer under a reagent-rental system. 
No special expertise is required and the methods are 
suitable for large-scale batch testing and automation. 
The sensitivity of EIA varies considerably but 1s 
generally similar to that of IF. False positive results 


are relatively common. They may be due to cross- 
reaction with LPS of other bacteria, non-specific 
reactions which can often be resolved by repeating 
the test. For example, the positive predictive value 
was increased from 87% to 95% by accepting as 
positive only results which were confirmed by repeat- 
ing the test (Olsen & Sambol 1993). The recent 
introduction of a confirmatory blocking assay (avail- 
able for most EIA kits) has increased the specificity 
to about 99%. This may also indirectly increase the 
sensitivity, by allowing confirmation of borderline 
positive results (Kellogg et al 1993). These tests 
cannot distinguish the different chlamydia species, 
but in practice this is unlikely to. be a problem. The 
major disadvantage of EIA is that the quality of the 
specimen cannot be assessed. 

Several kits are available, using variations of the 
EIA principle, which are rapid (less than 30 min), 
self-contained and potentially suitable for office 
use. The sensitivity in low prevalence populations 1s 
similar to that of conventional antigen detection 
methods and the specificity >95% (Blanding et al 
1993). 


DNA probe test 


Radioactive DNA probes for detection of C. 
trachomatis in cell culture and cervical smears were 
first used in research laboratories in the early 1980s 
and became commercially available in 1989, but 
were relatively insensitive and impracticable. More 
recently, a chemiluminescence assay has become 
available (PACE DNA probe assay, Gen Probe). 
It uses an acridium-ester-labelled single-stranded 
DNA probe, which is complementary to rRNA of 
C. trachomatis. The labelled DNA-RNA hybrid is 
detected in a luminometer which measures, in rela- 
tive light units, light emitted by the acridium ester 
label. The sensitivity has been increased by adding 
another step to remove unbound label (PACE 2) 
and is at least as high as antigen detection tests (e.g. 
95% vs 80-90%) (Clarke et al 1993, Blanding et al 
1993, Warren et al 1993). PACE 2 has been reported 
to be more sensitive than culture (97% vs 80%) when 
a true positive specimen was defined as one which 
was culture-positive or positive by two different non- 
culture methods (Warren et al 1993). The sensitivity 
was lower than culture in another study (76% vs 
97%), in which false-negative results correlated with 
low inclusion counts in cultures. These differences 
probably reflect differences in the sensitivity of cul- 
ture in different circumstances. The specificity can 
be increased to >95% by a probe competition assay 
in which the test is repeated in the presence of excess 


627 


Sf | PRACTICAL MEDICAL MICROBIOLOGY 


unlabelled probe, If the initial result was a true 
positive, the relative light units reading is significantly 
reduced. 


Polymerase chain reaction (PCR) 


The most recent diagnostic method for chlamydial 
infection is PCR. Various amplification targets 
have been used, including the common endogenous 
(cryptic) plasmid (Vogels et al 1993), the omp1 gene 
which codes for MOMP (Lan et al 1993) and the 16S 
tRNA gene (Ossewaarde et al 1992). The plasmid- 
based PCR methods are generally more sensitive 
than those based on amplification of chromosomal 
DNA (ompi or rRNA gene). This difference is 
due to the presence of multiple copies (7-10) of the 
plasmid per bacterial cell, compared with a single 
ompI and 2-3 tandem repeats of the 16S rRNA 
gene (Ossewaarde et al 1992, Mahoney et al 1993). 

Most comparative studies have found that PCR 
is more sensitive than culture (Ossewaarde et al 
1992, Vogels et al 1993). When it was assumed that 
a positive result by either method was a true posi- 
tive, the sensitivities of PCR and culture were 99% 
and 78%, respectively (Vogels et al 1993). In one 
study an unexpectedly low sensitivity of PCR was 
attributed to the sample preparation method, which 
resulted in dilution of the sample (Kluytmans et al 
1993). This was overcome by a confirmatory test 
using a concentrating phenol extraction step. A 
simplified sample preparation method, using cen- 
trifugation to concentrate the specimen, has been 
described (Ossewrarde et al 1992). 

The specificity of PCR is also very high so long 
as appropriate precautions are taken to exclude con- 
tamination. A positive result can be confirmed by 
repeating the PCR on the original specimen using 
a different primer set (Lan et al 1993), PCR using 
omp! as the target and restriction fragment length 
polymorphism (RFLP) analysis of the amplified 
product can be used for rapid (sero)typing since 
each serotype produces a distinctive RFLP pattern 
(Lan et al 1993, Rodriguez et al 1993), Despite 
these advantages, PCR was limited until recently to 
research laboratories because it required complex 
procedures including DNA extraction, ge) electro- 
phoresis and Southern hybridization using radio- 
active labels. 

Recently diagnosis of C. trachomatis infection 
has been the first cammercially available diagnostic 
application of PCR. The system involves PCR and 


DNA probe hybridization followed by detection of 
the amplified plasmid DNA by a method similar — 


to ELA (Amplicor, Roche). No radioactive isotopes 
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are used, limited expertise is required, and up to 92 
specimens and controls can ‘be assayed simultane- 
ously with a turnaround time of 4—5 h (Bauwens et al 


1993a), The commercial PCR system for detection- 


of C. trachomatis has been applied to endocervical 
specimens in women (Bass et al 1993, Bauwens 
et al 1993a) and first-catch urine specimens in men 
(Bauwens et al 1993b) and compared with culture 
of endocervical and urethral swabs respectively. PCR 
assay in urine was found to be more sensitive than 
urethral culture (Bauwens et al 1993b). In one study 
an unexpectedly low sensitivity of PCR compared 
with endocervical. culture (60%) was attributed to 
inhibitors in the specimens and/or swabs‘and thought 
to be preventable by modification of the specimen 
processing protocol (Bass et al 1993). These observa- 
tions emphasize the importance of careful evaluation 
of new commercial kits in clinical laboratories 
and modifications to test protocols, if necessary, by 
the manufacturers, However, once established, the 
manufacturer’s instructions should be followed 
meticulously, 


Serological tests for chlamydial 
antibody 


Serological diagnosis of infection usually depends 
on demonstration of seroconversion or a significant 
increase in IgG or total antibody level and/or the 
presence of specific IgM. Often, neither is found in 
genital infection due to C. trachomatis because initial 
infection is often not recognized; an antibody re- 
sponse may not occur, even in culture-proven cases, 
because infection is confined to mucous membranes. 
Moreover, re-infection, which is more likely to be 
clinically apparent, is usually not associated with a 
rising antibody level or IgM. Serology is therefore 
rarely helpful in the diagnosis of acute chlamydial 
genital inf2ction. 

Detection of specific chlamydial IgM is useful in 
the diagnosis of neonatal chlamydial pneumonia. In 
contrast to IgG, which cannot distinguish maternal 
from infant infection, IgM antibody is diagnostic of 
neonatal infection. It is present in moderate to high 
titre at the time of presentation in infants with 
chlamydial pneumonia. Infants with infection local- 
ized to the nasopharynx or conjunctivae may have 
IgM but it is usually present in low titre and does 
not appear until after the onset of infection (Gilbert 
1986). 

Antibody tests are also useful in seroepidemio- 


jogical studies of C. trachomatis infection. They have 


heen used to demonstrate the role of C. trachomatis 
infection in acute salpingitis and its complications, 
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such as ectopic pregnancy or infertility, in which 
chlamydial antibodies have been found more com- 
monly and at higher titre than in controls with normal 
Fallopian tubes (Hawes & Gilbert 1986, Mardh 
1990). 

The standard method used for detection of C. 
trachomatis antibody is micro-immunofluorescence 
using elementary bodies of standard serovars to 
detect serovar-specific antibody (Wang et al 1975, 
Schachter 1991). Alternative methods use reticulate 
bodies as genus-specific antigens (Young et al 1979) 
or inclusions in cells grown on the slide which can 
detect both genus- and type-specific antibodies to 
C. trachomatis (Richmond & Caul 1975). A number 
of ELISA and other tests for C. trachomatis antibody 
are available but their use is limited and cannot be 
recommended for diagnosis or seroepidemiological 
studies without further evaluation (Mattila et al 
1993). 

Serology is also used in the diagnosis of lympho- 
granuloma venereum (C, trachomatis serovar LGV), 
C. pneumoniae infection and human psittacosis 
because the antibody response is more predictable, 
acute infection is more likely to be suspected and 
culture is difficult or associated with a risk of labora- 
tory infection. The traditional method for serological 
diagnosis of psittacosis and LGY is a complement 
fixation (CF) test using paired sera, tested in parallel 
to demonstrate seroconversion or a significant rise 
in antibody titre. This demonstrates genus-specific 
antibody and there is considerable cross-reactivity 
between different types of infection. Before the 
discovery of C. pneumoniae as a human pathogen, 
some cases of respiratory infection were almost 
certainly incorrectly diagnosed as psittacosis, on 
the basis of a four-fold or greater increase in CF 
antibody. Interpretation depends on the context, 
including clinical manifestations, a history of expo- 
sure to sick birds (which would suggest psittacosis) 
and the presence of other similar cases of human 
respiratory infection (which suggests C. pneumoniae 
infection). 

More recently, micro-immunofluorescence has 
also been used to detect specific antibody to C. 
pneumoniae. It can be adapted to detect either IgG 
or IgM, which helps to distinguish recent from past 
infection (Grayston 1989). The first episode of 
C. pneumomae infection is associated with a prompt 
chlamydia CF antibody response, with the appear- 
ance of species-specific IgM by immunofluorescence 
about 3 weeks and IgG 6-8 weeks after onset. In 
re-infection there is no CF and no IgM antibody 
response but specific IgG rises within 1-2 weeks 
and may réach very high levels (Grayston 1989). 
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METHODS» 
Transport medium 


Sucrose phosphate saline (2SP),; 0.2M sucrose in 
0.02 M phosphate. 
Dissolve separately in c. 300 mi of deionized water: 


KH,PO, 1.019 
Sucrose 68.46 g 


Combine the solutions and adjust to 1000 ml with 
deionized water. Sterilize using an 0.2 um pore-size 
filter. Aseptically add antibiotic solutions to obtain final 
concentrations of gentamicin 50 mg/litre, vancomycin 
100 mg/litre and amphotericin B 50 mg/litre. Dispense 
in 1-2 ml volumes in sterile screw-cap vials containing 
three or four sterile-glass beads (to aid disruption of 
cells). 


Preparation of cell monolayers 


1. Inoculate flat-sided flask or bottle with cells in 
growth medium — Eagle’s MEMNE containing 8% fetal 
calf serum and gentamicin 20 mgj/litre. Incubate at 37°C. 

2. If confluent monolayer has not developed within 
5 days, change growth medium 2 days before 
monolayer is required. 

3. Disperse celis with 0.05% (w/v) trypsin and 0.02% 
(w/v) versene {disodium ethylenediaminetetraacetic 
acid, EDTA) in calcium- and magnesium-free phos- 
phate buffered saline, for 10-15min at ar Ae. 
Resuspend cells in growth medium, then dilute to a 
concentration of 4 x 10° cells/litre. 

4, Dispense 0.5m! into 5 ml flat-bottomed poly- 
styrene or bijou bottle containing a 12mm glass 
cover-siip. 

5. Incubate at 37°C in 5% CO, for 18-30 h to allow 
cells to adhere to cover-slip and form a monolayer. 
The monolayer should be 90% confluent. Check pH 
(7.2-7.4). 


inoculation and incubation of cell 
cultures 


1. Decant growth medium from vials and replace 
with 0.25 ml of fresh growth medium. 

2. Rapidly thaw frozen specimens. Shake with glass 
beads for 4 min. Add 0.2—0.5 m! specimen to each of 
two vials. Include a positive control at least once a 
week or with each new batch of cells or medium, 

3. Centrifuge horizontally. at 35-37°C for 1h at 
4000-6000 g. 


629 


4 PRACTICAL MEDICAL MICROBIOLOGY 


4. Incubate at 35°C for 1-2h to equilibrate, then 
pour off medium and replace with maintenance 
medium — MEMNE containing 2 mM glutamine, 5-10% 
inactivated fetal calf serum, vancomycin 100 mgj/litre, 
gentamicin 50 mg/litre, amphotericin B 50 mgjlitre, 
cycloheximide 1—2 mg/litre (should be titrated for each 
batch). 

3. Incubate for 36-72 h at 35°C. 


Fixing and immunofluorescence staining 
of cover-slips 


1. Decant medium and rinse cover-slip twice with 
PBS. 

2. Fix with 95% methanol at room temperature 
for 10 min. ; 

3. Remove cover-slip from vial and place on 
microscope slide. . 

4. Add FITC-labelled monoclonal antibody solu- 
tion; incubate and read according to manufacturer's 
instructions. 

9. Examine cover-slip with good quality fluores- 
cence microscope for apple-green inclusions. Scan 
at x100 and confirm at x400-1000 magnification. 


Note: The cell culture method can be adapted for use 
in microtitre trays (Yoder et al 1981), and the cell 
monolayer can be stained with iodine, if cell lines 
other than HeLa 229 are used (Schachter 1991); or 
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In recent years, virus diagnosis has been transformed 
from a largely retrospective procedure into a process 
that is, in general, rapid enough to be of direct use 
in patient management. We begin this chapter by 
considering the principles underlying the laboratory 
diagnosis of virus infections, in order to demonstrate 
that successful diagnosis is heavily dependent on 
correct choice and timing of specimens. Several 
prominent human infections have been chosen to 
exemplify the relationship between pathogenesis and 
diagnosis. The remainder of the chapter deals with 
specimen collection and various aspects of laboratory 
practice, including laboratory design, specimen re- 
ception, total quality management, quality assurance 
and reporting of results. 


PRINCIPLES OF VIRUS DIAGNOSIS 


The diagnosis of a virus infection can be established 
in several ways, often used together, namely: 


1. Detection of virus particles, viral antigen or viral 
nucleic acid in specimens taken from the appropriate 
site (Ch. 39). 

2. Culture of infectious virus from appropriate 
clinical specimens (Ch. 40). 

3, Serological tests to detect specific antiviral anti- 
bodies (Ch. 9). In special circumstances, it is appro- 
priate to demonstrate the presence of a cell-mediated 
immune response rather than antibodies by, for ex- 
ample, lymphocyte proliferation or skin test reactions 
to viral antigen. 

4, Cytological or histological examination of cells 
from the site of the infection in those viral infections 
in which a characteristic viral cytopathic effect (CPE) 
is produced. 


Effective use of laboratory tests is heavily dependent 
on knowledge of viral pathogenesis. It is especially 
important to be aware of the changing locations and 


amounts of virus at different stages of the illness and 
of the patterns of antibody response in the various 
immunoglobulin classes. The following examples 
demonstrate the impact of pathogenesis on the 
diagnostic process. Approaches to the diagnosis of 
a wider range of virus infections are summarized in 
Tables 38.1 and 38.2 at the end of this chapter. 


Acute infections at mucosa! surfaces 


Many viruses tend to remain localized to the portal of 
entry into their hosts, where destruction of infected 
cells may become clinically evident as little as a day 
or two after infection. Many respiratory agents, such 
as influenza, parainfluenza and respiratory syncytial 
viruses fall into this category. 


Acute respiratory infections — catch them if you 
can 


Influenza is a useful model for this category of 
infection. Symptoms of influenza, which include 
headache, fever, cough, shivering and malaise, typi- 
cally begin 2-3 days after infection. In most cases 
virus remains localized to the upper respiratory tract 
where it replicates in ciliated columnar epithelial 
cells. Cough is the only symptom caused directly 
by viral cytopathology. The systemic symptoms are 
thought to be caused by release into the bloodstream 
of cytokines such as interferon. Infectious virus is 
present in the upper respiratory tract for only 2-5 
days around the onset of illness and consequently, 
to maximize the chance of a definitive diagnosis, 
samples for virus culture must be taken from the 
nasopharynx as soon as possible after the onset of 
illness. The best specimens for virus isolation are 
nasal washings and nasopharyngeal aspirates. Other 
specimens from which influenza virus can be isolated 
include throat swabs, nasopharyngeal swabs and 
bronchoalveolar lavages. 

Antibodies to the haemagglutinin (FHA) molecule 
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form an important part of the immune response to 
influenza virus and detection of such antibodies is a 
useful indicator of infection in humans, Haemag- 
glutination inhibition is the most commonly used 
test for anti-HA antibodies, which can be detected in 
the blood 8-12 days after the onset of infection. 

The principles underlying the diagnosis of para- 
influenza and respiratory syncytial virus infections 
are similar to those of influenza, i.e. virus detection 
is the mainstay of definitive diagnosis, supplemented 
where necessary by serology. 


Adenovirus infections — more than meets the 


Replication of adenoviruses in the eye and mucosa! 
cells of the upper respiratory tract causes conjunc- 
tivitis and pharyngitis respectively. Like ortho- and 
paramyxoviruses, adenoviruses can be recovered 
from the site of disease for a short period only and 
therefore, to obtain a definitive diagnosis by virus 
culture, nasopharyngeal and/or conjunctival swabs 
should be taken as soon as possible after the onset 
of illness. However, adenoviruses often grow in the 
gut, where replication tends to be more prolonged 
than at other sites. Therefore, circumstantial evi- 
dence in support of recent adenovirus infection 
may be obtained by detection of infectious virus, of 
an appropriate serotype, in faeces at times when other 
sites are culture negative. : 

Finally, a rising specific antibody titre betwee 
acute and convalescent serum samples may be a 
useful adjunct to virus detection in the diagnosis of 
adenovirus infection. 


Acute systemic infections 


Instead of remaining localized to the portal of entry, 
some viruses spread via the bloodstream, nerves 
or lymphatic system to one or more internal ‘target? 
organs. he first symptoms of disease are often the 
result of viral cytopathic or immunologically medi- 
ated damage to the target organs and, consequently, 
systemic infections tend to have longer incubation 
periods than localized infections. By the time a 
patient presents to the doctor, virus may have been 
cleared from the portal of entry and from the blood 
and be limited to a relatively inaccessible site. In 
addition, the antibody response may have reached a 
plateau, i.¢. sequential serum samples have the same 
antibody titre, which may be construed as evidence 
of exposure to the virus concerned, but does not 
distinguish between a current or a past infection. In 
some Cases, virus-specific IgM tests can be used to 
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help resolve this dilemma. Hepatitis A, measles, 
poliomyelitis and rubella have been selected to repre- 
sent various approaches to the diagnosis of acute 
infections. 


Hepatitis A — front-line IgM seroiogy 


Virus (enterovirus 72) enters the body through the 
oropharynx or gut. After a viraernic phase in the 
second part of the incubation period — demonstrated 
in the early experiments with human volunteers — it 
reaches the liver cells. Experiments performed in a 
chimpanzee model show that virus multiplies in the 
liver without producing disease until the cells are 
damaged by the emerging immune response to virus 
antigens expressed on the cell surface. Despite its 
enterovirus-like properties, evidence that it multi- 
plies in the cells of the intestine is lacking, although 
virions are present in the faeces and are presumably 
excreted from the liver into the gut through the bile, 

The incubation period of the disease is about a 
month and, the acute onset of general symptoms 
and hepatitis marks the start of the immunologically 
mediated damage. At this stage, when the patient 
presents to the doctor, the laboratory diagnostic 
approaches are based on the pattern of events just 
described. Although the faeces may be examined for 
virus (virions by EM; antigen by EIA), at this stage 
the number of virions in the faeces is declining 
rapidly. A direct approach to detection of virus in 
liver biopsy specimens is limited by the immune 
clearance of antigen from the liver and, more impor- 
tantly, by the dangers of liver biopsy in acute hepa- 
uitis. Fortunately, serodiagnosis is an effective option 
and hepatitis A is a good example of a virus disease 
in which serological tests offer a quicker and more 
sensitive diagnostic strategy than virus detection 
methods. At the time when hepatitis or jaundice is 
clinically evident, specific IgM antibody has devel- 
oped in the majority of patients; this can be detected 
by EIA, and lasts for some months after the illness 
before declining. Specific IgG antibody develops 
more slowly and an increase in total antibody titre 
can in fact be demonstrated in sera collected 10 days 
apart. The latter test is of less clinical value than 
detection of specific IgM antibody; measurement 
of specific IgG antibody is however of value as an 
indicator of past infection and consequent immunity. 


Measles — a rash decision 


Measles enters the body via epithelial cells of the 
respiratory tract, oropharynx or conjunctivae, where 
replication proceeds asymptomatically. The incuba- 
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tion period of 8-12 days encompasses primary and 
secondary viraemic phases, ending with a prodromal 
illness of fever and malaise, closely followed by 
conjunctivitis and cough and finally the typical mor- 
billiform rash. Koplik’s spots, the pathognomonic 
enanthem of measles, appear on the buccal mucosa 
2—3 days before the onset of the rash. Detection of the 
causative agent in samples taken from the rash 1s 
not a particularly effective procedure for diagnosing 
measles because current virus culture systems are 
insensitive and slow. Further, despite the intensely 
contagious nature of measles, virus cannot reliably 
be recovered from the oropharynx or other mucosal 
sites. It is sometimes possible to demonstrate typical 
multinucleated measles giant cells tn respiratory 
secretions or epithelial cells of the pharynx, buccal 
mucosa or conjunctivae. Such cells are present until 
the second or third day of the rash. Detection of viral 
antigen in cells recovered from mucous membranes 
probably offers the most sensitive approach to rapid 
diagnosis but there remains room for considerable 
improvement. Measles-specific antibodies become 
detectable in the serum at around the time of erup- 
tion of the rash and specific IgM tests are available 
for use on single early serum samples. In addition, 
seroconversion or a greater than four-fold rise in 
antibody titre between acute and convalescent serum 
samples can provide useful confirmation of the 
diagnosis. After recovery from infection, anti-measies 
IgG remains detectable for life. 


Poliomyelitis — a disease with an inaccessible 
target organ 


Like hepatitis A virus, poliovirus enters the host 
via the oropharynx and gut. Virus probably replicates 
in gut-associated lymphoid tissue before reaching the 
bloodstream via draining lymph nodes or the thoracic 
duct. Viraemia occurs prior to the onset of disease 
and is of no diagnostic use. Blood-borne virus infects 
the anterior horn cells of the spinal cord and cells 
of the motor cortex in a minority of infected hosts; 
in these cases, destruction of motorneurones by 
poliovirus is the cause of poliomyelitis. Minor, abor- 
tive forms of poliovirus infection may take the form 
of a flu-like illness or aseptic meningitis. 

Definitive diagnosis of paralytic poliomyelitis 
requires examination of the target organ, which can 
be done only in fatal cases of the disease or in cir- 
cumstances in which brain biopsy has been done for 
other reasons. In such circumstances, poliovirus can 
be isolated from brain or spinal cord, albeit with dif- 
ficulty, perhaps due to masking of virus by antibody. 
Otherwise, the conclusion that CNS disease is the 


result of poliovirus infection must rest on circum- 
stantial evidence. Curiously, it is rare to isolate 
poliovirus from lumbar CSF, in contrast to other 
enterovirus infections of the nervous system. In fact, 
the best source of virus is the faeces; in contrast to 
hepatitis A, excretion of virus is prolonged and may 
last for a fortnight or more after the onset of illness. 
However, polioviruses, particularly live vaccine 
strains (oral poliovirus vaccine), are found from time 
to time in the faeces of healthy persons or those with 
clearly unrelated diseases. Thus, the coincidence 
of atypical or equivocal paresis and an unrelated tran- 
sient gut carriage of virus may give rise to substantial 
problems of clinical interpretation. In other words, 
the conclusion that a poliomyelitis-like illness is 
caused by poliovirus, because the latter has been iso- 
lated from the faeces, is not one of absolute certainty. 

Serological tests may not resolve this problem. 
Rising CF or neutralizing antibody titres may be 
found in children experiencing a first and severe 
infection. However, in older patients who already 
have antibody to one or other of the serotypes of 
poliovirus or to other enteroviruses, the heterotypic 
CF antibody response may be boosted and be high 
or unchanging at the time of serum sampling; it may 
therefore be difficult to obtain clear evidence of a 
current infection with the prevalent virus or that 
isolated from the patient’s gut. 


Rubella — a threat to the fetus 


Rubella is discussed here because of its association 
with severe congenital malformations when primary 
inflection is contracted during early pregnancy. ‘The 
approach to rubella in pregnancy requires a detailed 
understanding of the pathogenesis of infection in 
both the mother and fetus. Problems fall into three 
main categories, namely development of a rubella- 
like illness in the expectant mother, contact with a 
known case of the disease during pregnancy, and 
diagnosis of congenital rubella infection in an infant. 
In the mvestigation of a rubella-like illness or a con- 
tact situation, assessment of the expectant mother 
is greatly facilitated by prior knowledge of rubella 
immune status, because maternal re-infection with 
rubella is considered to be a much lower risk to the 
fetus than primary infection. Serological screening 
for rubella immunity is therefore an important part 
of antenatal care. 

Clinical signs and symptoms of rubella infection 
are not pathognomonic and consequently, in the 
event of a rubella-like illness during pregnancy, de- 
finitive diagnosis is always reliant on laboratory tests. 
Serological tests are the mainstay of diagnosis 
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because culture of rubella virus from the mother is 
not a sufficiently rapid or reliable technique for 
the purpose in question. The serological response to 
rubelia virus can be measured by a variety of té¢h- 
niques, each with particular merits that are discussed 
in detail by Best & O’Shea (1988). Antibodies de- 
velop at about the same time as the rash, 16—21 days 
after exposure, Depending on the method of analysis, 
the antibody titre may continue to rise over several 
weeks and consequently the demonstration of a 
significant rise in rubella-specific antibodies in con- 
_ secutive serum samples is an important indicator of 
infection. The predominant class of rubella-specific 
antibody detected at the onset of the illness is IgM 
and antibodies of this class persist for a few weeks 
to many months, depending on the sensitivity of the 
assay. Detection of rubella-specific IgM is therefore 
a useful indicator of recent primary infection and 
becomes the front-line diagnostic test in situations 
where speed is required or demonstration of a rising 
titre is not possible, e.g. when the first available 
serum sample was taken at a time when the antibody 
response had reached a plateau. In situations where 
test results are equivocal, or when maternal infection 
occurs later than the first trimester, prenatal testing 
for anti-rubella IgM antibodies in fetal blood may 
assist In determining whether the fetus is infected 
(Enders & Jonathan 1987). 

In the event of a contact between an expectant 
mother and a suspected or known case of rubella, 
there is no substitute for prior knowledge of rubella 
immune status. Seropositive mothers can be reassured 
that contact constitutes a minimal risk to the fetus. 
In contrast, seronegative mothers must be monitored 
clinically and serologically throughout early preg- 
nancy for evidence of primary infection. When the 
prior immune status is not known, two lines of inves- 
tigation are indicated. First, it is useful to obtain 
laboratory confirmation of the diagnosis of rubella 
in the index case, whenever possible. Second, the 
‘window’ between contact and development of anti- 
body, corresponding to the incubation period, pro- 
vides an opportunity to test for immunity. Detection 
of virus-specific antibodies within the window period 
provides strong circumstantial evidence of prior 
infection with rubella virus. To minimize potential 
problems in future pregnancies it is recommended 
that seronegative mothers are immunized postpartum. 

A diagnosis of congenitally acquired rubella infec- 
tion can be confirmed by the laboratory in three 
ways. First and foremost, detection of rubella- 
specific IgM antibodies in the serum of an infant is 
a reliable indicator of infection because antibodies 
of the IgM class do not cross the placenta, and 
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therefore cannot be of maternal origin, Second, iso- 
lation of rubella virus from the infant provides 
definitive evidence of infection. Finally, although 
anti-rubella IgG antibodies may be of maternal 


origin, their persistence beyond about six months of 


age strongly suggests infection in the infant. 


Persistent infections 


Many of the world’s major public health problems 
are attributable to viruses that persist in their hosts. 
Persistent infection confers on a virus an enormous 
survival advantage which compensates, for instance, 
for an inefficient route of transmission (e.g. trans- 
mission by direct contact). Most persistent virus 


infections are associated with long asymptomatic 


periods, a corollary of which is that infection is 
usually much more prevalent than disease. The 
approach to diagnosis depends on whether the aim is 
to demonstrate infection of the host or to link the 
virus in question to an episode of disease. Hepatitis 
B and C viruses, herpesviruses and human immuno- 
deficiency virus are prominent examples of agents 
that persistently infect humans. 


Hepatitis B — antigen detection par excellence 


Hepatitis B virus (HBV) is associated with acute 
and chronic hepatitis and chronic infection is a pre- 
disposing factor for hepatocellular carcinoma. The 
infection is endemic in most regions of the globe. In 
some areas, notably parts of China and South East 
Asia, perinatal (mother to baby) transmission ap- 
pears to be the major factor determining the overall 
prevalence of hepatitis B infection. In most other 
regions, spread of HBV is primarily by sexual con- 
tact. However, in all endemic areas, direct inocula- 
tion of infected blood, e.g. by transfusion, or by 
needle sharing among intravenous drug abusers, or 
by abrasion during contact sports, is to some extent 
a factor in the transmission of hepatitis B. 

From a diagnostic viewpoint, an important charac- 
teristic of HBV infection is the presence of detectable 
amounts of viral antigen and/or viral particles in the 
blood of infected individuals. Of particular note is 
the hepatitis B surface antigen (HBsAg) which corre- 
sponds to a virion surface protein. In blood, HBsAg 
is associated with virus particles and, as a result of 
over-production by infected hepatocytes, it also 
circulates in significant amounts in a virus-free form. 
It follows that HBsAg is a useful marker of current 
HBV infection but a relatively poor indicator of 
infectivity, in that its presence is not a direct measure 
of the presence of virions. Tests for the latter fall 
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into two categories, namely detection of antigens 
associated with the virus core (notably a soluble 
component of the HBV core, HBc, designated the ‘e’ 
antigen) and detection of HBV DNA. Sensitive and 
specific tests (ELAs and RIAs) have been developed 
for detection of soluble HBV antigens in body fluids. 
Hepatitis B has a long incubation period and HBsAg 
can be detected in the blood several weeks prior 
to the onset of jaundice or any biochemical evidence 
of liver damage. HBeAg and HBV DNA are also de- 
tectable well before the onset of hepatitis, suggesting 
that viral replication per se may not be the direct 
cause of hepatocellular damage. Rather, cell injury 
may be a function of the immune response. Most 
adults with acute hepatitis B do not become persist- 
ently infected, i.e. HBsAg, HBeAg and HBV DNA 


. are cleared from the blood and liver during convales- 


cence. The majority of perinatally infected infants 
and a small proportion (c. 5%) of adults become 
chronically infected, i.e. virus is not cleared from 
the blood or liver. Persistent HBs antigenaemia 
(>3 months) is characteristic of chronic infection; 
persistence of HBeAg (or HBV DNA) indicates 
active viral replication, which is associated with high 
infectivity and an increased risk of chronic liver 
disease. 

Anti-HBs (i.e. HBsAb) and anti-HBe (i.e. HBeAb) 
are not detected in blood until after clearance of 
the corresponding antigens. Anti-HBs is a useful 
indicator of immunity to HBV because it reflects 
either past infection or immunization. Anti-HBe and 
anti-HBc are produced in response to natural infec- 
tion but not immunization, because HBV vaccine 1s 
comprised solely of surface antigens. Only one anti- 
HBV response, namely anti-HBc antibodies of the 
IgM class (‘core’ IgM), develops during the acute 
phase of hepatitis B. Indeed, core IgM is a transient 
marker of acute infection and consequently core 
IgM tests are useful for distinguishing acute from 
chronic hepatitis B in HBsAg positive patients. Fur- 
ther, in some patients there is a window between 
clearance of HBsAg from blood and development 
of anti-HBs, during which core IgM may be the only 
serological marker of HBV infection. 


Henatitis C - a niche for PCR? 


Hepatitis C virus (HCY) causes a parenterally trans- 
mitted acute (often subclinical) hepatitis with a high 
propensity towards chronicity. At the time of writing 
the causative agent has not been seen or cultivated 
but molecular biological techniques have allowed its 
RNA to be characterized, leading to provisional 
classification of HCV as a flavivirus. As might be 


expected, the prevalence of HCV infection is highest 
among past or present intravenous drug abusers. 
Diagnostic tests for HCV are in their infancy. Anti- 
body tests rely on the use of synthetic peptide antigens 
with amino acid sequences deduced from analysis 
of HCV genomic RNA isolated from the blood of 
humans or experimentally infected chimpanzees. 
With currently available tests, seroconversion in 
response to acute infection is slow and therefore the 
major value of HCV antibody tests is in the identifi- 
cation of past exposure to the virus, which includes 
the screening of blood for transfusion. It is likely 
that new generations of tests incorporating a wider 
range of synthetic antigens will be of greater use in 
diagnosis of current infection. Specific detection of 
IgM antibodies may also prove to be useful in this 
context. Independent confirmation that a positive 
antibody test is a true reflection of the patient’s HCV 
serological status is currently a problem. Demon- 
strating reactivity between serum and the widest 
possible range of recombinant antigens is probably 
the best way to reduce the likelihood of spurious 
results. Viral RNA can be detected in the blood of 
infected patients by reverse transcriptase/polymerase 
chain reaction (PCR) techniques but, at least in 
laboratories that process large numbers of specimens, 
this methodology is currently too expensive to be 
regarded as a confirmatory or follow-up test for all 
sera reactive in the antibody tests. At this time, we 
favour the use of PCR in a subset of antibody-positive 
patients whose liver function tests are normal. 


Herpes simplex virus — classical latency 


Herpes simplex viruses types 1 and 2 (HSV-1 and 2) 
have a high impact on the community owing to an 
extremely high prevalence of infection, sexual trans- 
missibility, occasional association with serious ill- 
nesses such as encephalitits and, most of all, their 
ability to establish latency in the peripheral nervous 
systems of infected hosts. The significance of latent 
infection is that it can periodically give rise to recru- 
descent disease and the approach to diagnosing 
herpes simplex must take into account its complex 
pathogenesis. 

Serological studies indicate that HSV infection is 
much more prevalent than HSV-associated disease 
(Bolognese et al 1976). Recurrent shedding of HSV 
is frequently inapparent and is common in people 
with no history of herpes simplex, i.e. asymptomatic 
primary infection, followed exclusively by asympto- 
matic recurrences, is a common scenario. Studies 
of asymptomatic shedding of HSV from the genital 
tract have shown that, at any time, infectious virus 
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can be detected in 0.2 to 1% of all adult females 
(males have not been studied in such detail), irre- 
spective of history (Prober et al 1988). Episodes 
of asymptomatic shedding are transient (1—4 days), 
occur with an unpredictable frequency and represent 
an important mode of transmission of HSV. Clini- 
cally apparent recurrence (recrudescence) may fol- 
low an asymptomatic primary infection, from which 
it follows that an initial attack of herpes simplex 
(i.e. the first clinical episode) does not necessarily 
indicate recently acquired infection. 

Detection of virus in suspected lesions is the 
mainstay of herpes simplex diagnosis but, bearing 
in mind the pathogenesis and epidemiology ‘of HSV 
infection, a positive result clearly does not have a 
100% accurate positive predictive value. Consider, 
for instance, a positive culture result from an atypical 
genital lesion suspected to be herpes simplex. The 
result provides strong circumstantial evidence that 
HSV is causally related to the lesion but it is not 
definitive proof; remember, up to 1% of all genital 
swabs are HSV positive at any moment in time, 
as a result of spontaneous asymptomatic viral 
shedding. 


Human immunodeficiency virus infection — 
betrayed by antibody | 


Transmission of human immunodeficiency virus 
(HIV) is primarily sexual, although parenteral in- 
oculation takes on great significance in relation to 
transfusion of blood or blood products and intra- 
venous drug abuse. Primary HIV infection, which is 
often asymptomatic or unrecognized, is followed by 
a long period of quiescence during which infectious 
virus is present in blood and body fluids. AIDS 
and other HIV-related illnesses are therefore a late 
manifestation of infection. 

The grave outcome of HIV infection has prompted 
rapid development of tests for diagnosis and screen- 
ing. Detection of anti-HIV antibody (e.g. by enzyme 
Immunoassay) provides a sensitive indicator of 
infection. Seroconversion typically occurs 3-6 weeks 
after exposure to virus but is occasionally delayed for 
several months. All positive screening test results 
must be confirmed by Western blotting to ensure 
that the reactions are specific for HIV proteins. 
Qualitative and quantitative measures of virus load 
are of particular use in monitoring the efficacy of, and 
escape from, anti-HIV therapy. Antigen (p24) detec- 
tion methods are of potential value but currently 
lack sufficient sensitivity to be uniformly applicable. 
Virus culture, though labour-intensive, has proved 
useful, and detection of HIV RNA by reverse tran- 
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scriptase/polymerase chain reaction (PCR) tech- 
niques is a rapid, powerful and very sensitive test 
for the presence of viral genomes in blood. In addi- 
tion to monitoring therapy, virus culture is important 
in the assessment of neonates born to HIV-infected 
mothers. Under these circumstances, serum anti- 
HIV antibody is not a definitive indicator of infection 
because antibodies may have been acquired passively 
from the mother. Detection of virus in neonatal 
blood provides confirmation of infection. 


Varicelia-zoster 


Varicella-zoster virus (VZV) is a herpesvirus related 
to. HSV. Primary VZV infection (varicella; chicken- 
pox) is-an acute systemic infection, the pathogenesis 
of which is largely a matter of speculation because, 
at the time of writing, there are no satisfactory experi- 
mental models of the disease. The portal of entry 


of varicella is thought to be either the respiratory - 


mucosa and oropharynx or the conjunctivae. Follow- 
ing replication at the portal of entry, virus spreads 
via the bloodstream to the reticuloendothelial 
system, where it replicates for the remainder of the 
incubation period. The characteristic vesicular rash 
of varicella follows a secondary viraemic phase which 
lasts for about 3 days and VZV-specific antibodies, 
including IgM antibodies, become detectable around 
this time. In mild cases or in immunosuppressed 
patients the diagnosis of varicella may require la- 
boratory confirmation. The diagnostic procedure of 
choice is detection of the infectious agent in samples 
taken from the rash. Freshly erupted vesicles contain 
cell-associated infectious virus but virus cannot 
be recovered from older, crusted lesions. Varicella- 
zoster virus grows slowly in cell culture, often taking 
more than a week to produce.characteristic cyto- 
pathic effects. Detection of VZV antigens by direct 
or cultured-amplified immunoassay is a much faster 
alternative to virus culture and can be done on the 
same sample (i.e. fluid from a freshly erupted vesicle 
and debris from the base of the de-roofed lesion, 
collected on a cotton-wool swab). VZV-specific 
antibody titres start to rise within a few days of ap- 
pearance of the rash and therefore retrospective 
confirmation of diagnosis may be obtained by dem- 
onstrating a rise in antibody titre between acute 
and convalescent serum samples. Detection of VZV- 
specific IgM antibody in an acute serum sample may, 
on occasion, be a useful adjunct to viral antigen 
detection. After recovery from varicella, VZV anti- 
bodies can be detected for decades by sensitive tests 
such as enzyme immunoassay or immunofluores- 
cence, These tests are therefore useful markers of 
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past exposure and hence immunity to varicella. In 
contrast complement fixing antibodies often decline 
to undetectable levels within a few months of recov- 
ery from infection and therefore the complement 
fixation test is not a suitable screen for immunity. 

Like HSV, VZV latently infects sensory ganglia. 
Recrudescence of infection (herpes zoster; shingles) 
is manifested as a painful blistering rash, restricted 
mainly to a single dermatome. The prevalence of 
shingles increases with increasing age, perhaps as 
a result of immune senescence. Individuals rarely 
experience more than one episode of true shingles 
but recurrent zosteriform rashes caused by HSV 
sometimes mimic the disease. If laboratory confirma- 
tion of the diagnosis is required, detection of infec- 
tious virus and/or viral antigens in vesicle fluid are 
the methods of choice. 
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COLLECTION OF F SPECIMENS FOR | 
VIRUS DIAGNOSIS 


From the foregoing it should be clear that the prin- 
ciples for the optimal selection of specimens for 
virus diagnosis are fairly simple and are apparent as 
answers to four questions, namely: (1) Where is the 
virus at this stage of the disease; is the site accessible 
without invasive measures or is it necessary to sample 
a secondary site? (2) Can virions, antigens or specific 
nucleotide sequences be detected at the lesion site? 
(3) Can the virus be grown readily in cell culture 


(e.g. herpes simplex virus or enterovirus), or is it 


slow-growing (e.g. varicella-zoster virus), or not 
presently cultivable (e.g. hepatitis B virus)? (4) What 
are the kinetics of the antibody response in the sus- 
pected disease and is it necessary to collect ‘paired’ 
sera or will measurement of specific IgM antibody 
in a single sample suffice? The answers to these 
questions differ from one virus group to another. 

In practice, patients rarely present with clinical 
symptoms and signs that point unequivocally to a 
single causative virus. More commonly they exhibit 
a syndrome which may be due to one of several 
different infective agents. For example ‘influenza’ or 
acute respiratory disease may result from infection 
with not only influenza virus but also adenovirus, 
parainfluenza virus, respiratory syncytial virus, corona- 
virus, rhinovirus and a number of other pathogens, 
including bacteria, although it is conceded that 
there may be fine points of difference in the clinical 
presentation or the epidemiological circumstances 
that will point to the involvement of one particular 
agent. It follows therefore that a broad approach is 
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necessary and samples should be collected for virus 


detection and serological tests. 


In general, specimens collected for virus detection 
take the form of (1) swabbings of lesion sites (e.g. 
skin, throat) with swab heads transferred to viral 
transport medium (VT'M), (2) scrapings of lesions to 
obtain infected cells (e.g. bases of vesicles, corneal 
ulcers), (3) aspirates of secretions or exudates (€.g. 
from posterior nasopharynx, conjunctiva, cervix), (4) 
excreta such as urine or faeces, and (5) biopsy speci- 
mens obtained by needle aspiration, open explora- 
tion or endoscopy from liver, kidney, heart, lung, 
brain or intestine. If virus isolation is to be attempted 
from peripheral blood leucocytes, blood is collected 
into a tube containing preservative-free heparin 
and the buffy coat cells are separated from red cells 
by centrifugation through a ficoll-hypaque density 
gradient. For serological tests, blood samples are 
obtained by collection of 10 mi of blood into a dry 


sterile container. 


The choice of the correct specimens (see the 
preceding section and Ch, 39) and the adequacy of 
the samples taken are critical factors influencing the 
outcome of diagnostic procedures. In the authors’ 
experience, the best results are obtained when speci- 
mens have been collected by staff trained by the la- 
boratory. For reference purposes, several of the most 
important specimen collection procedures for virus 
diagnosis are described below. A suitable formula 


for VIM is described in Chapter 40. 


Cervical swab 


1. Visualize the cervix using a vaginal speculum. 


2? Use a sterile cotton-wool swab to remove 


mucus from the endocervix. Discard swab. 


3. Collect cervical epithelial cells by rolling a fresh 
cotton-wool swab around the transitional zone of 


the endocervix. 


4. Avoid contact between swab and vaginal wall 


on removal. 


5. Break off swab head into viral/chlamydial trans- 
port medium and transport to laboratory as soon as 


possible. 


Conjunctival swab 


1. Moisten a sterile cotton-wool swab with virus 


transport medium or sterile physiological saline. 


2. Pull down lower eyelid and swab lower 


conjuctiva to collect cells. 


3. Ifboth eyes are to be tested, use a separate swab 
for each eye. After sampling, the swab heads can be 


placed in the same VTM container. 
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Nasopharyngeal aspirate 


1. Connect one arm of an 8-gauge Y suction 
catheter to a disposable aspiration trap. Connect 
trap to suction apparatus or wall suction unit. 

2. Remember to hold the suction trap upright 
at all times (otherwise the specimen bypasses the 
container). 

3. Gently insert catheter into patient’s nostril 
and hence into upper pharyrix (usually easier through 


left nostril but use right side if unsuccessful). In an 


adult, insert the catheter 7-8 cm; in children, length 
inserted depends on age. Hold babies in a sitting-up 
position because they are less likely to vomit. 

4. After catheter is inserted into nostril, apply 
intermittent suction by placing thumb or finger over 
end of free arm of Y suction catheter. 

5. Continue to apply intermittent suction while 
slowly withdrawing catheter and collecting mucus. 
Whole process should take approximately 5-10 
seconds depending on amount of mucus present. 

6. Wash the specimen into the trap by sucking 
4-5 ml of virus transport .medium through the 
catheter. 

7. Remove tube and suction from trap and seal 
tightly. Label specimen and include date of onset of 
ulness on request form. 


Stool 


1. Collect a walnut-sized stool specimen into a 
suitable clean container. 

2. Refrigerate specimen to retard growth of bac- 
teria and transpoit to laboratory as soon as possible. 


Throat swab 


1. Vigorously rub tonsils and posterior pharynx 
with a cotton-wool swab moistened with VIM or 
sterile physiological saline. 

2. Break off swab head into VTM and send sample 
to laboratory as soon as possible. 


Urethral swab 


1. Insert a fine aluminium-shafted cotton-wool or 
Dacron swab 2-4 cm into the urethra. 

2. Rotate swab 2—3 times and remove. 

3, Place swab in VIM (no antibiotics). Transport 
to laboratory immediately, if possible. 


Vesicle fluid 


1, Select a fleshly erupted vesicle, preferably con- 
taining clear fluid. 
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2. Carefully puncture the vesicle and collect the 
fluid on a cotton-wool swab. 

3. Rub the base of the lesion with the same swab. 

4. Break off head of swab into VTM and transport 
to laboratory as soon as possible, 
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DOCUMENTATION OF REQUESTS 


Certain basic information is required as part of the 


request in order to ensure unequivocal identification’ 


of the patient (viz., surname, given name, sex, date 
of birth and record number for hospital inpatients), 
and of the sender or so-called ‘requester’ (viz., printed 
name, practice address or hospital and ward and 
telephone number). In addition, space is provided 
for a description of the specimen (e.g. clotted blood, 
urine, etc.), the date of request, the date and time of 
collection and finally brief clinical information and 
provisional diagnosis. Of special importance in the 
interpretation of many virology tests is the date 
of onset of the illness; a separate space should be 
provided for this information. A space is normally 
reserved for a laboratory number stamped, entered 
with a stamping machine or preprinted on a label; 
if the request form is to be used as a worksheet, a 


space is normally reserved for ‘laboratory use only’ — . 


not infrequently on the reverse of the form. 

It is sad to record that the collection of specimens 
and the completion of request forms by medical 
or nursing staff often leaves much to be desired; 
indeed the date of onset of illness is one of the most 
closely guarded secrets! Our experience shows that 
better samples are obtained if a specially trained 
nursing sister or laboratory worker visits the wards, 
collects the specimens — or is present when the 
doctor collects a sample requiring special invasive 
techniques (e.g. liver biopsy) ~ and documents them 
according to agreed procedures. A specimen collec- 
tor is also invaluable in obtaining blood samples from 
children (constant practice is important) and in 
ensuring that samples are transmitted promptly to 
the laboratory in the hospital or via the courier service 
if the laboratory is at a distance. 


TRANSPORT OF SPECIMENS 


Specimens for isolation of infectious virus or for 
chlamydia culture should be transported to the 
laboratory without delay, in order to maximize re- 
covery. When short delays are unavoidable, or during 


' transport over long distances, optimum preservation 
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of infectivity is obtained by placing the container 
in melting ice or refrigerating the sample at c. 4°C. In 
general, freezing the specimen should be avoided 
but if long delays are inevitable (> 48 h), specimens 
should be frozen at -70°C, not —20°C. In the hospital 
environment, taking specimens at night should be 
avoided but when this practice is unavoidable, it is 
important that staff are instructed to place the con- 
tainers in the fridge rather than the freezer com- 
partment. Specimen transport is discussed in detail 
by Madeley et al (1988). 

The transport from a single point ‘of origin of a 
large number of specimens inside a single plastic 
bag should be strongly discouraged. In this situation, 
a single leaking container can lead to wastage of all 
the specimens in the bag. The leak may also not be 
apparent until the bag has been opened, unneces- 
sarily exposing the staff to a potential source of 
infection. When a particular sender initiates a large 
number of requests, the most satisfactory transport 
system is to provide racks to keep the blood bottles 
upright, and to stow the racks inside a sturdy insulated 
container provided with a carrying handle. 


IATA regulations 


Transport of pathology specimens by air is governed 
by strict guidelines laid down by the International 
Air Transport Association (IATA). For details of 
specific responsibilities and special arrangements, 
the reader is advised to check current IATA regula- 
tions. In summary, it is the shipper’s responsibility 
to ensure that the goods do not fall into a category 
that is prohibited for air transport (e.g. live infected 
animals) and that the substances are properly pack- 
aged, identified, classified, marked, labelled and 
documented. Penalties for contravening IATA regu- 
lations are severe. It is a requirement that all goods 
for shipment be packed and labelled by staff who 
undertake specific training, at intervals of not more 
than two years, in accordance with regulations. 

For the purpose of air transport, infectious substances 
are defined as materials containing viable micro- 
organisms, including bacteria, viruses, rickettsiae, 
parasites, fungi, or recombinants, hybrids or mu- 
tants, that are known or reasonably believed to cause 
disease in animals or humans. Diagnostic specimens 
are defined as any human or animal material in- 
cluding, but not limited to, excreta, secreta, blood 
and its components, tissue and tissue fluids, being 
transported for purposes of diagnosis, but excluding 
live infected animals. In terms of packaging and 
labelling requirements, IATA distinguishes between 
(i) diagnostic specimens likely to contain infectious 
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substances (including specimens sent for confirma- 
tory tests), (ii) those with a low probability of con- 
taining infectious substances, and (iii) specimens 
known to be sterile. 


LABORATORY PRACTICE 


Other than the basic principles of laboratory safety 
(Ch. 3), there are no hard and fast rules governing 
the practice of diagnostic virology. Nevertheless, 
there is merit in describing some of the practices 
that many laboratories find useful and also some of 
the commoner pitfalls. 


Laboratory design 


A few general principles are worthy of mention. It 
is mandatory to instal] a hand-basin and hooks on 
which laboratory gowns can be hung next to the 
door of each laboratory. Traffic through work areas 
should be kept to a minimum in order to reduce po- 
tential contamination problems and maximize safety. 
To this end, the specimen reception area should 
usually be placed at the entrance to the department, 
although its location is less critical if specimens are 
delivered by an automated system from a centralized 
institutional reception and specimen-sorting room. 
Kitchen and media production facilities are, con- 
veniently placed in a central location wherever 
possible. | | 

Maintaining flexibility can avoid costly structural 
alterations as needs change. In large departments 
it is usual to divide floor space into a series of stand- 
ard-sized laboratories or units, each with an adjacent 
office. In the authors’ department, each unit occupies 
approximately 40 m°* of floor space with an attached 
office of 9 m*. General serology and hepatitis/HTV 
serology each occupy a single unit and two units 
are devoted to virus detection. Research groups are 
allocated space on a unit by unit basis according to 
need; large scale physical alterations of a customized 
nature that disrupt the basic arrangement are not 
considered appropriate. Sharing of facilities and 
equipment is encouraged. 

Although open-plan layouts have several advan- 
tages over unit-based designs, such as ready access 
to shared equipment, easier supervision of junior 
staff and potentially improved workflow, the benefits 
can sometimes be outweighed by disadvantages such 
as increased background noise and easy distraction 
from the task in hand. If an open-plan layout 1s pre- 
ferred, it is prudent to pay attention to noise control » 
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measures such as acoustic ceiling tiles and limited 
(part glass) partitioning between different functional 
parts of the floorspace. 

If a laboratory is to be refitted or designed from 
scratch, take the opportunity to install a full range 
of services to each bench, including gas, piped CO,, 
piped N, and suction. Larger institutions may also 
be able to supply piped liquid N, to designated out- 
lets in the department. Mains electric power should 
be provided at a minimum of one metre intervals 
along all benches (double outlets). Wall space for 
free-standing equipment should also be generously 
supplied with appropriate power outlets. A common 
pitfall in laboratory design is failure to provide 
sufficient wall space to accommodate free-standing 
equipment such as fridges, freezers, cryostats and 
large centrifuges. 

Benching arrangements should be kept as flexible” 
as possible and, if overhead power can be made 
available, consideration should be given to installing 
some easily movable benches. At all costs, avoid 
creating T-junctions between benches because this 
leads to very inefficient overall use of space. 

If reagent storage systems, such as fridges and 
freezers, are located in the general vicinity of the 
laboratory entrance, problems of traffic around work 
areas and the risks of disruption by routine maintenance 
are minimized. 


Reception and registration of specimens 


Unless specimens are routinely handled elsewhere 
in the building, the main function of the reception 
area is to unpack and record the arrival of specimens. 
It is often found useful to record on the original 
request form both the day and time of arrival of the 
sample, and an automatic clock stamp is frequently 
used to simplify this task. 

On arrival at the laboratory, each specimen is 
allocated a unique laboratory accession number, 
most conveniently by utilizing self-adhesive labels 
preprinted with numbers in replicate. Numbered 
labels are attached to the sample and to the origina] 
request form. Additional labels are required for any 
other containers, such as serum bottles, into which all 
or part of the specimen may be transferred. With the 
increasing use of automated pipetting systems and 
analysers, the use of barcodes to facilitate automatic 
identification of samples is becoming commonplace. 

Many laboratories now use computers to file 
patient data and for reporting and billing. Typically, 
the name,-date of birth, sex and hospital record 
number (or other unique identification) are entered, 
together with the name of the person submitting the 
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sample for examination. The address and telephone 
number of the requester may be entered or a pre- 
formed file may, for example, hold the names, 
addresses and telephone numbers of all private or 
general practitioners. Data regarding the specimen 
include the laboratory accession number, the type of 
specimen (e.g. blood sample, swab, cervical smear, 
etc.), the date of collection and the date of arrival 
at the laboratory. The date of onset of illness is a 
valuable additional item. These items need to be 
entered into the computer file as soon as possible 
after the specimen arrives, particularly if the com- 
puter is also used to generate worksheets or to 
download information to automated equipment. 

In our opinion, data entry is best performed by 
properly trained clerks, rather than by technical or 
scientific staff. The location of the computer terminal 
should be adjacent to, but not in the same room as, 
the reception area. A convenient system is to pro- 
vide a hatch through which unpacked forms, with the 
laboratory accession number allotted, can be passed 
for registration. After registration, the forms are 
usually sorted into baskets corresponding to the 
laboratory section which will perform the test, and 
either taken to that section along with the specimens, 
or immediately filed if the computer is used for all 
further data recording. 

Inadequate labelling of specimens frequently makes 


identification of the source unreliable. Reception. 


staff should be instructed to inform the sender (if 
identifiable) that an unlabelled specimen appears to 
be associated with their request, and that the sample 
will be discarded. Exceptions to this rule should be 
made only if the specimen is difficult to replace (e.g. 
CSF or bone marrow). If such specimens are pro- 
cessed, a clear statement should accompany the re- 
port, indicating the possibility of misidentification 
of the patient. 

Whole blood specimens require centrifugation 
and transfer of serum into a separate container. This 
may or may not be performed in the reception area, 
according to the number of specimens processed by 
the laboratory each day and the facilities available. 
When the throughput is high, it is often preferred 
that the entire reception is kept as a ‘clean’ area; in 
other words, specimens are unpacked but never 
opened, and serum separation is performed in the 
laboratory. Whether blood is centrifuged in the re- 
ception area or not, a suitable sealed-bucket centri- 
fuge must be used to guard against accidental 
breakage of a container. Many virology laboratories 
now transfer the serum from the original bottle into 
new containers inside a biohazard cabinet. 

Leaking specimens. Workers in the reception area 
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are the first laboratory staff to handle incoming 
material. Unless such staff are properly trained in 
appropriate safety precautions, they are at risk of 
acquiring an infection during the course of their 
work, particularly from broken or leaking specimen 
containers. Universal infection control procedures 
apply; thus it is a general principle in virology labora- 
tories to regard all specimens as potential sources 
of infection and it is prudent for reception staff.to 
wear light plastic gloves (disposable) when handling 
specimens. Gloves must be removed and discarded if 
the staff member leaves the reception area, and also 
before handling the telephone or stationery. 
Laboratory-acquired hepatitis B infection, the world 
pandemic of AIDS and more recently hepatitis C, 
have stimulated renewed interest in safety in all 
types of pathology laboratories because, although the 
infectivity of the majority of specimens from hepatitis 


and AIDS patients is probably low, the consequences . 


of infection are grave. Blood is one of the body fluids 
in which hepatitis viruses, HTV and other infectious 
agents are found, and is also the most likely type of 
specimen to arrive having leaked from its container. 
A large proportion of virology tests are performed 
on blood samples and in view of the importance of 
preventing laboratory-acquired infection of any kind, 
it is vital that reception staff are given clear instruc- 
tions on how to deal with a leaking specimen. 

Most hospitals and laboratories issue instructions 
about the secure bagging of specimens and request 
forms, and the use of biohazard stickers. In general, 
those specimens which have leaked into the plastic 
bag surrounding the container should be discarded, 
and the sender should be informed and asked to send 
another sample. As with unlabelled specimens, ex- 
ceptions may be made, at the discretion of senior 
laboratory staff, to accept specimens which are diffi- 
cult to replace. In this situation, special arrangements 
with staff in the relevant laboratory section must 
be made, in order to ensure that the sample is re- 
trieved while the contaminated container and bag are 
disposed of in a safe manner. 

If the leak is not confined to the plastic bag, or if 
a leaking specimen was not placed in a bag initially, 
then reception staff are required to decontaminate, 
safely, areas of spillage. Again, a clear protocol is 
required, and all new staff should be shown how to 
deal with a contaminated surface. A ‘spillage kit’ 
must be at hand, containing an absorbent cloth and 
a washbottle filled with a disinfectant suitable for 
all kinds of surface. A commonly used disinfectant 1s 
2% (viv) glutaraldehyde, which rapidly inactivates 
a wide range of bacteria and viruses, including HIV. 
Hypochlorite solution (5000 p.p.m. available chlo- 
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rine) may also be used, except on metal. All dis- 
infectants, particularly relatively unstable ones like 
glutaraldehyde, should be replaced regularly. 

In order to register the arrival of a leaking specimen 
and inform the sender of its disposal, the informa- 
tion supplied on the request form is required. If the 
form has become soiled, a common procedure is to 
place it, using gloved hands or forceps, inside a clear 
plastic bag and photocopy it, before throwing it into 
the infected waste container. 

Attention is also drawn to the need for (1) collection 
and storage of a serum sample from each new mem- 
ber of staff as a “base line’ for subsequent exposure 
to infection, and (ii) immunization of each member 
of staff against hepatitis B, poliomyelitis and rubella. 


Operational units and total quality 
management 


Provision of a cost-effective service of the highest 
possible standard is a challenge that all virus diagnos- 
tic laboratories must strive to meet. This requires 
that careful attention be paid to management theory, 
automation and audit (internal and external). Obvi- 
ously, the number and range of tests handled by a 
laboratory are major factors determining its organiza- 
tion and because it is neither practicable nor desirable 
to cover all possible permutations individually, the 
current organization of the authors’ laboratory 1s 
used as a model for discussion. The main features 
of the model are (1) provision of a comprehensive 
range of diagnostic tests, (2) a workload of approxi- 
mately 160 000 specimens (up to 250 000 tests) per 
year, and (3) an approximately equal balance of 
private and public work. 


Management 


In line with current practices, we have adopted a 
flat management structure. Each operational unit 
(see below) is headed by a line manager, to whom 
all other staff in that area report directly. The line 
managers, who report to the head of the department, 
are experienced scientists who are responsible for 
the diagnostic workload, research and development, 
training and budgeting aspects of their unit. Policy 
is decided at regular (weekly) managerial meetings 
and issues are discussed more widely at less frequent 
(monthly) meetings attended by managers and 


various staff representatives (including an occu- 


pational health and safety officer). Each week, a 
short meeting of ali staff is held on-site; everyone 
is encouraged to place items on the agenda of this 
meeting. 
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Operation 


The authors’ laboratory is divided into several dis- 
crete operational units, namely support. services 
(media production, wash-up, etc.), virus detection, 
general serology, hepatitis/HIV serology and medi- 
cal. For administrative purposes, specimen reception 
and cell culture have been subsumed into the sero- 
logy and virus detection units respectively. For audit 
purposes, each operational unit is allocated its own 
cost centre for goods and services. While research 
and development and basic. research form a vital 
part of the laboratory’s operations by maintaining a 
state of the art technology base and providing stimu- 
lation for staff, the cost of research does not appear 
in the cost-base of on-line diagnostic tests. Rather, 
developmental work and research infrastructure 
costs are derived from private practice income and 
contract work. Basic research is funded largely by 
outside bodies in the form of competitive project 
grants. 

Junior staff circulate between operational units on 
a three-monthly basis, creating and maintaining a 
multi-skilled technical base, which facilitates move- 
ment of staff on an ad-hoc basis to fill gaps caused 
by sickness, holidays or resignations. Scientific and 
supervisory staff move every 1-2 years and section 
heads rotate infrequently, by negotiation, in order 
to maintain overall continuity. 


Turn-round times 


To the clinician, an essential component of good 
laboratory service is a fast response, irrespective of 
medical need. In the private sector, rurn-round time 
is a major marketing issue and, in the public sector, 
every effort must be made to ensure that discharge of 
patients from hospital is not delayed by unnecessarily 
slow pathology testing. Therefore, ensuring that the 
time between receipt of a request and delivery of the 
result is minimized, without compromising accuracy, 
is a vital component of laboratory practice. It should 
be apparent that the aim for all tests must be to 
provide a result within 24 h at the most. In a few 
areas, further technological advances are required 
before this can be achieved, but in most the tech- 
nology is already available. To meet the challenge of 
providing a first class service at minimum possible 
cost, it is essential to make maximal use of staff time 
and laboratory space. In the authors’ laboratory, staff 
are rostered in order to provide a full service between 
8 am and 10 pm. The workflow is organized such 
that many immunoenzyme assay tests are incubated 
overnight, eliminating delays caused by late arrival of 
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specimens. Including the provision of a full Saturday 
or weekend service, rostering of staff minimizes the 
need for out-of-hours emergency work (at expensive 
Overtime rates). In our environment, the cost of 
extended operating hours is balanced by a reduction 
in the overtime bill, 

In principle, the introduction of significant delays 
by batching specimens is always unacceptable, In 
practice, batching of specimens on a daily basis 
introduces delays in reporting that are generally not 
a problem but delays of more than a day must be 
looked at critically. Penny-pinching tends to reduce 
the quality of the service provided and in the longer 
term this may be counter-productive. 


Equipment 


In addition to numerous specialized items of equip- 
ment required for tests such as enzyme immuno- 
assays or molecujar biological methods like PCR, 
there are several categories of equipment that are so 
fundamental to the operation of all diagnostic virus 
laboratories that they are worthy of specific mention. 


Biological safety cabinets (hoods) 


Class II protective cabinets are essential in the virus 
detection laboratory and some departments also use 
hoods for separation and transfer of serum samples, 
Class II cabinets protect the laboratory worker from 
potentially hazardous substances in samples and cul- 
tures and, further, the material inside the cabinet is 
protected from outside contamination. Protection is 
afforded by a vertical laminar flow of HEPA filtered 
air-at the front of the cabinet, together with HEPA 
filtration of exhaust air. It is imperative that hoods 
be installed, commissioned and annually serviced 
by an accredited agent. The width of the cabinet 
depends on the number of staff who must use the unit 
simultaneously; for one person, a width of around 
1.5-1.8 meters is ample. The faces of all operators 
must be fully protected by the glass screen at the front 
of the unit and therefore seating arrangements should 
be adjustable in height. 

The fans contained within class II cabinets are 
often noisy, which should be taken into account 
when determining the location of the units. In addi- 
tion, cabinets can generate a great deal of heat during 
operation; this heat must be adequately dissipated if 


safe working conditions are to be maintained. The ~ 


inside of cabinets should be decontaminated with 
disinfectant after each period of use and at the end 
of each day. Under no circumstances should gas 
burners be used inside a hood; flaming is unnecessary 
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in the protected environment of the cabinet and the 
risk of explosion if gas builds up inside the unit is 
substantial. 


Centrifuges 


No virus laboratory could function without a range 
of centrifuges for tasks such as separation of serum 
from clotted blood, cell culture, spinning inocula 
onto cell monolayers and generating a variety of 
different types of reagent. It is mandatory, for safety 
reasons, to use sealed-bucket centrifuges in order 
to contain potential spillages caused by breakage of 
tubes, etc. Refrigeration is an important requirement 
for most centrifuges used in the diagnostic setting 
and it is prudent to buy several different types of rotor 
for each machine in order to maximize the flexibility 
of these fairly expensive items of equipment. 


Incubators 


Most media formulations use bicarbonate buffer 
systems that require unsealed cell and virus culture 
vessels to be incubated in a 5% CO, atmosphere. 
Humidification of the atmosphere is also essential to 
prevent rapid evaporation of media and to facilitate 
absorbtion of CO,. Modern units are supplied with 
a series of sophisticated alarm systems to ensure 
that the atmosphere is maintained within the desired 
limits. With the progressive transfer of virus isolation 
techniques to unsealed multi-well cell culture plates, 
CO, incubators are becoming increasingly important 
items of equipment. By the same token, the amount 
of space required in ambient air incubators, which 
are suitable for accommodating roller drum appara- 
tus required for tube cultures, is diminishing. Smaller 
fan-forced ambient air incubators and ovens are used 
for incubating enzyme immunoassays and a variety 
of molecular biological procedures, The performance 
of incubators should be checked by accredited service 
agents at regular intervals. 


Refrigerators and freezers 


Specimens and many types of reagent must be stored 
under appropriate refrigerated or frozen conditions. 
Household equipment is not recommended for this 
purpose; in particular, avoid frost-free units at all 
costs because the regular defrost cycle will inevitably 
cause deterioration of some reagents. Commercial 


- refrigerators and freezers can generally be expected to 


maintain the desired temperature within reasonable 
tolerance limits; but daily checking and recording of 
internal temperatures, using electronic or alcohol- 
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based thermometers, is essential. Food must never 
be stored in laboratory refrigerators. 


Sterilization equipment 


Depending on the size of the laboratory, one or 
more evacuating autoclaves will be required for 


- sterilization of reagents and equipment and for de- 
contamination of potentially hazardous waste prior 


to disposal. For glassware and other sundry items of 
equipment a dry heat sterilization oven is useful. 


REPORTING VIROLOGY RESULTS __ 


In virology laboratories there is often a need, with 
serological tests, to retrieve results obtained with 
earlier specimens of serum and reprint them along 
with those from current tests. Recording systems 
may be manual — results are held on worksheets and 
transferred by typing or photocopying to preprinted 
report forms (examples shown in Grist et al 1983) - 
or the collation of results and printing of the report 
forms can be done through the computer utilizing 
a commercial database or programs generated ‘in 
house’. Computerization of reporting has many ad- 
vantages, after the inevitable teething problems 
have been overcome. Test results can be matched up 
with patient data entered at the time of receipt of 
the specimen; the file with records of all results can 
be called up for interpretation while answering 
telephone enquiries. 

Results may be entered into the computer by 
laboratory staff, dedicated data entry staff or elec- 
tronically, if fully automated equipment is in use. 
In the jatter case, designated signatories within the 
laboratory must be responsible for validating data 
on screen before the report is issued. 

Pre-coded interpretative comments can be used for 
the vast majority of reporting situations; obviously 
‘inspired’ comments will be required from time to 
time and these may be generated by the senior tech- 
nical or medica! staff. Experience shows, however, 
that reliance on inspired comments for every test 
entry is not only time-consuming but also incurs 
frequent transcription errors at the time of entry of 
the data into the computer. 


QUALITY ASSURANCE AND > 
ACCREDITATION _ 





The performance of a laboratory must ultimately be 
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judged on the reliability of the test results, although 
it must be borne in mind that clinicians may also 
make value judgements based on other criteria, 
such as effort-required to initiate a request, speed of 
response and accessibility of consultant advice. The 
keys to maintaining the highest possible quality of 
service are (i) good strategic planning and manage- 
ment, (ii) critical evaluation of the protocols used 
for each test, (iii) a system for determining whether 
each test has been performed correctly,-and (iv) con- 
tinuous re-evaluation of performance, with the aim 
of making further improvements wherever possible 
(audit). Accreditation programmes, which involve 
peer review of laboratory operations at regular inter- 
vals, are an effective way of maintaining standards, 
particularly if failure to meet a satisfactory level 
of performance results in closure. At the time of 
writing, agencies providing accreditation for medical 
testing laboratories include CPA (UK) Ltd, CAP 
(International), NATA (Australia) and TELARC 
(New Zealand). | | 

Monitoring the technical aspects of each test 
using internal standards (controls) and externally 
organized proficiency testing, while essential, is only 
one aspect of quality assurance. All facets of a labora- 
tory’s operations benefit from continual internal 
and external audit procedures. Appropriate accom- 
modation and equipment must be provided and 
manuals must be used to record the details of all 
test procedures, equipment checks, maintenance 
programmes and quality assurance methods. 


Accommodation 


A laboratory must provide sufficient effective space 
and facilities for satisfactory and safe provision of 
the service. There must be sufficient bench space to 
allow (i) efficient handling of specimens, (ii) safe 
performance of tests, and (iii) housing for equipment 
and reagents. In order to facilitate cleaning, bench 
surfaces should be made from laminates or formica, 
not wood or other potentially absorbant materials. 
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Joints in bench surface coverings should be avoided. 
Staff amenities should be nearby, but separate from 
the laboratory work areas to encourage compliance 
with safety regulations. Hand-basins must be easily 
accessible to all personnel. Ventilation should be 
adequate and fume hoods must be installed for 
the handling of toxic chemicals. Essential items of 
equipment, such as ~70°C freezers, should be con- 
nected to emergency power outlets in case of power 
failure. 


Equipment 


The equipment used in the’ laboratory must be 
appropriate for the tests done and maintained in 
good working order. Staff operating equipment 
must, as a result of training, be fully conversant with 
its calibration and use, and manuals describing the 
operation of equipment should be readily available 
nearby. 


Procedure manuals 


Each laboratory should prepare a methods manual 
that describes the practical details of all test proce- 
dures, Each method sheet should bear the date of 
issue of the method, the dates of any alterations 
made since that time, references to the source of the 
method and. the signature of a senior staff member 
authorizing the use of the test. Methods manuals 
should be reviewed annually, and signed by the 
scientific officer who conducted the review. 


Laboratory manual 


The organization and operation of the laboratory 
should be described in full in a manual that is readily 
accessible to all staff. The manual should contain 
enough detail to indicate compliance with the re- 
quirements of the local accreditation organization 
and a list of signatories, i.e. staff authorized to 
validate and issue results. 
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Body system/intecting agent 


Gasticintestinal tract 
Adenoviruses 40, 41. 


Hepatitis B virus (HBV) » 


Nervous system 
Herpes simplex virus (HSV) 


Respiratory tract 
Adenoviruses 


Epstein-Barr virus (EBV) 


Skin/eye/mouth 
Adenoviruses 


Contagious pustular dermatitis 
virus (Ort) . 
Herpes simplex virus (HSV) 


Human papillomavirus (HPV) 











Human parvovirus 


Molluscum contagiosum virus 
Varicella-zoster virus (VZV) 


Systemic 
Cytomegalovirus (CMV) - 


Epstein-Barr virus (EBV) 
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| nears & clinical wasniicouniia © 
- Gastroenteritis 
Hepatitis, chronic liver disease, 


- hepatocellular carcinoma 


_ Herpes simplex encephalitis 


Acute upper respiratory tract infection, 


pneumonitis 


Nasopharyngeal carcinoma - 


Sporadic or epidemic conjunctivitis 


Orf 


Herpes labialis, herpes genitalis, 
ocular herpes, herpetic whitlow 


Warts, cervical carcinoma in situ? 


‘Fifth’ disease, aplastic crisis, abortion? 


Molluscum contagiosum 
Chickenpox, shingles 


Fever, lymphadenopathy, sore throat 
(CMV mononucleosis) 


Fever, yimphadenopathy, sore throat 





" Diagtetic procedures. 


Detection of adenovirus antigens i in faeces. Electron 
microscopy on faeces 

Detection of HBsAg in blood. ‘Specific IgM detection 
(to HBcAg). Paired sera. Detection of HBV_DNA in 


Sige Not cultivatable.. a aie 


Detection of HSV DNA in n CSF by ehiiinsioe chain 


reaction. Detection of HSV antigen in brain biopsy, °: 


Isolation. of HSV from brain tissue. Antibody tests on | 
CSF and blood are of limited value weit ba” te 


Adenovirus isolation Gorn Wrbak swab or is: 
nasopharyngeal secretions, in many cell types. 
Detection of adenovirus antigen in doen net ong 
washings. Paired sera 


‘Specific IgM and IgA detection. Detection of EBV 
‘antigens and nucleic acids in tissues. Lymphocyte 


transformation assay 


Adenovirus isolation from conjunctival secretions, in 
many cell types. Detection of adenovirus antigen in 
conjunctival secretions. Paired sera 

Electron microscopy on exudate from lesion. Paired 
sera 


Detection of HSV antigen in vesicle fluid or cells trom 


base of ulcer. Virus isolation from lesion, in many cell 
types. Serology of limited value 

HPV DNA and antigen detection in tissue biopsies. 
Histology of lesions. Not cultivatable 7 

Specific IgM detection. Detection of parvovirus antigens 
in blood, Detection of parvovirus antigens and nucleic 
acids in products of conception. Not cultivatable 
Electron microscopy on exudate from lesion 

Virus isolation from yesicle fluid, in human fibroblasts. 
Detection of VZV antigen in vesicle fluid. Paired sera 


(limited vane) 


Specific loM detection.. Paired sera. Virus isolation from 


blood and body fluids, in human fibroblasts. Detection 
of CMV antigens and nucleic. aaa in blood and body 
secretions . 

Specific IgM detection 
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Gastrointestinal tract - 
Delta agent 


Hepatitis A (AV) 
ene — 2 


x Rotavins 
Yotiow iever virus “3 nae 


a, ‘nine bien | 
- Human immunodeficiency 


Nervous system 
Alphaviruses 


Australian encephalitis virus 


Coxsackie A viruses 


Echoviruses 
Enteroviruses 70, 71 
Polioviruses 


| Rabies virus 


‘hascite tory tract 
| Coronaviruses .” 
|; Iniueriza vinises 


3 5 ty er 
gen oo ~ 


etpatoy src ie 
Finovruses PS 
_Skin, eye, mouth - 
a Coxeackle A viruses — 
Coxsackie 8 eee, 


Echoviruses 
“Enterovirus 70 






652 


SS a 


: Body ¢ noe minfecting agent 


“viruses (HIV-1 and HIV-2) . 


a =) 
Ts 


‘Parsi ves 1-9) 
OE te ERS eee Tn ie a aE fn infants (type: 3), eoniza; pharyngitis ; 


PRACTICAL MEDICAL MICROBIOLOGY 


Hepatitis in conjunction with HBV 


infectious hepatitis 


Gaptoenserhic: te 


infantile gastroenteritis 


te vs mers 8 


: "Hepatic and re renal failure, fever. a ‘ 
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Oy os 
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) Acquired | immune deticiéndy syndrome ) 


tee and related 1 SYTIOROTeS, 


Encephalitis, fever, arthritis 
Encephalitis 


Meningitis, paralysis 


Meningitis, paralysis . . © 


i Morar icy ae 
Meningitis, paralysis 


fables ~ 


i ets ne bc 
& 


2 -Invenza neumonitis 8 53 Soe 


Or 


jee et at 


Croup ilvpes? 4: an 2) ‘bfofichiolitig 


: - /Bronchidliti in infants, rhinitis, 
is Poatyngtts 


+ Coryza - 


Hetieidine hand, foot and 


mouth disease - 


Generalized exanthem, myalgia, 
myopericarditis, pleurodynia, 
lebrile iliness 

Generalized exanthem 
Haemorrhagic conjunctivitis 
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Important clinical manifestations — ee Diaghost Cc procedures 


_- Antigen detection in faeces. Electron mmicrastopy on - CP 
, faeces; ‘Not cultivatable |‘ ‘i 

.. Specific IgM detection: Paired sera. Virus igolation | 

srroave blood, in mnoequlta Pate, fipeaiog’s ‘or r nie + a : 


alr Paired sera,.\ Virus. ‘isolation t hot roulinely, attempted 

-_ Influenza antigen detection, Paired:sera. Virus. isolation | | 
a from Nasopharyngeal secretions, in primary mGk ey : 
«kidney or’ Hypsinized MOCK, cells: Chick “embryo ; i 
27, OUMUTE "3c = eh 

- Antigen detection i in nasopharyngeal secretions. a 
4 ‘Paired sera. ‘Virus isolation from nasopharyngeal - 
_~ secretions, in a variety ‘of cell-types - 

_-RSV antigen and nucleic acid detection and virus 
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| Antigen and nucleic acid detection i in blood Paired Ze 


sera. Not cultivatable 


 SpéolficigM detection go ee ee 
‘Antigen detection in faeces. Electron microscopy 0 on: | 
faeces: Not cultivatable bir i | 
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Positive sori indieatas: exposure, Wiese isolation > 
from peripheral; blood lyriphocytes. HIV: antigen : mes 
_* detection In bloed.“HIV nucleic ‘acid detection in blood . 
and issues; by polymerase: chain, reaction « aoa ea Se, 


7 Specific iM detection. Paired sera. Virus: isolation G 
from blood, in many cell types and mice _« 

' Specific IgM detection. Paired sera. Virus isolation 

_ from brain, in celis and-suckling mice — 

Virus isolation from CSF and nasopharyngeal - 


secretions, in rhabdomyosarcoma cells and suckling | : 
mice. Paired sera for neutralizing antibody 


- Virus. isolation from CSF.and nasopharyngeal 
-secretions, in human fibroblasts ae 


Virus isolation from CSF and: nasophanges) 
secretions, i in human fibroblasts 


Virus isolation from faeces; ‘in. many cell types. Paired 
Sera for-neutfalizing antibody’ 


Antigen detection in brain tissue: Brain. histology Virus 


a=, pols. ote: group 4 pathogen) 


Es ie { 


isolation from nasopharyngeal secretions, in many cell 
types. Paired sera 

Virus isolation from nasopharyngeal secretions, in 
human fibroblasts 


Viriis isolation from vesicle’ fluid and. nasopharyngeal! - 
secretions, in rhabdomyosarcoma cells and Sh 


mice; Paired sera for neutralizing antibody 


Virus isolation from vesicle fluid, nasopharyngeal - } 
secretions and faeces, in African green monkey. kidney 
cells. Serology of limited value — 

Virus isolation from vesicle fluids, in human fibroblasts, 
Virus isolation from conjunctival clacnange, in human 
fibroblasts. 
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Body system/infecting agent 


Enterovirus 71 Hand, foot and mouth disease 
Measles virus Measles, giant-cell pneumonia, 


encephalitis, SSPE 





Important clinical manifestations 
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Diagnostic procedures 


Virus isolation from vesicle fluids, in human fibroblasts. 
Specific jgM detection. Measles virus antigen 

detection in nasopharyngeal secretions. Paired sera. 
Virus isolation from respiratory secretions 


Rubella virus Rubella, arthritis, congenital malformation, Specific IgM detection. Paired sera. Virus isolation 
progressive panencephalitis from nasopharyngeal secretions, in RK13 cells © 

Systemic eo 

Alphaviruses Fever, arthritis, encephalitis See Nervous System 

Bunyamwera viruses Fever, myalgia, rash Paired sera. Virus isolation from blood, in Vero and 
other cell types 

Congo/Crimean haemorhagic Haemorrhagic fever Specific gM detection. Paired sera. Virus isolation in 

fever virus . newborn mice e | 

Dengue viruses (types 1—4) Fever, myalgia, rash + haemorrhage Specific IgM detection, Paired sera. Virus isolation in 
specialized cells and mice 

Ebola virus Haemorrhagic fever Specific IgM detection. Paired sera. Antigen detection. 

) Electron microscopy on liver. Virus isolation in Vero 
cells (Note: group 4 pathogen) 

Hantaan virus Rodent-borne nephropathy Specific IgM detection. Paired sera 

Marburg virus Haemorrhagic fever - ; Specific IgM detection. Paired sera. Antigen detection. 
Electron microscopy on liver. Virus isolation in Vero 
cells (Note: group 4 pathogen) 

Rift Valiey fever virus Fever and myalgia Specific IgM detection. Paired sera. Virus isolation in 
Vero and other cell types 
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Rapid diagnosis of viral infections 


A. Simmons B. P. Marmion 





Over the last decade, monoclonal antibody tech- 
nology and molecular biology have had a significant 
impact in the area of rapid virus diagnosis and there 
have been a substantial number of advances since 
the last edition of this text. Previously, rapid viral 
diagnosis depended almost entirely on direct detec- 
tion of virus particles, viral antigen or viral nucleic 
acid in specimens taken from the site of infection. 
While these approaches remain important, several 
newer techniques that incorporate one or more 
rounds of target amplification into the detection 
process have been developed. Prominent among 
these are culture-amplified enzyme immunoassays 
(EIAs) and the polymerase chain reaction (PCR). 


What is rapid? 


In the context of virus diagnosis, this subjective term 
can be given perspective by considering the needs 
of the requesting doctor and the level of service pro- 
vided by competitors. With increasing availability 
of specific antiviral drugs, patient management is 
more and more likely to be directly influenced by 
virological investigations; consequently, there is a 
need to provide answers as rapidly as possible, pre- 
ferably within a few hours and certainly before the 
patient’s condition deteriorates. Antigen-capture 
EJAs make it technically possible to detect virus 
within c. 2 h, often with sensitivity approaching 
that of virus culture, making specimen transport, 
laboratory work practices and reporting the rate- 
limiting steps in diagnosis. For maximum sensitivity, 
requiring, for instance, culture-amplified EIAs or 
even conventional virus culture, time must currently 
be sacrificed. In some cases, such as herpesvirus 
culture-amplified EIAs, the delay is small (e.g. over- 
night) and the result often remains useful for deci- 
sions about patient management. In other cases, ¢.g. 
picornavirus culture-amplified EIAs, the state-of-the- 
art detection methods are still slower than desirable 
and further improvements are required. 


To batch or not to batch? 


The question of batch processing of samples is com- 
plex and should be reviewed regularly for each test. 
The main issue is whether processing each specimen 
on arrival is economically viable, given that the 
same number of control: samples are required for a 
single specimen as are required to process several 
hundred. For high-throughput tests in large labora- 
tories, processing batches twice a day (or more often) 
does not usually constitute a significant delay and 
costs are minimized. At the other end of the spec- 
trum, it is becoming less and less acceptable, even in 
small laboratories, to collect specimens over several 
days, thereby delaying some of the results for up to a 
week. The same applies to confirmatory tests, unless 
a provisional positive result has been issued. 

The decision about whether to delay the processing 
of specimens for logistic and economic reasons can 
only be made locally. Several issues need to be con- 
sidered, including the consequences to the patient of 
delaying the test result and the economic and staffing 
implications of processing specimens on the day of 
the request. Many of the problems associated with 
immediate processing of specimens can be addressed 
by the introduction of automated equipment into the 
virus laboratory. For instance, cassette-based systems 
for antigen detection (e.g. Abbott IMX microbead 
systems for HBsAg) are well suited to handling small 
numbers of specimens at frequent intervals. How- 
ever, such systems are economically viable only if the 
cost is offset against savings in the salaries budget 
and/or increased productivity. Rostering staff in 
order to extend the routine operating hours of the 
laboratory from, for instance, 8 am to 10 pm, can also 
help to speed up the overall test ‘turn-round’ time, 
at the same time as reducing or eliminating overtime 
expenditure caused by out-of-hours emergency testing. 


Approaches to rapid diagnosis 


In summarizing the various approaches to rapid diag- 
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nosis, it is useful to group them into either direct 
methods or techniques that initially amplify the target 
molecules. Among the direct methods, two of the 
traditional approaches, namely histological or cyto- 
logical examination of tissues and exudates and elec- 
tron microscopy (EM), are now seldom used, except 
in specialist reference laboratories, because they 
have been largely superseded by more sensitive, less 
labour-intensive techniques. For detailed descrip- 
tions of cytological and histological methods and 
preparation of specimens for electron microscopic 


analysis, the reader is referred to the previous edition . 


of this text. The mainstays of direct diagnosis are 
now: 


1. Antigen-capture ELA, which is used to detect 
extracellular viral antigen in exudates, homogenized 
tissues or body fluids. A common application of anti- 
gen capture, for which several commercial kits are 
available, is in the diagnosis of herpes simplex. The 
range of viral infections for which antigen-capture 
EIA can be used is constantly being extended, partly 
because recombinant antigens can now be generated 
from cloned genes of several non-cultivatable viruses. 
Among their many applications, recombinant anti- 
gens can be used to produce antisera for use in 
antigen-capture systems. 

2. Immunofluorescence (IF) for detection of infected 
cells in exudates and secretions. Although these are 
labour-intensive techniques that are now used infre- 
quently at the diagnostic workbench, they are still 
used occasionally for examination of cells in naso- 
pharyngeal aspirates or bronchial washings, as an 
adjunct or alternative to antigen capture or.culture- 
amplified EJA. Interpretation of test results requires 
considerable experience and is time-consuming and 
subjective. 

3. Immunofiltration is a powerful technique for 
rapid detection of infected cells in tissue samples. 
The method uses EIA technology to stain infected 
cells immobilized, by suction filtration or adsorption, 
in glass-fibre or polycarbonate filter-matrices. Matrix 
techniques form the basis of many automated systems. 

4. Histological and histochemical examination of 
frozen sections are used primarily for examination of 
brain tissue in suspected cases of herpes simplex 
virus (HSV) encephalitis. This technique is now re- 
quested infrequently, since the introduction of em- 
pirical treatment with acyclovir and the availability 
of PCR for detecting HSV DNA in cerebrospinal 
fluid. 

5. Detection of viral DNA or RNA sequences in 
| clinical samples. For rapid diagnostic purposes, 
virus-specific nucleic acid sequences in serum, cells 
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or Ussue extracts are detected primarily by dot-blot 
hybridization techniques (see Ch. 10). An important 
advance in this area has been the progressive replace- 
ment of radiolabelled molecular probes with non- 
isotopic detection systems, in particular biotin and 
digoxigenin. A prominent application of dot-blotting 
is detection of hepatitis B virus (HBV) DNA in 
the serum of chronically infected (HBsAg positive) 
patients. The presence of HBV DNA in serum indi- 
cates active virus replication, which is associated with 
an increased risk of chronic liver disease. In addition 
to being a valuable prognostic indicator, HBV DNA 
dot-blotting is useful for monitoring responses to 
anti-HBV therapy. 


There are two main strategies for rapid virus 
diagnosis that incorporate initial target amplification: 


1. Culture-amplified EIA. Short-term cell cul- 
tures (e.g. 24 h) are used to amplify infectious virus, 
the presence of which is then detected by antigen- 
capture EIA, often well in advance of characteristic 
cytopathic changes, Rapid detection of cytomegalo- 
virus (24-48h versus many days for conventional 
culture) in lung tissue of immunocompromised 
patients with life-threatening pneumonitis is a promi- 
nent example of the power of culture-amplified EIA. 
In an earlier stage of development of this technique, 
foci of viral replication were generally detected by 
IF staining of fixed cell sheets and this is still useful 
for some RNA viruses such as measles and mumps. 

2. Polymerase chain reaction. A comprehensive 
description of PCR is given in Chapter 10, including 
the principles used in the design of primers, strategies 
for reducing false-positive results and details of 
the reverse transcriptase (RT) step required for de- 
tection of RNA viruses. In principle, the method is 
extremely sefhsitive, and this generates unique inter- 
pretative difficulties, mainly because the presence of 
viral nucleic acid does not necessarily reflect the 
presence of infectious virus. Nonetheless, PCR has 
already found important niches in virus diagnosis; 
for instance, this technique is the method of choice 
for demonstrating the presence of herpes simplex 
virus in the cerebrospinal fluid of patients with 
herpes simplex encephalitis. 


It should be stated at the outset that, for some 
virus infections, serodiagnosis by detection of specific 
IgM antibody may be as quick as direct detection of 
viral components. For infections in which the IgM 
antibody response is known to be transient, presence 
of virus-specific IgM in serum may be a useful indi- 
cator of recent (though not necessarily current) infec- 
tion. In fact, in some diseases, notably hepatitis A, 
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the temporal relationship between viral replication, 
onset of symptoms and seroconversion makes IgM 
detection the diagnostic method of choice (Ch. 38). 

The following provides a more detailed description 
of the principles behind the most commonly used 
rapid diagnostic methods, retaining the format set 
out in this introduction and including a consideration 


_ of some recent innovations that facilitate automation. 


The principles of collecting and processing clinical 
specimens are also described and the chapter con- 
cludes with a Methods section. 


DIRECT DETECTION METHODS 


Antigen-capture EIA 


The principle underlying this technique is capture 
of extracellular viral antigen by antiviral antibody 
molecules bound to a solid support, such as a well 
in a plastic plate or a polystyrene bead. Captured 
antigen can be detected either directly, using an anti- 
body conjugated to an enzyme (such as horseradish 
peroxidase or alkaline phosphatase) or a fluorescent 
label, or indirectly, using an unlabelled antibody fol- 
lowed by an anti-Ig conjugate. For indirect assays, it 
is essential that the capture and detector antibodies 
are derived from different species and that the anti-Ig 
has no cross-reactivity with the capture antiserum. 

The preparation of antigen-coated microtitre plate 
wells, diluents and washing solutions is described 
in Chapter 9, together with a consideration of com- 
monly used enzymes, substrates and chromogens. 
The same chapter includes protocols for direct and 
indirect antigen-capture tests that are readily adapt- 
able to a wide range of viruses. Here, we discuss some 
of the parameters that may affect the performance 
of antigen-capture systems. 

In general, polyclonal antisera against virion com- 
ponents are preferred reagents for capturing antigen, 
particularly when the capture antibody is adsorbed 
to a solid surface. A single species of monoclonal 
antibody, even of high avidity, may not perform 
effectively as a capture antibody and it remains to 
be shown convincingly whether cocktails of several 
monoclonal antibodies that recognize different epitopes 
can overcome this difficulty. It is more common to 
use monoclonal antibodies in the detection system 
of antigen-capture assays and for the direct or 
indirect detection of viral antigen in infected cells by 
immunofluorescence (see below and Ch. 44). 

The sensitivity of an antigen-capture system is 
typically in the range 10*-10° tissue culture infective 
doses (TCID.,) of virus/ml of specimen, or, to take 
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another example, about 10* colony-forming units of 
Mycoplasma pneumoniae (Marmion et al 1993). As a 
diagnostic procedure, antigen capture is less sensitive 
than virus culture and, in practice, only 80-90% 
of culture-positive samples give a positive result by 
antigen capture. Conversely, occasional samples are 
positive by antigen capture only, presumably because 
antigen may persist at the lesion site after infectious 
virus has declined. ) 

Efforts to improve the sensitivity of antigen- 
capture systems can be directed, logically, to each 
of the component stages. For capturing antigen, 
evidence that a cocktail of monoclonal antibodies 
is superior to hyperimmune polyclonal antiserum as 
a capture antibody is not decisive. Many viral and 
prokaryotic antigens are quite distinct from the tissue 


.antigen background in the clinical specimen and 


the unique discriminatory power of a monoclonal 
antibody is not required. In the detector system, 
indirect methods offer some amplification over direct 
methods (Ch. 9). The combination of a monoclonal 
antibody and an enzyme-labelled anti-mouse Ig 
potentially improves both sensitivity: and specificity, 
provided that the anti-Ig has no cross-reactivity with 
Ig from the species used to produce the capture 
antibody. 

Several ingenious strategies are available for in- 
creasing sensitivity by improvements to the enzyme/ 
chromogen system. For instance, the number of 
enzyme molecules anchored to each molecule of 
detector antibody can be increased by linking the 
bound antibody to a preformed complex of mono- 
clonal antibody and enzyme, e.g. peroxidase-anti- 
peroxidase (PAP). An anti-Ig bridge is used to link 
the detector Ig with the PAP complex and therefore 
the detector antiserum and anti-peroxidase ig must 
be derived from the same species. 

An alternative method rests on coupling biotin 
to the detector antibody (or to anti-Ig in an indirect 
system) and in turn detecting the biotin-tagged anu- 
body with enzyme-linked avidin (chicken avidin or 
streptavidin). The binding of biotin to avidin Is essen- 
tially irreversible (Kd = 10°? M"). Avidin has four 
receptors for biotin and it is possible to couple several 
enzyme molecules to a single molecule of avidin 
without sterically interfering with its ability to bind to 
biotin. It is also possible to use preformed complexes 
between enzyme-linked avidin and biotin to bind 
the biotinylated antibody, providing further amphi- 
fication of the reaction (Hsu et al 1981, Kendall 
et al 1983, Yolken et al 1983, Hsu & Raine 1984). 
There are several commercial sources of avidin or 
streptavidin—phosphatase or peroxidase reagents. 
Despite its theoretical advantages, there are some 
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problems with the avidin-biotin system. Biotin and 
other ligands present- in tissues and exudates may 
bind the avidin-enzyme complex and give high back- 
ground readings. Chicken avidin, a positively charged 
glycoprotein, is said to bind more readily to cell- 
surface antigens and lectins than streptavidin, which 
is a carbohydrate-free protein with a neutral iso- 
electric point at physiological pH. Consequently, 
streptavidin—biotin systems are claimed to be superior 
to the chicken avidin-biotin system. An interesting 
variant, offered by Kirkegaard & Perry, links biotin to 
antibody with a 7-atom spacer and uses streptavidin-— 
peroxidase for detection. This combination is claimed 
to improve sensitivity in EIAs and immunoblots, and 
to give less problems with steric hindrance between 
antibody and streptavidin. 

Overall, there is a wide range of available enzyme/ 
chromogen systems (see also Ch. 9) and there are 
numerous variations in the methods used for cou- 
pling enzymes to antibodies (see Farr & Nakane 
1981), Commonly, alkaline phosphatase (e.g. from 
calf intestine) is coupled to antibody with glutaralde- 
hyde (Avrameas & Ternynck 1971) and used in con- 
junction with p-nitrophenyl phosphate, which gives 
a coloured soluble reaction product. The sensitivity 
of the phosphatase system may be increased using 
4-methylumbelliferyl phosphate or fluorescein phos- 
phate; enzyme action yields bases that fluoresce 
brightly in short-wavelength light. Similarly, fluores- 
cent end-products can be generated with a combination 
of umbelliferyl-B-galactoside and fB-galactosidase 
(Whitehead et al 1979). Another commonly used 
enzyme, horseradish peroxidase, has a smaller mo- 
lecular weight than phosphatase so that unbound con- 
jugates are more easily washed away and background 
fluorescence may be reduced. ABTS (2,2’-azino- 
di[3-ethyl-benzthiazoline] sulphonate; Boehringer) is 
a useful substrate for peroxidase, generating about 
10 times more colour (417 nm absorption) per unit 
tume than phosphatase generates with p-nitrophenyl 
phosphate, 

It has been suggested that sensitivity can be in- 
creased by using the products of one enzyme- 
substrate interaction to activate, in cascade, a second 
enzyme-substrate system, which in tum gives a 
coloured end-product. Thus, Self (1985) has de- 
scribed an enzyme amplification system in which 


alkaline phosphatase dephosphorylates NADP to 


NAD. The NAD is then reduced to NADH by 
alcohol dehydrogenase and then oxidized by a dia- 
phorase, reducing in the transfer a tetrazolium salt 
to give a coloured formazan which can be detected 
spectrophotometrically. 

In time-resolved fluorimmunoassays, anti-Ig is 
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conjugated to europium (Soini & Hemmila 1979, 
Halonen et al 1984), This element emits light when 
activated by a laser pulse, and the intensity of 
fluorescence is analyzed with respect to time by 
specialized equipment. 


Commercial sources of EIA reagents and kits 


Horseradish peroxidase and alkaline phosphatase- 
conjugated indicator antibodies (anti-Igs) and avidin— 
biotin systems are available from numerous sources, 
including Boehringer and Dakopatts. For a com- 
prehensive list, the reader is referred to Linscott’s 
Directory of Immunological and Biological Reagents. 
Also available is a fairly broad range of unlabelled 
and labelled polyclonal and monoclonal antiviral 
antibodies, particularly from Dakopatts. 

Where available, most laboratories choose to 
purchase EJA kits for virus diagnosis rather than 
develop tests in house. At the other end of the 
spectrum, some specialist laboratories, particularly 
those with ready access to animal facilities, not 
only use in-house tests but also make most of the 
required reagents. Obviously, the decision whether 
or not to use commercial kits is influenced by cost 
and the perceived quality of available kits as well 
as by locally available expertise and facilities for 
test development. The principles used in assessing 
the performance of commercial EIA kits are discussed 
in Chapter 9. 

The following is a list of prominent sources of 
commercial kits for some of the commonest appli- 
cations of antigen-capture EIA. The information is 
not exhaustive and is not intended to imply any 
recommendation of the products by the authors: 

Hepatins B virus. There are numerous manufac- 
turers of high quality kits for detection of HBsAg in 
serum and very few laboratories use in-house tests 
for this purpose. Abbott produces a test in a coated- 
bead format, whereas Behring, bioMérieux, Kodak, 
Murex, Organon, Sanofi Pasteur and Sorin offer 
microtitre plate systems. Boehringer and Cobas 
manufacture tests in a tube format. Further, auto- 
mated systems (e.g. Abbott IMX) are readily avail- 
able. There are also several sources of kits for 
detecting HBeAg in serum, including Behring, Kodak, 
Murex, Roche, Sanofi Pasteur (microtitre plates) 
and Abbott (coated beads). Delta antigen kits are 
available from ICN (Flow) Biomedicals. 

Chlamydia trachomatis. Systems are available from 
Abbott, Dakopatts, Ortho (Orgenics), Pharmacia, 
Sigma and Syva. 

Herpes simplex virus. BioMérieux, Dakopatts, 
ICN (Flow) Biomedicals. 
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Rotavirus antigen. Abbott, Accurate Chemical 
Co, Bio/Can America, bioMérieux, Dakopatts and 
Kallestad are among the manufacturers that provide 
tests for rotavirus in faeces. 

HIV antigen (p24). ‘There are several sources, 
including Abbott (coated beads), Coulter, Inno- 
genetics, Murex and Vironostika (Organon). 

Respiratory agents. Very few antigen-capture EIAs 
are available for respiratory agents. To our knowl- 
edge, paramyxovirus kits are not available. Current 
availability of influenza virus, adenovirus and respira- 
tory syncytial virus kits should be checked with local 
representatives of the major diagnostic companies. 
In the authors’ laboratory, all respiratory virus 
antigen capture EIAs have been developed in house, 
with capture and detector antibodies made in rabbits 
and guinea-pigs, respectively. 


Automation 


Speed and automation are becoming increasingly 
important aspects of the operation of diagnostic 
virology laboratories. The time taken to cornplete an 
EIA can be reduced by maximizing the surface area 
of the solid support on which the antigen—anubody 
and enzymic reactions take place. This goal can be 
achieved by using a suspension of antibody-coated 
microbeads for antigen capture and, in certain cir- 
cumstances, it is possible to combine the capture and 
detector steps by co-incubating coated microbeads 
with the clinical sample and the detector antiserum. 
An alternative way of increasing the surface area of 
the reactions is to use a filter matrix as a support 
medium, which has the added advantage that 
washing is greatly facilitated. 

Microbead and filter-matrix technology can be 
combined by using a matrix to immobilize coated 
microbeads after they have been incubated with a test 
sample and detector antiserum. Current develop- 
ments are, to some extent, hybrids of antigen-capture 
and immunofiltration technologies, although adsorp- 
tion generally replaces suction as a method of immo- 
bilizing targets on filter matrices. Approaches such as 


those outlined above are well suited to automation, 


e.g. Abbott IMX systems, which has in part driven 
their development. 


lmmunofiuorescence (IF) 


This technique is used to detect infected cells in exu- 
dates and secretions by layering a known antiserum 
onto cell spots fixed to glass slides. If the antiserum 
is already labelled with a fluorescent marker when 
the antiserum is applied to the cells, the test is said 
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to be direct. If a second labelled antibody (anti-Ig) 
directed against the unlabelled immunoglobulins of 
the first antiserum is used, then the test is said to 
be indirect. Successful use of IF depends on the 
availability of high-titre specific antisera that react 
with the viral antigen and not with cell antigens or 
other host proteins in the clinical sample. The accu- 
racy and validity of the examination of cells for anti- 
gen is often increased by finding that the fluorescent 
staining is in the correct subcellular location (nuclear 
or cytoplasmic) and of a characteristic pattern (punc- 
tate or globular). For example, uniform intranuclear 
staining is characteristic of herpes simplex virus, 
whereas respiratory syncytial virus (RSV) gives a 
globular, speckled, cytoplasmic pattern. The increas- 
ing number of commercial sources supplying well 
tested, antigen-affinity purified, fractionated antisera 
has greatly simplified the task of the virus detection 
laboratory. 

For virus groups that have numerous serotypes, 
such as the enteroviruses and rhinoviruses, or in 
which viral antigen is retained in the cell for short 
periods only, immunohistochemical detection of 
antigen has limited application, although typing of 
cell culture isolates by IF has been exploited to some 
extent. 

Nasopharyngeal aspirates, sputa, throat washings, 
bronchial washings and lung aspirates. The range of 
antisera used for respiratory tract specimens. would 
usually be influenza A and B (antibody against the 
internal nucleoprotein or ‘soluble’ antigen), adeno- 
virus (antiserum against a broadly reacting strain 
representing antibody to the hexon antigen), para- 
influenza 1, 2 and 3 and respiratory syncytial virus.* 
Other clinical diagnoses (e.g. chronic pneumonitis in 
the newborn, post-transfusion pneumonitis, material 
from an immunosuppressed patient) may require 
that antisera to herpes simplex, varicella-zoster and 
measles viruses, cytomegalovirus or chlamydias be 
included. 

Only one of the antiviral antisera should react 
with the cells in the specimen, providing an in-built 
control for specificity. If the cells react with more 
than one of the test antisera, it must be concluded 
that the fluorescence is not virus-specific, with the 
caveat that on very rare occasions there may be two 
viruses present in the specimen. The antigen de- 
tected is usually in the form of one or more inclusion 
bodies in the cytoplasm of the cells, or nuclear stain- 
ing with herpes simplex virus; this greatly facilitates 
interpretation of the findings. Extracellular antigen 
is more difficult to interpret, although with potent 





* Refer to Methods at the end of this chapter. 
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monoclonal antibodies the individual elementary 
bodies of organisms such as chlamydias or the larger 
viruses of the pox group may be seen. Specimens 
containing large numbers of bacteria* may~be~un- 
satisfactory; they may adsorb serum proteins non- 
specifically and fluoresce. Care must also be taken 


_to ensure that each of the wells contains sufficient 


numbers of cells to ensure that an examination is 
valid; 100 cells per well is desirable, < 10 is not accept- 
able. Moreover, the cells should have come from the 
respiratory tract; buccal squames are not acceptable. 

-Gells from conjunctiva or cornea. Acetone-fixed 
preparations may be stained for chlamydias (Ch. 37), 
adenovirus and herpes simplex virus. The procedure 
for staining washing and examination is the same 
as that described for respiratory specimens. The 
adenovirus antiserum should contain antibody 


against the group-reactive hexon antigen and should " 


have been shown to react with adenoviruses types 8, 
11 and 19, which may be associated with epidemic 
keratoconjunctivitis. 

Urine. Details of the process of collection and 
separation of cells are described below. Acetone- 
fixed cell spots may be stained with antisera to 
cytomegalovirus, measles or adenovirus. Standard 
indirect immunofluorescence may be employed or 
use may be made of the anticomplement immuno- 
fluorescence test in the case of cytomegalovirus. In 
general, this approach has been superseded by direct 
and culture-amplified EJA tests. 


Immunofiltration 


The principle of this technique is immobilization 
of infected cells (from clinical samples) on poly- 
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carbonate or glass-fibre filters, using a simple 96-well 
suction manifold that doubles as an enzyme immuno- 
assay reaction chamber. The manifold is simply a 


modified flat-bottomed microtitre plate: the bottom” 


of each well has a tiny capillary-like hole, over which 
sits a filter disc. When fluid is placed in the chamber, 
surface tension prevents it from leaking out unless 
suction is applied from below. When suction is 
applied fluid is drawn through the drain holes and 
collected in a-waste trap, whereas particulate matter 
(cells and cell debris from the specimen) is retained 
on the filters, ready for sequential incubation with 
immunohistochemical reagents (Fig. 39.1). Like other 
EIAs, detection systems can be direct or indirect 
and enzyme-conjugated antibodies are used to pro- 
vide a final read-out, which may be in a solid or 
liquid phase. The system is probably best suited to 
solid phase readout, which stains individual cells 
trapped in the filter. For peroxidase-labelled detector 
antibodies, aminoethylcarbazole (AEC) is a sensitive 
substrate providing a red reaction product. 

After development, the filters are counterstained 
with Evans blue to check for the presence of trapped 
cells; positive test reactions (red if AEC is the 
substrate) can generally be read by eye. Alternatively, 
single infected cells are readily and rapidly visualized 
(as coloured dots) with a simple plate microscope. In 
its most refined form, immunofiltration can be used 


to distinguish between two or more potential patho- 


gens in the same incubation chamber, by using solid- 
phase read-outs of different colours. For example, a 
single well containing cell debris from a conjunctival 
specimen could be stained for herpes simplex virus, 
adenovirus and chlamydial antigens using a cocktail 
of three detector antibodies each associated with a 
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Fig. 39.1 Cross section of wells in an immunofiltration microtitre plate, illustrating 
the sequential steps used for detection of viral antigen. 


660 


& 


| 
¥ 


ee ee ee a ee 






different enzyme/chromogen system. The colour of 
a positive reaction indicates which infectious agent 
is present. 

Immunofiltration offers a number of advantages 
over conventional immunoassay techniques such as 
antigen capture. First, the assay procedure is greatly 
simplified by the ease with which target immuobiliza- 
tion, incubation and wash steps are accomplished. 


- Second, the total assay time is shortened because (i) 


reaction times can be reduced to a few minutes by 
virtue of the very small volumes needed to moisten 
the filters, and (ii) wash steps are extremely rapid 
(typically 10 seconds) by virtue of the suction process. 
Third, the system is suited to crude preparations of 
whole or fragmented cells, avoiding time-consuming 
and potentially antigen-destroying extraction proce- 
dures. Finally, for solid-phase read-out, photometric 
BIA equipment is not required. Immunofiltration 1s 
suited to small laboratories with a low through-put of 
specimens, in which case manifolds can be custom- 
configured on a daily basis, according to need. The 
technique is also readily applicable to high through- 
put screening assays. The necessary equipment 
for immunofiltration is commercially available (V&P 
Scientific) although the 96-well plates can be con- 
structed in house. A hot wire is used to make a 
small hole in the bottom of each microtitre plate 
well and filters of appropriate size can be punched 
out of polycarbonate or glass-fibre sheets with a 
standard paper punch. After each assay, wells can 
be recharged with fresh filters, i.e. plates can be 
re-used indefinitely. 


Histological and histochemical analysis 
of biopsy specimens 


Frozen sections (4-6 j1m) should be mounted on pre- 
viously acid-washed, gelatin-coated slides (gelatin, 
1% w/v in distilled water, is melted and slides are 
dipped and drained), air-dried and fixed in dehy- 
drated acetone for 10 min at 4°C. Sections of liver 
biopsies may be fixed in formalin 1% v/v (see above). 
Punch biopsies from skin lesions suspected to be 
due to herpes simplex or varicella-zoster viruses 
may be sectioned in the same way and fixed with 
dehydrated acetone before staining with the requisite 
antisera. The examination of brain biopsy speci- 
mens from patients with suspected herpes simplex 
encephalitis is a particularly important application 
of the IF method. The use of potent type-specific 
herpes simplex virus antisera and control antibody- 
negative serum from the same animal species is 
imperative. These sera must be shown not to react 
with uninfected human brain tissue, which must be 
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included in al] tests as a negative control. Sections 
from a known herpes-infected brain must also be 
included in each test run. 

When a brain specimen is obtained from a proven 
case of herpes encephalitis it is prudent to fix and 
store (at —-20°C in an air-tight box) a large number 
of frozen sections for use as positive controls in 
subsequent tests. Failing this, but second best, brain 
tissue from mice inoculated intracerebrally with 
herpes simplex virus can be used as control material. 
Unfortunately the lesion in mouse brain tends to be 
an abscess with extensive antigen deposits in its 
wall rather than an infection of neurones extending 
in a network through the brain tissue as in humans, 
Figure 39.2 illustrates an HSV-positive brain biopsy, 
stained by IF with herpes simplex virus type 1 
antiserum. 


Direct virus diagnosis by detection of 
viral nucleic acids in clinical samples 


Specimens for detection of nucleic acids 


In the virology laboratory, nucleic acid detection is 
particularly useful for rapid diagnosis of pathogens 
difficult or slow to grow in culture and also for 
applications where suitable antigen detection methods 
have not been developed, perhaps because the virus- 
is present in very low concentrations in clinical 
samples. Any tissue or body fluid containing the 
pathogen or its nucleic acid is suitable for DNA 
analysis. DNA may either be extracted from speci- 
mens or be detected in the presence of cellular debs. 


Dot blotting 


For a detailed description of DNA extraction and dot 
blotting, the reader is referred to Chapter 10. Briefly, 
the sample is filtered under suction onto a nitro- 
cellulose or nylon membrane. For detection of HBV 
or parvovirus B19 in serum, samples diluted in dena- 
turation buffer can be applied directly to a nitro- 
cellulose or nylon membrane. The use of a manifold, 
e.g. Bio-Dot apparatus (Bio-Rad), enables multiple 
specimens to be processed in one run. A method for 
detection of HBV DNA by dot blotting is described 
in the Methods section at the end of this chapter.* 


In-situ hybridization 


This technique remains labour-intensive but recent 
advances bring it well within the realms of the rapid 


diagnostic laboratory, though current applications: 
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Fig. 39.2 Section from brain biopsy of a patient with herpes encephalitis stained by immunofluorescence with herpes simplex type 


1 antiserum, 


are few. Of particular significance has been the 
very successful use of digoxigenin as a label for DNA 
and RNA probes, in place of radio-isotopes (Gowans 
et al 1994), Probably more accurately described as 
hybridization histochemistry, the procedure can be 
completed in only a few hours. 


TARGET AMPLIFICATION METHODS 


Culture-amplified EIA and culture- 
amplified IF 


One of the major drawbacks of virus diagnosis has 
been the length of time taken for many cultivatable 
viruses to produce characteristic cytopathic effects 
(CPEs) in cell culture. Attempts to address this issue 
by direct detection of viral antigen or nucleic acid in 
the clinical sample (see above) have revolutionized 
the speed with which many viral infections can be 
diagnosed, but achieving levels of sensitivity com- 
parable to culture has, in many instances, been a 
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problem. For instance, antigen-capture EIA methods 
for detection of HSV typically have a sensitivity of 
80-90% compared with conventional culture. A 
major development has been the introduction of 
culture-amplified EIA which, for many cultivatable 
viruses, satisfactorily combines the sensitivity of 
virus culture with some of the speed and all of the 
selectivity of EIA (or IF). The principle is simple: 
the sample is inoculated into a suitable cell culture 
system, preferably in a multi-well plate format, 
and after a period of incubation (24h for most 
herpesviruses, longer for respiratory viruses, measles 
and mumps) the cells are disrupted and examined in 
an antigen-capture EIA.* In this way, the subjectivity 
of CPE analysis is eliminated. For some viruses, 
direct antigen-capture EIAs may be generally 
unrewarding and therefore not in routine use (e.g. 
measles, mumps). The number of tests for these 
viruses is often smal] and detection of virus after 
culture amplification is conveniently done by staining 
the cell sheets with fluorescently labelled antisera. 
The rapidity of culture-amplified EIA compared 
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with conventional virus culture is based on (1) the 
ability of ELA to detect amplified virus before a suffi- 
ciently large number of cells have become infected 
to produce CPE, or (2) detection of viral gene prod- 
ucts expressed early in the replicative cycle, using 
monoclonal antibodies specifically selected for this 
purpose (e.g. detection of CMV using antibodies to 
the JE-I gene product). | 

In principle, culture-amplified ELA/IF procedures 
can be applied to all cultivatable viruses, except those 
for which strain variation limits the scope of antigen 
detection methods, i.e. rhinoviruses, enteroviruses. 
Culture amplification-followed by nucleic acid detec- 
tion is a currently developing approach to overcome 
this problem, because within each virus group there 
are shared nucleic acid sequences. In practice, the 
properties of the antisera used in the EIA/IF detec- 
tion system play a major role in determining test 
performance. 


Polymerase chain reaction 


Until recently, PCR was widely regarded as a re- 
search tool with limited application at the diagnostic 
workbench. However, with proper attention to the 
problems associated with this technique, the po- 
tential of PCR in clinical diagnosis is enormous. 
Currently, some of this potential is being realized. 

In the context of a diagnostic laboratory, initially 
damning problems of PCR, particularly carry-over 
contamination and generation of non-specific pro- 
ducts, are steadily being addressed and overcome. 
Indeed several kits for the diagnosis of infectious 
disease are now available from Roche, with many 
more on the horizon. 

In principle, PCR is a simple procedure that uses 
a heat-stable DNA polymerase to amplify target 
molecules prior to their detection (see Ch. 10 for 
details). Identification of PCR products is commonly 
done by (1) dot blot hybridization, using a probe 
specific for the amplified sequences, or (2) Southern 
blot analysis. The latter is impracticable for routine 
use but, since the advent of stable, high-quality non- 
isotopic probes, dot blotting is straightforward and 
fast. Use of a hybridization procedure, such as the 
dot blot, identifies the amplified product with a high 
degree of specificity. However, this procedure does 
not address the issue of sample contamination with 
miniscule (but nonetheless detectable) quantities of 
previously amplified target sequences. Recently, 
innovative methods for amplicon containment have 
been developed (see Ch. 10) and these are incorporated 
into the commercially available kits. | 

Thé current flagship of PCR diagnostic procedures 


is the detection of HIV proviral DNA in white blood 
cells. There are several clinical situations in which 
detection of HIV is advantageous. Prominent among 
these are: (1) patients who are suspected of being 
in the ‘window’ period between infection and sero- 
conversion; (2) potentially infected neonates, in 
whom the presence of maternal antibody invalidates 
serological diagnosis of infection for several months; 
and (3) patients with indeterminate Western blot 
results, who might take several weeks to develop de- 
finitive serological evidence of infection. The very 
low levels of HIV in the blood of infected individuals 
has frustrated attempts to develop a satisfactory 
antigen detection system for determining whether or 
not virus is present. Further, the practical difficulties 
of culturing HIV make culture-amplified EIAs a 
cumbersome and impractical approach to rapid diag- 
nosis. In contrast, the highly sensitive Amplicor™ 
PCR assay (Roche) can be performed in Jess than 
3 h. On this basis alone, HIV PCR becomes com- 
petitive as a front-line confirmatory test. 

For historical reasons, diagnosis of chlamydial 


infection often falls within the scope of the virus la- 


boratory, and PCR is well developed in this applica- 
tion. PCR is faster and more sensitive than any other 
method for detecting Chlamydia trachomatis in clini- 
cal samples (Ossewaarde et al 1992) and a commer- 
cial kit is available for this purpose (Amplicor™ 
PCR chlamydia assay; Roche). While EIA is also 
a fast and imexpensive method of detecting C. 
trachomatis, the better sensitivity of PCR may prove 
useful in specific applications, such as detection of 
the organism in male urine samples (Ch. 37). 

There are two other prominent applications for 
PCR in virus diagnosis: 


1. Confirmation of hepatitis C infection, for 
which there is no other satisfactory confirmatory 
test. A suitable protocol for hepatitis C RT-PCR is 
described in detail in Chapter 10. 

2. Diagnosis of herpes simplex encephalitis by 
detection of HSV DNA in CSF. It is clear that PCR 
analysis of CSF is now the method of choice for early 
and rapid specific diagnosis of HSV encephalitis, 
without the need to resort to brain biopsy (Rowley 
et al 1990). 


PCR licensing 

PCR is a patented process and its use for diagnostic 
purposes requires a licensing agreement with 
Hoffmann-La Roche. Irrespective of whether a 
financial gain is made from diagnostic PCR tests, 
royalties are payable to Roche, calculated as a 
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percentage (9% at the time of writing) of the ‘fair 
market value’ of the test. However, all users of Roche 
Amplicor™ systems, or other systems licensed by 
Roche, automaticaliy become licensees and royalties 
are not due on Amplicor™ or other licensed tests. 
For further details and enquiries, contact local repre- 
sentatives of Hoffmann-La Roche, or for direct PCR 
licensing: PCR Licensing Manager, F. Hoffmann-La 
Roche, Building 222/350, CH-4002 Basel, Switzer- 
land: Phone 41 61 687 3031; Fax 41 61 687 2113. 
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PROCESSING OF SPECIMENS 


SoS? 








Specimens should be delivered promptly to the 
laboratory so that no deterioration in the quality of 
cells occurs. In the authors’ practice, many patients 
are referred to a specimen collection centre on-site, 
where samples are collected by a virologist or 
member of the nursing staff, Attention to detail when 
collecting specimens will be rewarded by a higher 
rate of virus detection. 


Skin lesions and vesicle fluids 


When vesicles are present, the clear fluid recovered 
from recent eruptions is by far the most rewarding 
specimen to collect. As some of the fluid may be 
needed for virus culture, the skin should not be 
swabbed with disinfectants that might leave residual 
activity; it may be cleaned with isopropyl] alcohol. 
Separate heparin-treated sterile glass capillary tubes 
are used to draw up fluids — either by capillary attrac- 
tion or by gentle aspiration with a rubber teat — from 
several vesicles after these have been opened with 
the tip of a hypodermic needle. If the fluids are not 
readily aspirated, a larger opening may be needed, 
or a sterile cotton swab may be used to compress 
the vesicle laterally to expel the contents. Protective 
glasses should be worn when collecting vesicle fluids. 
The capillaries for EM and EIA studies are left in a 
labelled Petri dish, while those for virus culture are 
washed out into a small volume of viral transport 
medium in a bijou bottle or small vial. 

Materia] for EIA, culture-amplified ELA and virus 
culture may also be obtained by removing the top 
of the vesicle, swabbing the exposed base, and then 
breaking off the head of the swab in a container 
of virus transport medium, Scrapings may also be 
taken from the base or side of the lesion with a small 
curetting spoon or fine scalpel; the harvested cells 
can then be smeared on slides for IF examination 
and the curette is agitated in virus transport medium 
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to provide samples for culture-amplified EIA. The 
epithelial cells most likely to contain inclusions and 
antigens are those taken from the advancing edge of 
the lesion, ia | | 

Other methods of making cell spreads from a lesion 
include collection with a cotton swab followed by 
‘rolling’ the head of the swab on to a microscopy 
slide; alternatively a sterile microscopy slide may be 
applied to the lesion, and by a combined squeezing 
and twisting action, material can be expressed on to 
a premarked area of the slide. 

If specimens contain visible fragments of skin or 
tissue, it may be more convenient to process them 
further in the laboratory; small fragments should 
be covered with a drop of saline during transit. On 
arrival at the bench, these fragments may be teased 
out with needles for the production of replicate slides 
before air drying and fixation. 

Suspected herpetic whitlows may present some diffi- 
culty. The indurated area may give the appearance 
of containing fluid but incision does not yield fluid 
or pus. If the lesion has already been incised under 
the mistaken impression that there is a bacterial 
infection, then a swab should be dipped in viral trans- 
port medium and the wound area swabbed. If the 
lesion is intact, the skin may be anaesthetized with 
a cold spray and the centre of the lesion gently 
penetrated with a fine hypodermic needle to yield at 
least some tissue fluid and the area then swabbed. 

The skin nodules of molluscum contagiosum or orf 
require a-small incision with a scalpel and a squeeze 
to release the hard molluscum body or internal con- 
tents of the lesion. The harvested material may then 
be dispersed with needles or by squashing between 
one slide and another in readiness for acridine 
orange staining for nucleic acids and for EM to detect 
the characteristic virions of molluscum or orf. Skin 
biopsy is less often called for but, if required, can 
be done with a punch such as that described by 
Oldig-Stenkvist & Gradien (1976). 


Faeces 


Specimens should be obtained in 1—5 g portions or _ 


as fluid stools, depending on the circumstances. 
The former are resuspended by vortexing in phos- 
phate buffered saline to an approximate 20% (w/v) 
suspension, Samples are centrifuged at medium 
speed to remove debris and some bacteria and stored 
at —20°C., 


Nasopharyngeal aspirates 


Nasopharyngeal secretions are the preferred source 


Pas 


i. kh ee EE a ee 2 es be OR ee ES ee ee ese —— 


<3{ + PRACTICAL MEDICAL MICROBIOLOGY 


bs 


1. al? ek 

: FE int SAY es 
Toa coat aaa ie 

> es ve pe opt 
sag eye “aay 


Bhp gel 
ali 
oh ee 7. a 
i | ey P 
ee ae ie he 
Sh 


ro i 


b 








Fig. 39.3 Multi-well slides (Teflon-coated) as used for an indirect test. Cells from the patient's respiratory tract are first dried on to 
each well and fixed. See text for details. Antisera are added as described. 

(a) Layout: seven wells with seven specific rabbit sera to relevant respiratory viruses; one well with plain rabbit serum. After a first 
incubation period washed slides are blotted dry and all wells reacted with tagged anti-rabbit globulins. 

(b) Incubation box keeps reagents from drying out during incubation at 37°C. 


infection), recognition of molluscum bodies, expres- 
sion of the contents of follicles on the tarsal conjunc- 
tiva, all require experience. The samples submitted 
should include: at least three smears of cells on 
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microscopy slides for Giemsa staining and IF or 
immunoperoxidase (IP) for viral and chlamydial an- 
tigens; a swab from cornea or conjunctiva, the head 
of which is broken off into viral transport medium for 
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Fig. 39.3 Multi-well slides (Teflon-coated) as used for an indirect test. Cells from the patient's respiratory tract are first dried on to 
each well and fixed. See text for details. Antisera are added as described. 

(a) Layout: seven wells with seven specific rabbit sera to relevant respiratory viruses; one well with plain rabbit serum. After a first 
incubation period washed slides are blotted dry and all wells reacted with tagged anti-rabbit globulins, 

(b) Incubation box keeps reagents from drying out during incubation at 37°C. 


infection), recognition of molluscum bodies, expres- microscopy slides for Giemsa staining and IF or 
sion of the contents of follicles on the tarsal conjunc- immunoperoxidase (IP) for viral and chlamydial an- 
tiva, all require experience. The samples submitted tigens; a swab from cornea or conjunctiva, the head 
should include: at ‘least three smears of cells on of which 1s broken off into viral transport medium for 
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virus culture; and swabs for chlamydia culture in the 
appropriate transport medium. 


Biopsy and surgical specimens 


Biopsy specimens may be requested by the virologist 
or reach the laboratory indirectly via the his- 
topathologist. These commonly include samples of 
tissue from brain, lung, liver, kidney or lymph nodes, 
although samples may be taken from any level of the 
gastrointestinal tract or even heart muscle. 

Brain biopsy. These specimens, which come pri- 
marily from suspected cases of herpes encephalitis, 
are particularly critical samples for case manage- 
ment, and examination is a team effort. The labora- 
tory should be notified well in advance by the 
neurosurgeon that a biopsy sample is to be taken; its 
examination should be coordinated with the neuro- 
pathologist. A member of the laboratory staff should 
wait in the outer room of the operating theatre. 
and receive the sample of tissue which should be 
placed by the surgeon in a dry sterile container. 
The sample is brought back to the laboratory at once 
and divided in consultation with the neuropatholo- 
gist. Part is fixed for histological examination, and 
part is used for frozen sections, cut either by the 
neuropathologist or the virus laboratory. The re- 
sidual material is emulsified in a tissue grinder 
with broth (if bacteriological examinations are also 
required) or with virus transport medium. 

The emulsified suspension can be used for inocu- 
lation of cell cultures and for direct and culture- 
amplified ELA tests for herpes simplex antigen. 
Frozen sections are examined at once by IF or IP 
techniques for herpes simplex antigen. It should be 
appreciated that only a proportion of presumptive 
cases of herpes encephalitis eventually prove to be 


‘so. Consequently, the division of the biopsy sample, 


and the planning for serial serological sampling of the 
patient, need to take account of ‘allergic’ encephalitis 
(histological examination) as a response to viral in- 
fection or agents such as Mycoplasma pneumoniae; 
infection with pathogenic amoebae; and bacterial 
infection partly suppressed by antibiotic treatment. 
The neurosurgeon may also be able to obtain a 
sample of CSF from the ventricle at the time of taking 
the brain biopsy. This may yield ceils containing virus 
or antigen when these are not present in samples 
of lumbar CSF. 

Respiratory biopsies. Specimens for the diagnosis 
of serious respiratory disease may include tissue ob- 
tained by open or trans-bronchial biopsy. Emulsified 
lung tissue can be tested by antigen-capture EIA, 
culture-amplified EIA and culture. As with brain 
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biopsy, a team approach is required to ensure that 
histological examination is performed (viral inclusions 
and Pneumocystis carinii), that the clinical micro- 
biologists are involved (Legionella pneumophila), and 
that mycoplasma culture is performed. As an adjunct 
to EIA, frozen sections of tissue aspirates can be 
examined immunohistochemically, particularly for 
viruses of the herpes group (e.g. CMV and HSY). 
According to the patient’s history and age group, 
consideration should also be given to preparing the 
specimen for examination for chlamydia antigen or 


_for culture.of the organism (Ch. 37). 


Liver tissue. Here again, a broad approach — histo- 
logical, microbiological and virological — is required 
as dictated by the clinical history. Many liver biopsies 
will have been collected with the object of confirming 
acute or chronic infection with hepatitis B virus; 
processing needs to cover histological examination 
and examination of frozen sections for HBsAg, 
HBcAg and HBV DNA. 

Although HBsAg and HBcAg may be detected 
in fixed tissues, it is necessary to use frozen tissue 
sections for maximum sensitivity. Liver biopsies 
should be snap-frozen and kept frozen to avoid ice 
crystal damage. This is most conveniently performed 
by embedding the biopsy specimen in a large drop 
of OCT embedding compound (Miles) mounted on 
a 2mm thick, } cm diameter piece of cork. The 
cork is then held with forceps immediately above 
the surface of liquid nitrogen until the OCT is three 
quarters frozen and then plunged into the nitrogen 
for not less than 1 min. The cork-mounted sample 
may then be wrapped in precooled aluminium foil 
for long-term storage at —70°C, or attached to or 
removed from a cryostat specimen holder several 
times without thawing. 

In other circumstances, e.g. investigation of 
pyrexia of undetermined origin, fixed histological 
and frozen sections should be prepared and culture 
strategies must take into account not only viruses 
such as CMV, rubella and adenovirus, but also 
agents such as Coxiella burnetii (Ch. 35) and Myco- 
bacterium tuberculosis (Ch. 18). Consequently, rapid 
transport in a dry sterile bortle and, after decisions 
about testing have been taken, the use of antibiotic- 
free transport medium is a wise precaution. 

Lymph node biopsy. In addition to planning 
with other departments for specialized histological 
examination to exclude, depending on clinical his- 
tory, infection with mycobacteria, fungi and the 
organism of cat scratch fever, impression smears are 
prepared for IF or IP examination with antisera to 
adenovirus, herpesviruses, and possibly Epstein—Barr 


~ virus (EBV). Virus culture should include inocula- 
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tion of tissue homogenate into culture as well as 
dicing‘ the tissue to make suspended cell fragments 
which are placed on feeder layers of cells. At the 
present time, EBV infections are probably ‘best 
excluded by serological tests rather than by attempts 
to grow virus or detect viral nucleic acid. Neverthe- 
less, nucleic acid probes for most relevant viruses 
are readily available, and detection of viral nucleic 
acids is becoming an increasingly important diagnostic 
approach, particularly in specialist laboratories, 

Kidney tissue. Depending on the clinical history, 
provision is made for histological examination and 
culture for fastidious bacteria, e.g. leptospiras, as 
well as for rubella, measles, adenovirus, certain 
enteroviruses and cytomegalovirus. 


Urine 


With the current availability of rapid and sensitive 
direct and culture-amplified EIA techniques, micro- 
scopic examination of infected exfoliated cells for 
inclusion bodies of CMY, measles or other viruses 
is now done rarely. However the technique may occa- 
sionally be useful. Freshly voided samples of urine 
are collected in sterile containers with an antibiotic 
solution (gentamicin 100 pg/ml, mycostatin 100 pg/ml) 
and transferred at once to the laboratory where they 
are held at 4°C and not frozen. After light centrifuga- 
tion (500 g for 15 min), the supernatant fluid may be 
used for inoculation of cell culture. Deposits from the 
urine may be mixed with an equal volume of 95% (v/v) 
ethanol and either filtered through a 0.45 um Millipore 
filter, from which smears are made on microscopy 
slides, or deposited on slides with a cytocentrifuge. 
Smears are covered with a few drops of Parlodion 
(1 g Parlodion mixed with 200 ml of 95% v/v ethanol 
and anhydrous ether) and then stained with Papani- 
colaou, Giemsa or haematoxylin and eosin (Fetterman 
1952, Margileth 1955, Schumann et al 1977). 

Cells separated from urine, or in a similar way 
from milk, saliva, cervical secretions, or in impression 
smears from biopsy specimens, may also be fixed 
for IF examination for CMV and other antigens 
(Reynolds et a] 1979). 


METHODS =. 


Antigen-capture EIA 


Chapter 9 describes direct and indirect antigen-capture 
protocols that are readily adaptable for a wide range of 
viruses. The greater the specificity of the capture and 


detector antibodies, the better the test will perform. 
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Best results are usually achieved with polyclonal rather 
than monoclonal capture antibodies. When high-titre, 
high-affinity monoclonal antibodies are used in the 
detector system, the capture antibody can sometimes 
be omitted, i.e. proteins in the clinical sample, including 
the antigen of interest, can be adsorbed to the plate 
directly. Chlamydial antigens and HSV can be detected 
in this way. 


Iimmunofiuorescence 


A generic IF method is outlined in Chapter 44. The 
following protocol! for IF staining is suitable for testing 
nasopharyngeal aspirates for the presence of respiratory 
pathogens. = ad 


1. Prepare cell spots from the specimen on a multi- 
spot glass slide (see Collection and initial processing 
of specimens above). . 

2. Apply primary antisera (at previously determined 
optimal dilutions) to cell spots on the slide. Use a stand- 
ard template to record the positions of each antiserum. 

3. Incubate the slide in a moist chamber at 37°C 
for 30 min. 

4. Gently wash twice (5min each) by immersion 
in PBS. 

5. If a direct test is being used, the slide is mounted 
for examination at this stage, as follows. Turn the slide 
on its edge and gently tap on a tissue or filter paper to 


drain as much of the PBS from the surface as possible; 


use the tissue (or a dry cotton swab) to dry the surface 
of the slide gently without touching the contents of 
the wells. Overlay the slide with glycerol buffer (pH 8.6) 
and carefully place a large cover-slip over the whole 
surface. Finally, seal the cover-slip into position by 
painting the edges with colourless nail varnish. Alter- 
natively, permanent mountants such as Eukitt (quick 
hardening mounting. medium for microscopy speci- 
mens; Zeiss) or Elvanol (Heimer & Taylor 1974) may be 
used instead of the buffered glycerol. This makes for a 
stable preparation, as the cover-slip is firmly anchored, 
and also permits re-examination of the specimen at a 
later date if there is doubt about the findings, particu- 
larly when the results of virus culture on the same 
specimen need to be compared with the results of 
direct diagnosis. Optional additional steps in the stain- 
ing procedure are (i) to counterstain with Evans blue 
0.01% (w/v) in PBS for 10 min with a 10 min PBS wash; 
the dye fluoresces red and blankets non-specific cell 
staining by the-fluorescein conjugate, and (ii) to incor- 
porate h-propyl-gallate into the mountant as a stabilizer 
to prevent photo-bleaching (Giloh & Sedat 1982). 

6. If an indirect test is used, a fluorescein: or 
rhodamine-conjugated anti-lg is applied to each spot 
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Fig. 39.4 
followed by fluorescein-tagged goat anti-rabbit globulins. 
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Immunofiuorescence of cells infected with respiratory syncytial virus and stained by the indirect method with rabbit anti-ASV 


(a) Cells and debris from nasopharyngeal aspirate: poor morphology, but cells are specifically stained. 


(b) HeLa cells grown on a cover-slip. 
(c) Human fibroblast cells grown on a cover-slip. 
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Minor differences in distribution of antigens are seen between cell lines, but only the infected cells show green fluorescence while 
background cells take up a counterstain (Evans blue). Cells of this type are used to determine the optimal working dilutions of newly 


prepared sera. 


DNA and tRNA should be boiled in the formamide 
in a 10 ml centrifuge tube prior to mixing with the 
other reagents. 

0.5 ml! sterile molecular biology grade dH.O. 


Prehybridization and hybridization 


', Add 10 ml of prehybridization solution to a hy- 
bridization bag containing the membrane. Remove all 
air bubbles and doubje-seal top of bag. 

2. Place sealea bag in plastic box containing dH.O. 

3. Incubate at 47°C for at least 2h in shaking 
water-bath. 

4. Prepare hybridization solution just prior to use. 
Boil the DIG-RNA-probe for 10min, then cool on 
crushed ice. To 5 m! hybridization solution in universal 
container, add required volume of probe to give 
approximately 50-100 ng DIG-RNA/mI. 

3. Open membrane bag at one corner, pour off the 
prehybridization solution and replace with hybridization 


CE 


solution (containing the DIG-RNA-probe) using a sterile 
pipette. Remove all air bubbles. Double-seal the bag. 
6. Incubate overnight at 47°C. 


Post-hybridization washes 


i. Rinse membrane in plastic container in 500 ml 
2x SSC (1x SSC = 0.15M NaCl, 0.01 M trisodium 
citrate) 0.1% SDS at room temperature. 

2. Wash with 500ml 2x SSC 0.1% SDS at room 
temperature for 15 min on rotating platform. 

3. Wash twice for 15 min in 500 mi of 2x SSC 0.1% 
SDS at 68°C. 

4. Wash twice for 15 min in 500 ml of 0.1x SSC 0.1% 
SDS at 68°C. 

5. Rinse membrane quickly in 500 ml 0.ix SSC 
0.1% SDS at room temperature. 

6. Dry membrane between pieces of Whatman 
paper. Air-dry and.store between Whatman paper 
ready for immunological detection. 
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Detection of bound probe 


All incubations except colour detection are done in a 
plastic container at room temperature on a rotating 


platform with shaking. DIG buffers and DIG-AP™ 


conjugate are manufactured by Boehringer. 


1. Wash membrane for 1 min in DIG buffer 0.5—1 cm 
deep. 

2. Incubate for 30min with 100ml DIG buffer 2 
(to block filter). | 

3. Wash briefly in DIG buffer 1. 

4. Dilute DIG-AP conjugate 1:5000 in a 1:1 mixture 
of buffer 1 and buffer 2, i.e. 4 yl in 10 ml buffer 1, 10 ml 
buffer 2. 7 

5. Incubate for 30 min with 20 mi of diluted antibody 
conjugate. | 

6. Wash x2 for 15min with 100 mi DIG buffer 1 
(to remove unbound antibody conjugate). 

7. Wash for 2min with 20m! DIG buffer 3 (to 
equilibrate membrane). 

8. Incubate filter in dark, DNA side down, with 20 ml 
of freshly prepared colour substrate: 90! NBT- 
solution; 70 yu! X-phosphate-solution; 20 jl DIG buffer 
3, Place parafilm over filter to prevent exposure to air. 

9. Stop reaction by washing for 5 min in 50 ml DIG 
buffer 4, in a separate plastic container. 

10. Blot dry the filter and photocopy in plastic. 


Culture-amplified EIA 
Samples are prepared as for virus culture (Ch. 40), 
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which in many instances is done in parallel, either as 
a quality control measure or for subsequent typing 
or subtyping of virus isolates. Choice of cell types 
depends on the specimen to be inoculated, as for 








conventional virus culture (Ch. 40). In the authors’ 
laboratory, culture amplification is done in 96-well flat- 
bottomed cell culture plates, as follows: 


1. Wash confluent monolayers twice with PBS; | 
top up wells with 100 yl of appropriate maintenance | 
medium. © ) , | | 

2. Add samples (100 ul) to each well on the | 
specimen plate; centrifuge for 1h at 1000 g at 37°C. | 

3. Carefully remove the medium from each well and | 
replace it with 200 pl of fresh maintenance medium. 

4. Incubate plates for the required length of-time | 
at 37°C in a 5% CO, enriched atmosphere; after incu- | 

| 
| 


bation remove and disrupt cells by freeze thawing and 
“sonication (20 min). Salt 7 


Contro! wells should include uninoculated mono- 
layers and known positive controls for each relevant 
virus type. Sonicated cell preparations can be passed 
on to the same antigen capture assay used for direct 
virus detection. When the sample must be inoculated 
into more than one cell type, ¢.g. respiratory samples 
for detection of influenza, paramyxo-, adeno- and 
respiratory syncytial viruses, individual laboratories l 
should determine the desired format of the microtitre . 
plate. It is convenient to use a separate plate for control 
samples. The formats used in the authors’ laboratory 
for test and control plates is shown in Figure 40.2. 
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The basic principles of culturing eukaryotic cells 
in vitro have not changed significantly for several 
decades but the practical aspects of cell culrure (in- 
cluding cost and safety) have been revolutionized 
by the easy availability of high-quality disposable 
plastic cell-culture ware. The cell culture techniques 
described in this chapter are directed to the following 
applications: (1) culture of viruses from clinical 
specimens; (2) preparation of virus-infected cell 
monolayers, dispersed cells, or cell sonicates for use 
as positive controls in antigen detection tests (Ch. 9) 
or as sources of antigen for the detection of antibody 
by immunofluorescence, enzyme immunoassay or 
complement fixation (Ch. 9); (3) quantification of 
infectious virus; and (4) measurement of neutralizing 
antibody. 


Ceil culture systems 


Monolayer cultures 


Cell monolayers are most commonly used for the 
culture of viruses. There are three categories, namely 
(1) primary, (2) semi-continuous, and (3) continuous 
cell cultures (Moffat 1973). — 

Primary cultures. Viable cell suspensions may 
be obtained by dissociating tissues or organs, e.g. 
human amnion, with trypsin, collagenase or other 
enzymes. When placed in culture vessels with nutri- 
ent media, viable cells adhere to the wall of the vessel 
and begin to multiply. Multiplication ceases when 
neighbouring cells touch (contact inhibition), result- 
ing in the formation of a sheet of cells, one cell deep 
(a monolayer). Because metabolic activity in such 
a culture is low, the accumulation of acid in the 
medium is slow, which in turn means that the cells 
are easily maintained. The cells in primary cultures 
generally possess a diploid complement of chromo- 
somes characteristic of the tissue cells of the donor 
animal. 

Although particularly useful for the isolation of 


viruses such as the echoviruses or orthomyxoviruses, 
primary culture techniques have several practical 
disadvantages. Cultures have to be prepared de 
novo from fresh tissue samples, which may either 
be difficult to obtain or may require special care in 
preparation. The presence of contaminating or endo- 
genous viruses, latent in the animal host, could be 
hazardous and may give difficulties with cell growth 
and virus isolation. Primary cultures established from 
the organs of different individuals of the same animal 
species may vary in their ability to support replication 
of the same virus. 

Semi-continuous cell cultures (cell strains). Semi- 
continuous cell cultures are established with the 
successful subculture of primary cell monolayers. 
With methods currently available to the diagnostic 
laboratory, these cultures consist mostly of spindle- 
shaped fibroblastoid cells. When established from 
human embryonic tissue or neonatal foreskin, these 
semi-continuous cell cultures may undergo up to 
50-100 population doublings before senescence 
and death of the culture. Cultures are maintained by 
creating a bank of frozen cells (in liquid nitrogen) 
from early passage harvests, from which samples are 
periodically revived to initiate cultures that may be 
used for up to 8~10 passages before a change of 
viral susceptibility or senescence occurs (Hayflick & 
Moorehead 1961, Hayflick 1965). Like primary cells, 
the cells in this type of culrure maintain the normal 
diploid chromosome complement. Although semi- 
continuous cultures are easily established and pro- 
vide an abundant source of cells, they may not be as 
susceptible to some viruses as true primary cultures; 
also at higher passage levels, the cells may vary 
in their ability to support virus replication. Examples 
of fibroblast strains are MRC5 and WI38. 

Continuous cell cultures (cell lines). Characteristi- 
cally, these cells may be serially subcultured indefi- 
nitely on glass or plastic surfaces. Some lines will 
also grow in suspension culture, unlike primary or 
semi-continuous cell cultures which require an 
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anchorage on glass or plastic. Continuous cultures 
are produced either by transformation (spontaneous 
or engineered) of cell strains tm vitro, or by culture 
of cells taken from tumours. The number of cells 
required to initiate a culture on glass or plastic is 
low compared with that for primary cells or semi- 
continuous cell strains (i.e. high plating efficiency). 
Relative to the latter, requirements for serum or 
other nutrients are less, growth rate 1s faster and con- 
tact inhibition is lost. Consequently the cells have a 
tendency-to overgrow, and often require more fre- 
quent attention than those in primary cultures. 
Although the cells of continuous lines are not neces- 
sarily tumorigenic in vivo, they are effectively immor- 
tal in vitro and their chromosome complement is 
heteroploid. | 

Patterns of respiratory metabolism are altered with 
increased production of acid from glucose. The ease 
of propagation of continuous cell lines is to some 
extent offset by the need to maintain the pH of the 
culture around 7.0 by addition of buffer, or changing 
the medium, or both. Without this attention cells 
die or become detached (‘metabolic degeneration’). 
Control of pH is effected partly by the addition of 
sodium bicarbonate to the medium, and incubation 
of the cells in a carbon dioxide-enriched atmosphere. 
Usually some phosphate buffer is also present. 
The.zwitterionic buffer N-2-hydroxyethylpiperazine- 
N’-3-ethanesulphonic acid (HEPES; Good et al 
1966) is useful because it overrides all other buffers 
present and obviates the need, in many instances, for 
a CO,-enriched atmosphere. This allows incubation 
of open cell cultures (e.g. in multi-well plates) in a 
humidified incubator. 

The following continuous cell lines are commonly 
used by diagnostic laboratories: HeLa (human cervi- 
cal carcinoma), HEp2 (human epithelial), BHK 21 
(baby hamster kidney), MDCK (dog kidney), RK 13 
(rabbit kidney), Vero (African green monkey kidney) 
A549 (human lung carcinoma), LLC-MK2 (rhesus 
monkey kidney), BGM (buffalo green monkey 
kidney) and a human rhabdomyosarcoma cell line 
(RD cells). HeLa and HEp2 cells are of use for the 
cultivation of herpes simplex virus (HSV), adeno- 
virus, poliovirus and some Coxsackie viruses. Some 
special clones of HeLa cells (e.g. Hela ‘Bristol’ or 
‘Ohio’) are susceptible to respiratory syncytial virus 
(RSV) and some rhinoviruses. Vero cells will also 
support growth of these viruses and are used along 
with BHK 21 cells for growth of arboviruses. RK 13 
cells and BHK 21 cells are of value for the isolation 
and propagation of rubella virus. RD cells are 
claimed to be of value for the isolation of Coxsackie 
A viruses. 
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This collection of continuous cell lines requires, 
however, to be supplemented with human diploid 
fibroblasts or human embryonic lung (HEL) cells 
for the culture of cytomegalovirus (CMV), varicella- 
zoster virus (VZV), many enteroviruses and 
rhinoviruses. Ortho- and para-myxoviruses require 
combinations of human diploid fibroblasts or HEL 
cells, primary monkey kidney cells (if available), 
trypsinized MDCK cells, trypsinized LLC-MK2 
cells and even on occasion (for some influenza A 
strains) inoculation of the chick embryo amniotic 
cavity (for chick embryo culture techniques, see the 
12th edn of this book, Vol. 2, Ch. 10). 

The high plating efficiency and ease of growth 
of cells such as HeLa has led to numerous initially 
unrecognized episodes of cross-contamination of 
primary or semi-continuous cell cultures and conse- 
quently to claims of the establishment of ‘new’ 
stabilized continuous lines of, for example, human 
amnion and human hepatocytes. Isoenzymes of 
glucose-6-phosphate dehydrogenase (G6PD), and 
other isoenzymes, are of central importance in estab- 
lishing the identity of ‘new’ continuous lines of cells 
(Gartler 1967). For instance, HeLa cells, which 
were originally derived from human papilloma virus 
type 18 infected cervical cancer tissue, possess the 
fast isoenzyme of G6PD. Inspection of the catalogue 
of the American Type Culture Collection, in which 
some cell strains or cell lines are categorized as 
having Hela type isoenzymes rather than those of 
the tissue and animal from which they are said to be 
derived, will serve to illustrate the problem of cell- 
to-cell contamination. The problem is not confined 
to HeLa cells; for example, McCoy ‘human synovial’ 
cells are in fact mouse fibroblasts. However, some 
of the cell lines which have arisen as a result of 
contamination have altered characteristics, such as 
increased sensitivity to some viruses, compared with 
the presumptive parent line. Presumably the con- 
tamination represents an inadvertent cloning of a 
more sensitive subline. 


Tissue and organ cultures 


It is unlikely that tissue or organ cultures will be 
used routinely but they are mentioned briefly for 
completeness. 

Tissue cultures. The culture of small tissue frag~ 
ments — rather than the cells dispersed from them 
by digestion — although not often used for routine 
diagnostic purposes, has in the past provided an 
alternative to monolayer cultures for viral culture. 
The technique has a particular application in the iso- 
lation of viruses in the ‘latent’ state. “Explant’ culture 
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of fragments of the tissue harbouring the virus 
(e.g. HSV) or co-cultivation of tissue fragments with 
a susceptible cell monolayer, may be successful 
when merely grinding the tissue and inoculating cell 
monolayers is not. 

Small (1 mm’) pieces of tissue can be attached to 
a glass or plastic surface in a tube or small Petri 
dish either by placing them in a drop of plasma 
and clotting this with thrombin, or more simply by 
warming (45°C) the glass or plastic in the vicinity 
of the fragments, before covering them with growth 
medium. On incubation, celis migrate from tissue 
fragments attached to the culture vessel surface. 
Migrating cells continue to multiply and eventually 
form primary monolayer cultures. Valuable primary 
cultures of fibroblasts (Green 1973) or epithelial 
cells (Stanley & Parkinson 1979) may be established 
from cultured tissuie in this manner. Such cultures 
have the advantage that several cell types are available 
to support virus multiplication. 

Organ cultures. Organ cultures are éssentially 
cultured tissue pieces in which the architecture of 
the tissue is retained and the cells maintain their 
differentiated state. Migration of cells from the tissue 
fragments may be discouraged by culture manipula- 
tion (Paul 1970) or, in particular, by lowering the 
serum content of the growth medium. Organ cultures 
may be superior to cell monolayers, tissue cultures 
or other de-differennated cell preparations for the 
growth of some fastidious viruses. Thus, Tyrrell & 
Bynoe (1965) used organ cultures of ferret tracheas 
to isolate new rhinoviruses and coronaviruses. 


Selection of culture media 


A range of media have been formulated for the 
growth of vertebrate cells in culture. These incorpo- 
rate various concentrations of amino acids, vitamins, 
enzymes, growth factors and inorganic salts. Glucose, 
fructose or galactose are also added along with 
glutamine to provide a carbon source for cell metabo- 
lism. The more common of these media formulations 
are available in either single strength, concentrated 
or powdered forms from many commercial suppliers. 

A variety of different media will usually provide 
adequate support for the growth of any one cell 
type. Selection of media for use in the diagnostic 
laboratory will be influenced by the type of cells 
chosen for culture and the commercial availability 
of different media formulations. Most laboratories 
are not equipped for the arduous task of media 
preparation from basic materials and the purchase 
of ready-to-use media is expensive. The use of com- 
mercially available media in powdered form, to be 
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made up for use with ultra-pure water and sterile 
membrane filtration equipment, provides a convenient 
alternative. 

There is a bewildering variety of formulations 
for cell culture media but, fortunately, all of the con- 
tinuous adherent cell lines in common use in the 
diagnostic setting (see above) can be adapted to 
grow in Dulbecco’s Minimal Essential Medium 
DMEM).* The latter can also be used to culture 
human fibroblasts (e.g. MRC5) and HEL cells 
although, for this purpose, better results may be 
obtained with CMRL medium* (named from Con- 
naught Medical Research Laboratories), which is 
particularly suited for the propagation of semi- 
continuous cell lines. For growth of lymphoblastoid 
cells in suspension, RPMI 1640* is generally recom- 
mended. It should be noted that, when handling 
newly acquired cells, it is desirable to propagate them 
in the medium to which they are adapted before 
attempting innovations. 

For low-volume usage it is convenient to recon- 
stitute and store media formulations (without serum) 


at 10 or 20 tmes working strength. Small volumes 


of concentrated stock can then be diluted with sterile 
purified water before use. If media are stored in 
solution at 4°C for more than 1 week it may be 
necessary to add additional glutamine immediately 
prior to use. At the other end of the spectrum, when 
usage is high, working dilutions of media can be 
stored at 4°C for 1-2 weeks. However, it is prefer- 
able to add serum and antibiotics immediately before 
use, 


Conditions for growth of cell cultures 


Optimum pH. ApH range of 7.1-—7.5 is required for 
the growth of eukaryotic cells. Most culture media 
use bicarbonate buffer systems (CO,/HCOQO,) to 
help maintain pH. These media are formulated with 
NaHCoO,, and CO, is either provided by the cultured 
celis as a metabolic by-product (necessitating a 
tightly closed vessel) or by enrichment of the 
atmosphere using a CQO, incubator. Media formu- 
lated with Hanks’ balanced salt solution contain 
0.33 g NaHCO, /litre and are suitable for use in 
closed culture systems. Media containing Earle’s salt 
solution have 2.2g NaHCO, /litre and are more 
commonly used with open cultures incubated in a 
5% CO, atmosphere (Paul 1970). 

It is common to supplement the bicarbonate 
buffer system with HEPES, which in concentra- 
tions of between 10 and 25 mM (2.38-5.95 g/litre) is 


* Refer to Methods at the end of this chapter. 
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non-toxic to most cells and viruses and effectively 
maintains pH (Shipman 1973). HEPES buffered 
media are available from commercial suppliers or 
HEPES may be added to media preparations before 
filter sterilization. The pH is usually adjusted with 
sodium hydroxide. 

Osmolality. The growth of cells in culture de- 
pends on an optimum range of osmotic pressures, 
usually between 280 and 320mmol/kg (Ham & 
McKeehan 1979). Osmometers recording freezing 
point depression are conveniently used to measure 
the osmolality of culture media: Measurements 
should be taken after complete medium has been 
prepared and the pH adjusted with HEPES/NaOH, 
or after equilibration of bicarbonate buffered media 
with CO,. Waymouth (1973) and McLimans (1979) 
should be consulted for further information concerning 
osmolality determinations, 

Serum. Balanced salt solutions will support cell 
proliferation only when supplemented with serum, 
lactalbumin hydrolysate or other supplements. ‘The 
serum has several functions. It provides essential! 
amino acids, nucleic acid precursors and fatty acids 
and regulates the availability of the latter. It pro- 
vides hormones and inhibits the proteases used for 
routine dissociation of cells for culture, Conven- 
tionally, fetal or new-born calf serum are used at con- 
centrations of 5—15% (v/v) to promote cell growth 
and at reduced concentrations of O—2% (v/v) for 
maintenance of confluent monolayer cultures. Horse 
serum or human serum may be used; the former 
may be too stimulatory for continuous cel] lines 
and the latter may contain antibody or may be toxic. 
The proliferation of fastidious cells in culture often 
requires the use of fetal calf serum. 


Sterile serum preparations are usually obtained 


from suppliers of biological reagents. As serum 
batches vary widely in their ability to support cell 
growth, it is usual to test samples from a batch 
before purchase. Satisfactory batches should then be 
acquired in substantial amounts and stored at —70°C. 
Repeated freezing and thawing should be avoided. 
Antbiotics. Non-toxic antibiotic solutions may 
be incorporated into culture media for the prevention 
of bacterial and fungal infections. Antibiotics pro- 
viding broad-spectrum protection from bacterial 
contaminants are: benzylpenicillin, 20-100 units/ml; 
gentamicin, 16—50 1g/ml; and tetracycline, 10 jig/ml. 
Amphotericin B, 0.5 g/ml, or nystatin, 50 units/ml, 
are recommended for control of fungal infections. 
An extensive list of antibiotics and their concentra- 
tions for use in cell culture is given by Perlman 
(1979). Antibiotic powders are dissolved in sterile 
distilled water with aseptic precautions. The possi- 
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bility of contamination of the antibiotic solution 
with microorganisms resistant to the antibiotics in 
the mixture must be borne in mind; if there 1s doubt 
about the sterility of the product, the final solution 
should be filtered. Stock -solutions* should be 
stored frozen. Antibiotic solutions for addition to 
clinical specimens should be dispensed in convenient 
amounts in ampoules, bijou bottles or small serum 
containers which are used once and discarded, so as 
to avoid the cross-contamination between specimens 
that may arise from the use of a single bottle of 
antibiotic repeatedly opened and sampled. 


Contamination of cell cultures 


Cell cultures may be contaminated with bacteria, 
moulds, yeasts, mycoplasmas, viruses or other 
eukaryotic cells and even amoebae (Fogh 1973). 
Contamination may originate from the environment, 
from the use of inadequately sterilized media or 
other solutions, from tissue specimens or from poor 
aseptic techniques. 

Observation of the following measures will help 
to minimize contamination in the cell culture 
laboratory (Armstrong 1973, Wolf 1979): 


1. Media and other solutions should be thoroughly 
tested for sterility before use. 

2. Serum purchased from supply houses should 
be certified as free from bacteria and mycoplasmas. 
Serum samples may be requested before purchase 
to confirm not only growth-promoting ability but 
also sterility. 

3. Cultures should be tested, at least twice a year, 
for mycoplasmas (Ch. 36) and other contaminants. 

4. Uncontaminated frozen cell stocks should be 
available for replacement of all cultures routinely 
handled by the laboratory. 

5. Contaminated cultures should be immediately 


discarded and replaced with new stock cultures if 


possible. Contamination is usually considerable by 
the time it is detected and is therefore difficult, time- 
consuming or impossible to treat. 

6. Treatment of contaminated cultures may be 
attempted if the organism is isolated and identified, 
and sensitivity tests are performed. Strict isolation 
procedures must be followed if the contaminant is to 
be confined to the original infected culture(s}. Treat- 
ment of infected cultures with antibiotics may only 
suppress microbial growth; contaminating organisms 
may reappear when antibiotics are withdrawn. 

7. The isolation and identification of contaminat- 
ing organisms may help to indicate the primary 
source of contamination. 





8. It is not uncommon to find contaminants in 
cultures acquired from other laboratories. If pos- 
sible, seed cultures should be purchased from the 
American (or other) Type Culture Collection or from 
supply houses which certify their cell stocks as being 
pure cultures not containing cellular or microbial 
contaminants. 

9. Culmres imported from non-certfied sources 
should be strictly isolated until sterility and verifica- 
tion tests can be completed. 

10. Stock cultures should be handled infrequently 
and only by persons trained in aseptic techniques. 
Mouth pipetting should never be used in the cell 
culture (or any other) laboratory. 

11. The use of laminar flow cabinets for culture 
manipulations will minimize contaminants from 
airborne sources. 


Periodic checks of cell identity are required in order 
to detect cell-to-cell contamination and to establish 
the identity of cells acquired from other laboratories 
(see Stulberg 1973, Nelson-Rees et al 1981). Methods 
that may be employed are: 


1. Chromosome counting. 

2. Mixed haemagglutination test (Coombs et al 
1961). 

3. Analysis of isoenzyme pattern (Gartler 1967). 

4. Immunofluorescence (Simpson & Stulberg 
1963). 

5. Cytotoxicity test (Greene et al 1964). 


Of these techniques, isoenzyme analysis is con- 
venient (Peterson et al 1979). Kits for the deter- 
mination of the isoenzymes of glucose-6-phosphate 
dehydrogenase are available (Coming Authentikit 
Systems, Innovative Systems). 


LABORATORY PROCEDURES 


Equipment for cell culture 


Biohazard cabinets. Class II protective cabinets 
are essential to reduce the risk of (1) contaminating 
cell cultures with airborne organisms, and (2) infect- 
ing operators with potentially pathogenic organisms 
present in the cells. 

Microscopes. An inverted microscope 1s necessary 
for the direct viewing of cells cultured in plastic 
or glass vessels. A microscope fitted with a phase- 
contrast or a Nomarski differential interference 
illumination system will provide greater definition 
of cell structure and is particularly valuable when 
handling flasks of cells to be used to seed plates or 
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tubes. Culture plates or tubes inoculated with virus 
may be examined for viral cytopathic effect (CPE) at 
x50 magnification with a simple binocular micro- 
scope with the substage condenser racked down and 
the iris diaphragm partly closed to provide contrast 
in the unstained cell sheet. 

Incubators. Cultured mammalian cells and most 
human viruses achieve optimal growth when incu- 
bated at 35—37°C. However, some viruses (e.g. VZV) 
grow optimally at 33°C and therefore two incubators 
are required. If multi-well plates or other open 
culture vessels are to be used, the loss of CO, and 
evaporation of culture medium can be prevented 
by the use of humidified incubators that maintain an 
atmosphere of 5% (v/v) CO, in air. 

Water purification apparatus. A supply of highly 
purified water is mandatory for the preparation of 
cell culture media and all other solutions coming 
into contact with the cells and also for the final 
rinsing of all glass pipettes and storage containers. 
Several approaches are available for water purification 
(Douglas & Dell’Orco 1979) including: 


1. Treatment of tap water with a mixed-bed ion 
exchange unit followed by single or double glass 
distillation. 

2. Preliminary filtration of tap water, reverse 
osmosis, mixed-bed deionization and submicron 
serie 

_ If the laboratory has a supply of pre-treated 
water from a central purification system, it 1s advis- 
able for this water to be further glass distilled 
or passed over activated charcoal, deionized and 
submicron filtered. 


Conductivity meters are used to measure ionic 
contamination of water and for continuous moni- 
toring of deionizer function; resistance readings at 
or in excess of 18 megohms have to be maintained. 
Although trace contamination of media with metallic 
ions may give rise to problems in growing and main- 
taining cells, contamination with organic products, 
some of which appear to be volatile and to distill 
over during attempted purification by double glass 
distillation, may be equally troublesome. It may also 
be noted that residual bacterial products, such as 
endotoxin, in solutions freed of bacteria by sterili- 
zation, may have untoward effects, e.g. activation 
of macrophages or lymphocytes in proliferation or 
other assays. Because of the central importance of 
highly purified water for virology, bacteriology, 
immunology and cell biology, investment in a water- 
processing plant that will filter, deionize and remove 
organic trace contamination seems justified. Many 
systems are available; without prejudice, it may 
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be mentioned that a machine such as the Millipore 
Super Q takes incoming water through a bed of 
activated charcoal, through a two-stage reverse 
osmosis exchanger, through sequential deionizers 
and a submicron filter. The treated water — which 
otherwise would have to be stored in closed 
borosilicate carboys to prevent contamination from 
the air and container — is held in a vessel with a 
pump system which recirculates the water through 
the deionizers before dispensing. 

Membrane filtration apparatus. Cellulose membrane 
filters are extensively used for filtration sterilization 
of culture media and other solutions in the cell cul- 
ture laboratory. A wide range of vacuum, pressure 
or syringe-operated membrane filtration systems is 
available. The autoclavable membrane filters used 
in such apparatus may be purchased with disc 
diameters of 13 to 293 mm and pore sizes varying 
from 8 to 0.025 1m (Millipore). Soluble wetting 
agents in some of the filters may affect cell growth. 
Such deleterious effects may be minimized by 
flushing the filter with glass-distilled water or by 
discarding the first 5—10% of the filtrate. 

Glassware. High-quality borosilicate glass should 
be used for storage of cell culture media because 
it may be cleaned with strong solvents and is able to 
withstand repeated autoclaving. Soda glass, although 
initially cheaper, cannot be autoclaved repeatedly, 
must be acid-washed (2% HCl) when new to remove 
excess soda, and may subsequently continue to 
impart traces of chemicals to stored solutions and 
chemicals. i | 

Considerable care must be taken in the cleaning 
of glassware. An important decision is whether to 
route glassware through the central preparation 
facility of the microbiology laboratory. If glass pre- 
paration is centralized, all containers have to be 
washed to cell-culture standard. Some selective 
media for bacteria utilize metallic salts such as potas- 
sium tellurite and thallium acetate; residual contami- 
nation with such compounds may be deleterious 
for cells. 

Culture containers. Disposable polystyrene plastic 
containers are routinely used for all cell cultures. 
A wide variety of plastic cell culture vessels, sterilized 
by gamma irradiation, are available commercially. 
Internal] surfaces are coated or charged to facilitate 
cell anchorage and movement. There are also many 
brands of tubes and Petri dishes, including Sterilin, 
Falcon and Nunc. 

For virus isolation tests and culture-amplified 
EIA, cell monolayers are conveniently maintained 
in multi-well (48 or 96) flat-bottomed cell culture 
plates, which are much more compact and easily 


680 


ee a i ee 


manipulated than tubes. Even with HEPES buffer, 
multi-well plates are best maintained in a 5% Co, 
atmosphere but, in all but the busiest laboratories, 
a small humidified CO, incubator (c. 200 litres), 
which can stand under or on the bench, provides 
ample space. Virus neutralization tests are also con- 
veniently done in flat-bottomed 96-well microtitre 
plates (e.g. Cooke, Linbro), in which volumes -.of 
medium and antisera can be kept to a minimum, 

For routine propagation, cells are conveniently 
expanded, by serial subculture, in 150 cm? plastic 
flasks, Flasks may either be incubated in a humidified 
5% CO, atmosphere with their caps loose or they 
can be ‘gassed’ with an appropriate volume of CO, 
and incubated with their caps firmly tightened. 
Large numbers of cells may be obtained by growing 
monolayer cultures in cylindrical roller bottles which 
typically have a usable surface area of 850 cm?. 
These bottles are inoculated with dispersed cells, 
placed horizontally in holders and rotated 5-12 
times/h. Cells adhere to the cylindrical inner surface 
of the bottles and multiply to form monolayers. 
Roller bottles are comparatively economical in their 
use of culture medium (e.g, 50-100 ml); yields of 
some cell types may exceed 10° cells/bottle. 

Instruments. These should be clean and sterile. 
Pre-packed disposable sterile scalpel blades are very 
useful because they do not have any coating of grease 
and so are not toxic to cells. 


sterility testing 


The methods described by McGarrity (1979) for 
testing serum and media for bacterial and fungal 
contamination are presented. 


Serum 


. Prepare duplicate sets of the following: 
. Fluid thioglycollate broth, 5 mi/tube. 
. Trypticase soy broth, 5 ml/tube. 
. Sabouraud dextrose broth, 5 ml/tube. 
. Sterile disposable tube. 
. Blood agar plate. 
. Aseptically remove a 10 ml aliquot of serum for 
testing. 
3. Add 3.0 ml serum to each disposable tube. 
4, Add 0.5 ml] serum to the remaining tubes. 
5. Inoculate 0.1 ml on to each blood agar plate. 
6. Incubate one rack of tubes and one agar plate 
at 37°C and the other set at 30°C. 
7. Check the tubes daily for 2 weeks for evidence 
of contamination. 
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Medium 


Culture medium is tested in the same manner as 
serum except that only one set of tubes and one agar 
plate are used (McGarrity 1979). These are incu- 
bated at 37°C and observed for 7-10 days. Medium 
should be sterility tested before antibiotics are added. 
If large batches of medium are filtered, samples for 
sterility testing are taken at the beginning, middle 
and end of the filtration process. 


Cell cultures 


Cell cultures are tested for contamination with bac- 
teria or fungi as follows: If cells are routinely grown in 
media containing antibiotics, establish some cultures 
without antibiotics when subdividing. Examine cul- 
tures after several passages without antibiotics using 
the methods described for serum sterility test. In- 
clude both cells and culture fluid in the inoculum. 
Tests for Mycoplasma in cell culture are described 
in Chapter 36. 


subculture of semi-continuous or 
continuous cell cultures 


1. Pour off culture medium and wash the cell 
sheet twice with phosphate buffered saline (PBS; 
Dulbecco’s Solution A, Ca and Mg free, pH 7.0) in 
order to remove serum. 

2. Add a sufficient amount of trypsin-EDTA 
solution® to cover cells. 

3. Incubate at room temperature until cell sheet 
appears opaque. At this stage cells will be rounded 
but not detached when observed with an inverted 
microscope. This process usually takes 1—3 min and 
must be determined for individual cel! lines. 

4. Remove excess trypsin solution. Cells will de- 
tach from the culture vessel surface after approxi- 
mately 2-3 min. Tap the side of the flask with the 
palm of the hand to dislodge any remaining cells. 

>. Add a small amount of chilled growth medium 
and aspirate several times with a 10 ml pipette to 
suspend and separate the cells. 

6. Dilute a small] sample of the cell suspension 
with additional growth medium for cell counting, 
or dispense directly into new growth vessels. Semi- 
continuous fibroblast cultures are generally passed 
from one culture container mto two containers of 
the same surface area as the original vessel (or into 
one container having twice the surface area of the 
original). This is called a one-to-two split. A one- 
to-six up to a one-to-ten split is common for con- 
tinuous cultures. After counting (see below), cells 
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may be seeded into tubes (c. 1 x 10° cells/tube), 
microtitre plates (c. 5 x 10‘ cells/well) or other 
culture vessels. 

7. When the monolayer reaches confluence, the 
growth medium should be replaced with mainte- 
nance medium, containing a lower concentration 
of serum (e.g. 1%). 


Determination of cell numbers and 
viability 

Kor accurate determination of cell concentration, 
dispersed cells should be counted using a Neubauer- 
type haemocytometer chamber. However, for most 
routine purposes, such as counting cells for seeding 
plates, disposable plastic multi-chamber counting 
systems (e.g. KOVA Glasstic Slide 10, Hycor) are 
much faster and more convenient to use. When 
diluting cells for counting, a vital stain may be incor- 
porated into the dilution medium. Viable cells, which 
exclude the stain, can then be distinguished from 
stained non-viable cells. Trypan blue is commonly 
used for this purpose. 


Neubauer haemocytometer 


1. Disperse cells and dilute 0.1 ml of cell suspen- 
sion with 0.9 ml trypan blue solution* in a separate 
container. , 

2. Moisten the supporting ridges of the haemo- 
cytometer chamber and apply a cover-slip. — 

3. After 4-5 min in trypan blue solution, resuspend 
cells and fill both sides of the counting chamber 
without overflowing. 

4. Count the number of cells in the four corner 
squares and in the centre square of each side 
(10 squares). 

5. Calculate the number of cells in the original 
suspension. Each square represents an area of | mm’ 
and has a depth of 0.1 mm. Therefore, the volume 
held by each square is 0.1 mm? and the sample vol- 
ume is 10 x 0.1 or 1 mm’. To determine the cell con- 
centration of the original flask the following formula 
is used: 


Number of cells counted x10 (dilution factor) x1000 
(no. of mm? in 1 cm’) = number of cells/ml. For 
example: when 250 celis are counted in 10 squares, 
the cel] concentration in the original solution = 250 x 
10 x 1000 = 2.5 10° cells/ml. 


6. To determine viability, make separate counts 
of both stained (dead) and non-stained (live) cells in 
a given area. A total of at least 100 cells should be 
counted. 
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Preparation of primary human fibroblast 
monoiayers 


The following method may be used for the dis- 
sociation of neonatal foreskin or fetal skin tissue: 


1. Collect the fetus in a sterile covered container 
for transport to the laboratory. Place foreskin material 
in a collection bottle containing Dulbecco’s phos- 
phate buffered saline (PBS, Solution A)* and anti- 
biotics (penicillin 100 units/ml, gentamicin 50 jig/ml) 
for transport. , 

2. Aseptically excise fetal skin tissue and then treat 
in the same manner as foreskin tissue. 

3, Chop tissues into small pieces with sterile fine 
curved scissors and wash‘a minimum of three times 
in fresh PBS containing antibiotics. 

4. Mince tissues thoroughly with clean sterile 
curved scissors. 

5. Transfer the minced tissue to a trypsinization 
flask containing c. 50 ml of warmed (37°C) 0.25% 
(w/y) trypsin solution.” 

6. Add a sterile Teflon-coated magnetic bar and 
place on a magnetic stirrer at 37°C. Str moderately 
for 2.5-3 h. 

7. Viability may be increased if dissociated cells 
are collected once or twice during the trypsinization 
process: the stirrer is stopped to allow the non- 
dispersed tissue to settle. Supernatant fluids are 
~ collected and fresh trypsin solution is added to the 
flask for further stirring. 

8. Centrifuge supernatant fluids after each collec- 
tion for 5 min at 200 g and resuspend in 2-3 ml of 
chilled medium containing 15% (v/v) fetal calf 
serum. 

9. Pool all cells obtained and count to determine 
cell yield and viability. 

10. Dilute the cell suspension to contain c. 2 x 
10° cells/ml in growth medium containing 10% fetal 
calf serum and dispense into suitable culture vessels. 


Preparation of human amnion cell 
cultures 


It is essential that any placenta that is to be used 
for tissue culture is mot brought into contact with 
disinfectant; tissue from a Caesarian section 1s 
preferable. The placenta should be placed in a sterile 
beaker, covered and transported to the laboratory 
without chilling. 


1. Suspend the placenta by the umbilical cord and 
free the amniotic membrane using scalpel, scissors 
and forceps. 

2. Place the membrane in 100 m! Hanks’ balanced 
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salts solution (BSS)* with antibiotics (penicillin 
100 units/ml, gentamicin 50 pg/ml). 

3. Spread out the membrane in a large Petri dish 
and remove the mucus and blood clots by gentle 
scraping with the edge of a sterile microscope slide. 

4. Wash three times in Hanks’ BSS with anubiotics. 

5. Put pieces of the membrane in a flask with 
200 ml 0.25% (w/v) trypsin in PBS (Ca and Mg 
free)* and antibiotics and trypsinize for 30 min at 
37°C, either shaking every 5 min or preferably using 
a magnetic stirrer. 

6. Change the trypsin and leave for 44.5h at 
37°C, shaking every 30 min. 

7. Filter through sterile gauze and wash filter with 
100 ml Hanks’ BSS with antibiotics. 

8. Spin filtrate for 10 min at 200 g. 

9. Discard supernatant. 

10. Resuspend in 20 ml of propagating medium 
without serum. : = 

11. Estimate the number of viable cells and dilute 
to give 3.5 x 10° cells/ml. 

12. Inoculate a culture vessel with 100 ml of cell 
suspension and leave 3-4 days undisturbed. 

13. Change medium. 


Freezing cells for storage 


1. Harvest sub-confluent, logarithmically growing 
cells using subculture techniques. 

2. Pool suspended cells (if replicate cultures are to 
be frozen) and determine the number of viable cells. 

3. Centrifuge cells at 500 g for 10 min. 

4. Resuspend cells to desired concentration 
(2-8 x 10° cells/ml) using chilled media containing 
10% (v/v) dimethylsulphoxide (DMSO) and 20% (v/v) 
fetal calf serum. 

5. Dispense 1-2 ml cell suspension into plastic 
cryopreservation ampoules (or Nunc screw-capped 
cryotubes) using a Pasteur pipette or syringe with 
an 18 gauge needle. 

6. Place cryotubes or ampoules on_ suitable 
aluminium canes. 

7. Cells should be cooled from room temperature 
to ~-70°C at approximately 1-2°C/min. This may 
be achieved by placing the tubes or ampoules in a 
polystyrene box in a —70°C freezer, or by using a 
controlled freezing rate apparatus in conjunction 
with a liquid nitrogen freezer. 

8. When at —70°C, the cells may be placed in the 
vapour phase of a liquid nitrogen freezer (—170°C) 
for long-term storage. 


Recovery of frozen ceils 


1. Remove ampoule from liquid nitrogen and 
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immediately thaw contents by agitation in a 37°C 
water-bath. 

2. Swab ampoule with 70% ethanol! and allow to dry. 

3, With a heated sterile scalpel blade, slice the top 
off the ampoule. 

4. Withdraw contents with sterile Pasteur pipette 
and centrifuge for 5 min at 200 g to remove DMSO 
solution. Resuspend in growth medium, -place in 
culture vessel and incubate at 37°C. If DMSO solu- 
tion is diluted at least 10-fold in growth media, cells 
may be placed directly from ampoule into growth 
vessel. Replace media after the cells have attached, 
or after 24h. 


Specimens for virus culture 


Collection and transport of specimens 


The samples to be collected from the patient for 


virological tests have been considered in Chapter 38. ; : 
Those taken for rapid virus diagnosis often cover — 


the requirements for virus culture. However, the 
maintenance of virus infectivity requires greater 
care in the handling and transport of the specimen 
than that needed to preserve virions or antigens for 
direct virus diagnosis. 

Virus infectivity is generally better preserved in 
the cold than at room temperature, While it may be 
necessary to freeze specimens which are to travel long 
distances at high ambient temperatures, it should 
be borne in mind that some viruses, e.g. VZV and 
RSV, suffer a greater loss of viability when the 
specimen is frozen than if it is maintained at 4°C on 
melting ice or in the refrigerator. 

Most laboratories receive the majority of their 
specimens from nearby hospitals or clinics; under 
these conditions, the transport of specimens chilled 
but not frozen is preferable. Consideration should 
be given to sending ambulatory patients to the labo- 
ratory for collection of some types of specimen. 
Similarly, trained nursing or technical staff should 
be available to go, on request, into the wards of 
nearby hospitals and clinics to collect specimens. 
This arrangement not only ensures a higher and more 
consistent level of sample collection, but the docu- 
mentation of the patient’s condition on the request 
or application form is usualiy of a higher standard. 

Tissue samples, body fluids or excreta should be 
forwarded to the laboratory in adequately sealed con- 
tainers such as screw-capped universal containers. 
Blood samples for virus culture are collected into 
heparinized containers, to allow separation of the 
leucocytes and erythrocytes, if required, from the 
plasma. 
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Swabs from lesions should not be allowed to dry 
out and the swab head should be broken off into a 
suitable virus transport medium (VTM) immediately 
after collection. The composition of VIM tends to 
depend upon local laboratory preferences. There 
have been few controlled trials comparing viability 
of viruses in clinical specimens held in VIM (see 
Madeley 1977). In general, the transport medium 
combines a buffering system to maintain physio- 
logical pH with low concentrations of a protective 
protein and antibiotic to inhibit bacterial contami- 
nants, Cell culture maintenance medium, ¢.g. 
DMEM containing 1% fetal calf serum and anti- 
biotics, is a suitable VI'M for most purposes but note 
that if virological specimens are also to be cultured 


. for Mycoplasma pneumoniae, then streptomycin, gen- 
-.. tamicin or other aminoglycosides should be omitted. 


VTM is conveniently dispensed into plastic serum 


- bottles in 2-4 ml volumes. Protein seems to be of 
particular importance in preserving virus viability if 


the specimen is to be frozen. 


Specimen preparation for virus culture 


Protective gowns and gloves are worn. Procedures 
are performed in a biohazard cabinet. 

Swabs (e.g. from a patient with possible herpes 
simplex infection). The specimen should have been 
received in VIM. Vortex for 30 seconds, add eight 
drops of antibiotic solution* with a Pasteur pipette 
and inoculate 0.1 ml into suitable cell cultures (see 
below). 

Nasopharyngeal aspirates (for RSV or enterovirus 
isolation). Prepare the specimen as described in 
Chapter 38. The supernatant fluid is pipetted into 
a labelled bottle, eight drops of antibiotic solution 
are added with a Pasteur pipette, and 0.1 ml of 
sample is inoculated into suitable cell culture(s), 
including plates for culrure-amplified EIA. 

Faeces. Prepare a 10-20% suspension of sample 
in PBS or maintenance medium (sugar-cube size in 
15 ml!) in a sterile universal container containing 
glass beads. Centrifuge the emulsion at 1000¢ 
at 4°C for 20 min to deposit debris and most bacte- 
ria. Transfer 4m! of supernant (avoiding any fat 
floating on the surface) to a sterile bijou bottle and 
add eight drops of stock antibiotic solution. As the 
preparation is frequently acid, the pH should be 
checked and adjusted to 7.0 with 8.0% (w/v) sodium 
bicarbonate solution. Inoculate 0.1 ml into suitable 
cell culture(s). 

Cerebrospinal fluid. Cerebrospinal fluid is inocu- 
lated directly (0.1 mJ) into cell cultures, without 
any pre-treatment. 
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Other specimens. ‘The above details cover most 
requirements. For the preparation of other samples, 
such as post-mortem material, biopsy specimens, 
blood and urine refer to Chapter 39. 


Inoculation and examination of cultures 


The following comments are confined to the con- 
temporary use of multi-well cell culture plates, rather 
than individual tubes. The type of plate and format 
used depend on whether the virus is to be identified 
by examination of its CPE or by culture-amplified 
EIA. For observation of CPE we recommend 48-well 
_ plates containing three or more suitable cell lines 
grouped in a specimen-based format. For instance, 
in the. authors’ laboratory, throat, cutaneous and 
conjunctivalspecimens are inoculated into plates 
containing HEL, A549 and BGM cells, using the 
layout shown in Figure 40.1 (note the staggered array 
of specimens to avoid cross-contamination of cul- 
tures). Duplicate plates (one incubated at 33°C and 
the other at 37°C) provide suitable conditions for 
identification of herpesviruses, adenoviruses, RSV, 
many enteroviruses and some rhinoviruses. In many 
laboratories, the high throughput of requests for 
detection of herpesviruses in cutaneous specimens 
will necessitate the use of plates containing HEL 
cells or fibroblasts alone. Again, duplicate plates are 
necessary, to accommodate the different optimal 
growth requirements of HSV and VZV (37°C and 
33°C respectively). 

For culture-amplified EIAs it is convenient to use 





96-well microtitre plates containing rows of, for 
instance, MDCK, LLC-MK2 and A549 cells (see 
Fig. 40.2). LLC-MK2 and MDCK cells provide 
for optimal growth of parainfluenza and influenza 
viruses respectively (Schepetiuk & Kok 1993). Both 
cell lines must be maintained in medium containing 
trypsin (see below). Alternate columns on the plate 
should be left blank to minimize cross-contamination 
between wells. Positive controls should be placed 
in a plate separate from that used for the clinical 
samples. 


Trypsinization of MDCK cells and LLC-MK2 
cells 


To achieve optimum sensitivity to ortho- and para- 
myxoviruses it is necessary to treat the surface of 
MDCK and LLC-MK2 cells with trypsin. This is 
best achieved by maintaining the cells in medium 
containing trypsin (without EDTA) at a final con- 
centration of 1 ig/ml. Trypsin for this purpose can 
be conveniently stored frozen in 0.5 ml aliquots of 
concentrated stock (1 mg/ml). Add 0.5 ml of stock 
to each 500 ml of cell culture maintenance medium 
immediately prior to use and ensure that culture 
wells contain this medium prior to inoculation of 
specimens. 

Preparation of specimens is described briefly above 
and in more detail in Chapter 39. Duplicate wells 
of each cell type are used for each specimen. After 
addition of inocula (0.1 ml/well) the plates should 
be centrifuged at 1000 g for 1 h at 37°C, followed by 





Fig. 40.1 Suggested layout of cells in a 48-well cell-culture plate used for isolation of 
viruses from throat, skin, mucous membrane and conjunctival samples. Specimens (one 
per column) are inoculated in a staggered array to minimize cross-contamination. Up to 
eight specimens can be accommodated on each plate. Inoculation of duplicate plates 
allows the sample to be cultured at 37 and 33°C. 
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Fig.40.2 Suggested layout of 96-well culture plates used for detection of respiratory viruses by culture- 
amplified EIA. On the test plate (a) each specimen is inoculated, in duplicate, into trypsinized MDCK, 
trypsinized LLC-MK2 and A549 cells. Up to six specimens (S1-S6) can be accommodated on each plate. A 
separate plate (b) is used for cell and virus controls. (FA, FB, P1—3, Ad, RS, C are, respectively, ‘flu A, ‘flu 
B, parainiluenza 1—3, adenovirus, respiratory syncytial virus and uninoculated cells). Shaded areas 
represent empty wells. After incubation, plates are frozen and thawed to detach and lyse the cells and 


release viral antigens. 


a change of maintenance medium. This procedure 
significantly enhances the sensitivity of the test (Seno 
et al 1990, 199], Schepetiuk & Kok 1993). Plates 
are then incubated in a humidified 5% CO, atmos- 
phere at 36-37°C (or 33°C for rhinoviruses and 
VZV). The cell sheets are examined under the low 
power of the microscope | day after inoculation 
and thereafter at 2 day intervals for appearance 
of cytopathic effects (CPE). For culture-amplified 
EIAs, material from each well is transferred to the 
EIA system after freezing and thawing the entire cul- 
ture plate. For prolonged cultures, regular medium 
changes are necessary every 3—4 days to maintain a 
suitable pH and prevent the accumulation of toxic 
cell metabolites. In this way it is possible to maintain 
cell culture monolayers in good condition for 14—28 


days, depending upon cell type. Continuous (hetero- 
ploid) cell lines frequently show signs of overgrowth 
and ‘metabolic degeneration’ by 14 days; primary 
cell lines and fibroblast cell strains maintain good 
morphology for up to 28 days. In the absence of 
overt cytopathological effects in heteroploid cell 
lines by day 14, it is common practice to pass about 
0.1 ml of cells and medium into wells (‘blind pas- 
sage’); this increases the sensitivity of the isclation 
procedure and may facilitate the distinction between, 
for example, an adenovirus cytopathic effect and 
“metabolic degeneration’. 

Many viruses, including HSV, adenovirus, RSV 
and enteroviruses, produce characteristic cytopathic 
effects. [llustrations have not been included here; 
reference may be made to the excellent photo- 
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graphs given by White & Fenner (1994). However, 
the best way to gain familiarity with the CPE pro- 
duced by these and other viruses, is to inoculate 
cell monolayers-with prototype. virus strains and.to 
observe on a daily basis the process of degeneration 
of the cell monolayers. 


Preparation of virus stocks 


Virus stocks for use in neutralization tests, efc., are 
conveniently grown in 150 cm?* disposabie plastic 
culture flasks or roller bottles. Optimum conditions 
for the production of high titre stocks vary from 
virus to virus; in general confluent monolayers should 
be inoculated at low multiplicity of infection per 
cell in the culture and harvested when 75-100% of 
the cell sheet shows CPE. High-multiplicity infection 
gives faster results but tends to lead to the production 
of defective particles, and is therefore more suitable 
for antigen preparation rather than for production 
of infectious virus stocks. Cell-associated virus may 
be liberated by repeated freeze/thawing or sonication. 
Once produced, virus stocks should be stored in 
small samples at -70°C or below. 


Principles and practice of virus titration 


There are two main approaches to quantification of 
infectious virus: 


1. Inoculation of a monolayer of cultured cells 
followed by enumeration of foci of infection/unit 
volume of inoculum (focal or plaque assay). This 
method is particularly suitable for herpesviruses and 
adenoviruses. 

2. Measurement of the amount of virus required 
to infect a proportion (typically 50%) of a set of 
replicate cultures (quantal response). This method 
is commonly used to quantify enteroviruses such as 
Coxsackie B. In quantal assays, laboratory animals 
or chick embryos can sometimes be substituted for 
cultured cells, when no suitable in-vitro culture 
system is available. 


Focal response — viral plaque assays 


In this method viral suspensions near the infectivity 
endpoint are absorbed on to cell monolayers and 
overlayed with a medium that reduces the spread of 
progeny virus (released from the cells first infected). 
In this way, virus spreads only to cells adjacent to 
those infected by the inoculum and thus small foci 
of infection or plaques are formed, the number of 
which reflects the number of infectious particles 
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added to the culture. After a suitable incubation 
period the plaques may be counted and the infectivity 
of the original inoculum expressed as plaque-forming 


__units per ml_(p.f.u./m]) of the suspension. The con- 


tainment medium may include (1) an antiserum to 
the virus — this will prevent spread of released virus 
through the medium, so only closely adjacent cells 
will be infected; (2) agar or agarose — this overlay is 
useful for small viruses such as polioviruses but 
has the disadvantage that if it is too hot it will kill 
the cells, and if too cold it cannot be pipetted; (3) 
methyl cellulose, incorporated in the medium at a 
final concentration of 0.75% — this overlay is more 
easily handled but is sufficiently viscid to inhibit the 
diffusion of only large viruses such as the herpes 
and pox viruses; or (4) substances such as starch or 
tragacanth gum, or combinations of agar and annbody 
aay be used. 

Detection of plaques. Viral plaques may be detected 
in a number of ways. With cytopathic viruses the vital 
stain neutral red is commonly employed; on addition 
of the stain to the cell monolayer foci of dead cells 
(CPE) are seen as unstained areas against the sheet 
of viable cells which take up the stain. The stain may 
be incorporated into the nutrient overlay (designed 
to limit virus diffusion) but neutral red is toxic to 
some viruses; also it damages cells by photodynamic 
action when the cultures are handled in the light 
(cultures are incubated in the dark) and thus the 
number of cells able to support viral replication may 
be reduced. Consequently the dye is sometimes 
added as a second overlay at the end of the incuba- 


tion period of the culture. Note that certain viruses. 


which do not kill cells rapidly (e.g. cytomegalovirus) 
may enhance the uptake of neutral red, producing a 
reversal of the vital staining effect just described. 

Plaques produced by actively cytopathic viruses 
can also be detected by staining the cell monolayers 
with formol crystal violet, Giemsa stain or carbol 
fuchsin. This treatment kills both cells and virus 
and does not allow subculture of the plaques to 
obtain cloned material. It is however very useful in 
providing a permanent preparation for easy counting 
of plaques and storage as a record. 

Plaques produced by haemadsorbing viruses 
(myxo- and paramyxovirus, rubella) may be detected 
by removing the overlay (which has to be fluid 
enough to be removed cleanly by suction) and by 
placing the appropriate erythocyte suspension on the 
sheet, incubating, washing and examining for 
haemadsorbing foci. 

Viral plaques in cell sheets may also be demon- 
strated by immunofluorescence (IF) or immuno- 
peroxidase (IP) staining. For IF staining, the cell 
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sheets have to be arranged so that they can be 
scanned with low- and intermediate-power objectives 
in the UV microscope. The cultures.can be stained 
and examined for fluorescent foci at a time when 
only one cycle of replication has taken place and 
before secondary foci have formed by viral spread to 
cells elsewhere in the sheet. Both IF and IP staining 
are particularly effective for detecting viruses, such 
as CMV and VZV, which spread slowly from cell to 
cell, 


Quantal response 


Whenever possible, quantal assays use destruction 
of a cell monolayer as an indicator of the presence 
of virus, and the virus titre of the sample is defined 
as the highest dilution that destroys a predetermined 
proportion of a set of replicate cultures. For statistical 
reasons, the most widely accepted endpoint is the 
50% tissue culture infectious dose (T'CID,,), i.e. the 
dilution that destroys 50% of replicate cell cultures 
(inappropriately called tissue cultures in this con- 
text). In practice, a cell monolayer is regarded as de- 
stroyed if more than two-thirds of its area 1s affected 
by CPE. There are mumerous practical variations 
of the quantal assay but the principles of endpoint 
determination do not alter. For instance, haem- 
adsorption or metabolic inhibition, rather than CPE, 
may be required to indicate infection of a cell culture; 
for non-cultivatable viruses, it is sometimes possible 
to calculate a 50% infectious dose (1D.,) or 50% 
lethal dose (LD. 9) in laboratory animals or chick 
embryos. 


Determination of 50% endpoimt. ‘This requires, in 


principle, the use of a large number of cell cultures 
(or animals) inoculated with closely spaced dilu- 
tions of virus around the expected endpoint. Such 
titrations are not practical and consequently Reed 
& Muench (1938) devised a treatment of the data 


















in Table 40.1: “Arta ements. 
“Reed & eee ethod: (F 
ad Effect in cell culture ie BARA 
Virus CPE positive CF PE ‘negative Positives 
concentration ~ total 
107" 6 0 6/6 
10°° 6 0 6/6 
10° 5 1 5/6 
10- 2 4 2/6 
10°° 0 6 O/6 


‘Cumulative ) total of effects 


that takes into account the experience of the total 
group of susceptible targets in the titration, not just 
the groups near the 50% endpoint. An example 
of TCID.,, determination is given in Table 40.1. 
In this example, each 10-fold dilution of virus was 
inoculated into six replicate cell culture wells several 
days later, and those wells in which greater than two 
thirds of the monolayer had been destroyed were 
scored ‘positive’. The cumulative values show the 
positive to negative CPE ratios for each virus dilu- 
tion, calculated by summing the ‘positives’ from the 
most dilute virus suspension to the most concen- 
trated, and vice versa for the ‘negatives’. By inspec- 
tion of the table, it will be seen that the 50% endpoint 
lies between dilutions of one in 10° (87.5%) and 
10*(28.6%). A more precise estimate of its position 
between these two values is made using the following 
formula: 


(% positive at dilution above 50%) 
-50% — 
(%o positive at dilution > 50%) 
- (Yo positive at dilution < 50%). 


proportionate _ 
distance 





In the example provided this would be: 
87.5 — 50 37.5 
87.5 — 28.6 58.9 


so that in this titration, in which the incremental 
step is 10-fold, the TCIDsp is a dilution of 10°. 

Karber (1931) described a slightly different 
method that uses the observed mortality ratios at 
each of the dilutions of the virus suspension, rather 
than cumulative mortality and survivor ratios. ‘The 
end results are quite close to those obtained by the 
Reed & Muench method. In all statistical methods 
for estimating a 50% endpoint, it is essential that 
the range of virus dilution be sufficiently wide to 
produce infection of all cell cultures at one end of the 
spectrum and none at the other. ) 
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Positive Negative Ratio: positive Percentage number 
ie total A positive 

19 0 19/19 100 

13 0 13/13 100 
7 1 7/8 - 87.5 
2 5 2/7 28.6 | 
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Titration of virus stock 


The type of cell used will depend upon the virus to be 
calnired. of ie a eS 


1, Harvest the cells to be used m the test and 
resuspend them to a concentration of 5 x 10°/ml in 
growth medium (GM). 

2. Dispense 0.1 ml of cell suspension into each 
of the wells of a flat-bottomed microtitre plate using 
a multi-channel pipette. Incubate overnight at 36— 
37°C, in a 5% CO,-enriched atmosphere. 

3. Next day, make 10-fold dilutions of virus stock 
in cell culture maintenance medium (MM). Ensure 
that a new pipette is used for each dilution step. If 
virus stock is being titrated specifically for use in 
neutralization tests, mix equal volumes of each dilu- 
tion and MM, and mcubate for 1 h at 37°C, to mimic 
the neutralization step in the test proper; otherwise 
proceed directly to the next step. At least 0.5 ml of 
each virus dilution is required. 

4, With a multi-channel pipette, aspirate the GM 
from the wells of the microtitre plate, which should 
contain confluent cell monolayers. Replace by 0.1 ml 
of MM. Add 0.1 ml of each virus dilution to at least 
four wells of the plate. 

5. Include one row of four or more ‘cell’ controls, 
containing 0.2 ml of MM. only, to test for non- 
specific degeneration of the cell sheet during subse- 
quent incubation. 

6. Incubate the plate under the optimum condi- 
tions for virus growth until clear CPE (or other effect, 
e.g. haemadsorption) develops at the lowest dilutions 
of virus. 

7. Score the individual wells in the plate as i1n- 
fected or uninfected, and using the method of Reed & 
Muench, calculate the TCIDs,. The value obtained 
is the number of TCID,)/0.1 ml of virus stock. 


Virus neutralization | 


Neutralizing antibodies react with their homologous 
virus by attaching to certain critical epitopes in the 
capsid or envelope. This renders the virus incapable 
of initiating infection in susceptible host cells. The 
intimate mechanism of neutralization is unclear. In 
some instances, the critical epitopes appear to be 
ones related to proteins or other determinants react- 
ing with viral receptors on the cell surface. However, 
except in strong concentrations of antibody, it is 
unlikely that the explanation is merely interference 
with adsorption to receptors. In many cases, the 
antibody may interfere with the uncoating of the 
virus in the cell cytoplasm, rendering it liable to 
destruction in the phagolysosomes. It 1s clear that 
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the antibody does not invariably destroy the virus, 
as infective virus can in some cases be dissociated 
apparently unaltered from the virus-serum com- 
plexes by dilution or by lowering the pH of the reac- 
tion mixture. The formation of a virus-antibody 
complex is time-, temperature- and concentration- 
dependent and the sensitivity of a neutralization test 
will be governed by these factors and the indicator 
system. Neutralization may.be enhanced by the 
presence of complement or IgM rheumatoid factor. 
Note that not all antiviral antibody is neutralizing. 
Titration of neutralizing antibody can be applied to 
any virus provided there is a suitable indicator system 
for the presence of unneutralized virus. Neutraliza- 
tion tests are sensitive and often strain-specific, 
but tend to be costly and labour-intensive. Conse- 
quently, measurement of antibody in acute viral 
infections generally makes use of simpler and cheaper 


methods, such as EIA. However, as the spectrum of 


antibody response to a virus is wide and includes 
antibody to interna! as well as surface antigens, and 
as not all antibodies neutralize infectivity, there are 
particular circumstances, such as assessment of 1m- 
mune response to vaccine, in which it is necessary to 
measure neutralizing antibody. 

Virus-specific neutralizing antibody in a patient’s 
serum may be quantified according to the ability of 
the serum to reduce the infectivity of a stock virus 
preparation. Serum to be tested for virus neutralizing 
ability should be promptly removed from the clot 
and stored frozen at or below —20°C, because neu- 
tralizing capacity diminishes during storage at 4°C. 
The test serum is diluted serially, incubated with 
a known amount of virus, and the mixture is then 
added to indicator cultures. The endpoint is arbi- 
trarily defined; typically in the system described 
below, the highest dilution of serum ablating infec- 
tivity in 50% of the replicate virus-serum mixtures 
tested is taken as the titre. Neutralization tests are 
conveniently performed in flat-bottomed microtitre 
plates (cell culture grade, available from most manu- 
facturers of laboratory plasticware). Depending on 
the virus involved, infection of the cultures may 
be judged by CPE, haemadsorption or metabolic 
inhibition. 

The quantity of virus used in the test is important, 
and therefore the stock virus preparation must be 
accurately titrated before neutralization tests can be 
performed (see above, Principles and practice of virus 
titration). In the test proper, an inoculum of 100 
TCID<s, per well is used; this reproducibly ensures 
infection of all cultures (unless inhibited by antibody) 
but retains a moderate degree of sensitivity to the 
presence of neutralizing antibody. 
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Micro-neutralization test for measurement of 
virus-specific antibody 


1, Prepare microtitre plate(s) as for virus titration. 

2. Next day, heat-inactivate test serum samples at 
56°C for 30 min. Make serial 2-fold dilutions of the 
inactivated serum in maintenance medium (MM) 
from | in 10 to 1 in 320, 

3. Next, serially dilute stock virus in MM to give 
100 ‘TCID,,/0.1 ml. For example, if the virus titra- 
tion gives a value of 10’ TCID,,/0.1 ml, then dilute 
the stock 1 in 10°. For optimal accuracy, none of 
the individual dilution steps should exceed 10-fold. 
Use a fresh pipette for each step. 

4. Mrx diluted virus with an equal volume of each 
serum dilution. At least 0.5 ml of each mixture is re- 
quired. Incubate at 37°C for 1 h (suitable conditions 
for most virus neutralizations). 

5. It is necessary to include a back-titration of 
virus to ensure that approximately 100 TCIDs5 9 was 
used in the test. Prepare several serial 10-fold dilu- 
tions of virus stock in MM, Mix each dilution with 
an equal volume of MM, and incubate as above. 

6. Aspirate the medium from the wells of the 
microtitre plate(s). Replace with 0.1 ml of MM. 

7. When incubation is complete, add 0.1 ml of 
virus-serum mixture to a minimum of four wells for 
each serum dilution. Also add 0.1 ml of each dilution 
of the virus control to a‘ minimum of four wells. 

8. High concentrations of serum alone may be 
toxic to the cell cultures. For serum controls, add 
0.1 ml of a 1-in-10 dilution of each serum to one 
well on the plate. 

9. Set up at least four cell contro! wells as for virus 
titration. 

10. Incubate the plate under appropriate condi- 
tions until the virus controls show the desired pattern 
of CPE (indicating 100 TCID.,). In the case of 
myxo- and paramyxoviruses, cultures are tested for 
haemadsorption after a suitable incubation period. 

11. Determine the titre of the serum as the highest 
dilution eliminating infectivity in 50% of the four 
replicates of virus-serum mixtures. The method of 
Reed & Muench may be used to determine the 
50% endpoint. Sera with a titre of 320 or greater 
will need to be re-titrated at higher dilutions. 


Measurement of antibody by metabolic inhibition 
fest 


This is a useful colorimetric test that can be used 
as a simple alternative to reading viral CPE in neu- 
tralization tests. It is based on the fact that cells that 
are respiring normally produce acid and change 
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the colour of the medium (which contains phenol red 
indicator) from orange-red to yellow. If the virus is 
cytocidal, destruction of the cells reduces the respira- 
tion of the culture and there is a rise of pH indicated 
by a change of colour of the indicator to a dark red 
or purple colour, Neutralization of the virus with 
specific antiserum will allow the-cells to continue to 
respire normally and the medium will turn yellow. 


Cell culture methods required for EBV 
antibody tests 


Immunofluorescence (IF) tests to detect antibody to 
Epstein-Barr virus (EBV) use lymphoblastoid cells 
containing replicating virus (productive infection with 
presence of virion proteins) as targets. Commonly 
used lines are P,HR1, derived from a patient with 
Burkitt’s lymphoma, and B95~8, which are marmo- 
set lymphocytes transformed in vitro with EBV. 
These cell types are suitable for the measurement of 
specific IgG, IgM or IgA antibodies to virus capsid 
antigens. Lymphoblastoid cells are routinely propa- 
gated in RPMI 1640 growth medium. Smears of the 
cells containing replicating virus are prepared on slides 
and examined by IF. For general notes on immuno- 
fluorescence methodology, refer to Chapter 44. 
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Preparation of cell smears 


1, Count and adjust the lymphoblastoid cell 
suspension to contain 10° viable cells/ml, — 

2. Wash 10 ml of suspension twice in PBS (pH 
7.4). 

3. Resuspend in 1 ml of PBS. 

4. Add 1-2 ul of cell suspension to each well 
on Teflon-coated multi-well slides. Dry under a fan 
and leave at room temperature for 1 h. 

5. Immerse in acetone fixative* at —20°C for 
10 min. Dry under a fan. 

6. Prepared slides may be stored for up to 6 
months at —20°C provided they are kept dry. An 
airtight box containing silica gel is recommended 
for this purpose. 


METHODS 





Acetone fixative for cell smears 
Acetone 500 mi 
Anhydrous CaSO, 15g 


Saturate cold acetone (—20°C) with anhydrous CaSO, 
and filter just before use. | : 
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Antibiotic stock solution 


Benzyilpenicillin 2000 units/ml (1.2 mg/ml) 
Gentamicin 1.6 mg/m! 
Amphotericin B BO ig/ml! 


Store in 5ml aliquots at —20°C. Add 5 ml to each 
500 ml of cell culture medium. 


CMRL medium (20 mM HEPES buffered) 
for semi-continuous cell lines 


CMRL 1969 powder (e.g. Gibco, Flow) 10.8 g 
HEPES (20 mM) © 4.89 
NaHCO, 1.0g 
Sterile purified water to 1 litre 


Adjust pH to 7.2 with 10M NaOH. Before use, add 
antibiotics and an appropriate amount of serum for 
growth or maintenance of cells. 


Dulbecco’s minimal essential medium 
(20 mM HEPES buffered DMEM) for 
continuous cell lines 
DMEM powder with p-glucose and L-glutamine; 
without sodium pyruvate or sodium 


bicarbonate (e.g. Gibco) 13.37 g 
HEPES 4.8g 
Sterile purified water to 1 litre 


Adjust pH to 7.2 with 10M NaOH and filter sterilize. 
Before use, add antibiotics and an appropriate amount 
of serum for growth or maintenance of cells. Mainte- 
nance medium for MDCK and LLC-MK2 cells should 
contain trypsin at a final concentration of 1 g/ml. 


Dulbecco’s phosphate-buffered saline 
(PBS) 


Dulbecco's PBS solution A 


NaCl 8g 
KCI 0.2 9g 
Na,HPO, Lig 
KH,PO, 0.2g 
Distilled water 1 litre 


Add a few drops of 1% phenol red (see below) until 
the solution is pale pink. The pH should be 7.3. Distrib- 
ute in 100ml amounts and autoclave for 20 min at 
115°C. Store at 4°C. 


Dulbecco's PBS solution B 


CaCl, 2.09 
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MgCl,.6H,O 
Distilled water 


2.0g 
100 ml 


Dispense in 2.5ml amounts in bijoux; sterilize for 
20 min at 121°C. Store at 4°C. — 
Complete Dulbecco PBS 


Add 0.5 mi solution B to 100 ml Dulbecco solution A 
to make the complete salt solution. The pH is 7.4. 


Hanks’ balanced salt solution (BSS) 


Stock solution A 

1. NaCl 160g 
KCl 8g 
MgSO,.7H,O 2g 
MgCl,.6H,O 2g 
Distilled water 800 mi 

2. CaCl, 2.8g 
Distilled water 100 mi 


Mix these two solutions slowly and make up volume 
to 1 litre with distilled water. Add 2 ml chloroform and 
store at 4°C. 


Stock solution B 


Na,HPO,.12H,O 3.04 g 
KH.PO, 1.29 
Glucose 20g 
Distilled water 800 ml 


When chemicals have dissolved add 100 ml of 0.4% 
phenol red in NaOH (see below). Make up volume 
to 1 litre with distilled water. Add 2 ml chloroform and 
store at 4°C. 


Phenol red 0.4% 


Dissolve 4g pheno! red in 325 ml NaOH 0.1 mol/litre. 
Make up to 1 litre with distilled water. Distribute in 20 ml 
amounts. Autoclave for 15min at 121°C. Note. For 
some work, e.g. the fluorochrome detection of myco- 
plasmas with Hoechst 33258 stain, the phenol red 
solution is omitted. 


Complete Hanks’ BSS 


Stock solution A 100 ml 
Stock solution B 100 ml 
Distilled water 800 ml 


Dispense in 100 ml amounts. Sterilize by autoclaving 
at 121°C for 20 min. Store at 4°C. 
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Phenol red solution (1%) 


Dissolve 10 g phenol red in 325 m! NaOH, 0.1 mol/iitre. 
Make up to 1 litre with distilled water. Distribute in 20 ml 
amounts. Autoclave for 15 min at 121°C. 


RPMI 1640 growth medium for 


lymphoblastoid cells | 
RPMI 1640 ~ 80mi 
Fetal calf serum 10 ml 
NaHCO, (4.4% wiv) 5 mi 
Gentamicin 4mg 
Adjust pH to 7.4 


Sodium bicarbonate solution 


(1.4, 4.4 and 8.0%) 
NaHCO, 14g, or 44g, or 80g 
Water 1 litre 


Dissolve NaHCO, in distilled water. Add a few drops 
1% pheno! red (see above) and pass CO, through the 
solution until colour is pale pink. Pipette into bottles, 
leaving as little air space as possible, and screw 
caps on tightly. Autoclave for 20 min at 115°C. Store 
at 4°C. 


Trypsin solution (0.25% wiv) 


Trypsin (Difco 1:250) 2.59 
Dulbecco's PBS without calcium or 
magnesium (Solution A, see above) 1 litre 


Stir solution vigorously at room temperature for 4—5 h. 
Adjust pH to 7.4-7.5. Sterilize by membrane filtration. 
To check the sterility of the trypsin preparation, pipette 
aseptically 0.1 ml from each 10 mi amount into 5 mi 
glucose broth. Incubate for 7 days at 37°C. 


Tests for the activity of trypsin 


It is necessary from time to time to check the activity 
of the trypsin used in solutions to disaggregate the 
cells of tissues such as monkey kidney or human 
amnion. Two methods are given below. 
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1, Prepare a series of about 10 doubling dilutions, 
from 1 in 10 onwards, of the trypsin solution in Hanks’ 
balanced salt solution (see above). Place one drop 
of each dilution on a strip of X-ray film together with 
one drop of Hanks’ solution as a control. The strip is 
then placed on moist blotting paper in a Petri dish, 
covered and incubated for 30 min at 37°C. Remove 
the strip and allow to cool to room temperature, or run 


~ cold water over the reverse side (no film) until the 


gelatin has set firmly. Now flood the whole film gently 
with cold water. Wherever trypsin was present the 
gelatin will have been digested to water-soluble prod- 
ucts and a punched-out hole will appear in the film; 
the potency of the preparation is indicated: by the 
endpoint. The contro! area (Hanks’ solution) is not 
dissolved at all. 

2. As an alternative, prepare a series of doubling 
dilutions of the trypsin solution in Hanks’ solution in 
5ml amounts. To each dilution, and a control tube 
containing Hanks’ solution only, add a charcoal gelatin 
disc (Oxoid). Incubate for 90 min at 37°C. Examine 
every 30 min for trypsin activity, i.e. charcoal particles 
in suspension. 


Trypsin-EDTA solution 
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Adjust pH to 7.4-7.5. Sterilize by membrane filtration. 
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Heat mixture to boiling, cool and adjust pH to 7.2~7.3 
with 1 M NaOH (approximately eight drops). Adjust final 
volume to 7 litre. 
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- Many general microbiology laboratories are inefficient 
in diagnosing fungal infections. Since mycological 
investigations require relatively simple technology 
and equipment, medical microbiologists have an 
obligation to make amends, especially as there has 
been a significant increase in the incidence of serious 
fungal infections in recent years, The increasing 
frequency can be attributed to factors such as the 
use of potent chemotherapeutic agents that alter the 
host’s immune response, the advent of AIDS, intra- 
venous drug abuse and the success of intensive care 
units in prolonging the survival of highly com- 
promised patients. It is impossible within the con- 
fines of this chapter to raise the level of mycological 
competence to that already attained in bacteriology. 
However, it is hoped to acquaint medical micro- 
biologists with basic procedures necessary to estab- 
lish a provisional diagnosis for some common fungal 
infections. It may be necessary thereafter to seek 
the help and advice of an experienced mycologist 
whose specialist assistance must also be sought in 
the diagnosis of other mycoses that may be endemic 
in some areas of the world. Some fungal diseases 
with special geographical associations are being more 
frequently diagnosed elsewhere as a result of modern 
travel and migration. 

The laboratory diagnosis of fungal infections relies 
largely on direct as opposed to indirect methods. 
Thus, while serology often contributes to the defini- 
tive diagnosis of a bacterial or viral infection, it is 
rarely helpful in diagnostic mycology. One reason is 
the failure to differentiate between colonization and 
infection, for example, in the diagnosis of candidosis. 
Another significant cause is the degree of antigenic 
cross-reactivity between fungi of different genera and 
even other microorganisms. Another consideration 
is that patients suffering from a systemic mycosis are 
often immunologically unresponsive as a result of 
the cytotoxic therapy that made them vulnerable to 
the infection. In these patients particularly, the de- 
tection of specific antigenaemia holds the best hope. 
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Although antigen detection kits are available com- 
mercially, these tests are, at best, useful adjuncts 
to more conventional tests and, at worst, downright 
misleading; an exception is the cryptococcal antigen 
detection system discussed later in this chapter. 

Definitive diagnosis is almost always based upon 
the mycological laboratory investigation. Consid- 
erable importance should be placed upon direct 
microscopy in addition to isolation of the organism. 
In some cases, microscopy is of special mportanice. 
For example, the growth of Aspergillus fumigatus from 
sputum culture may represent no more than the 
trapping of spores from the atmosphere in the bron- 
chial secretions. The presence of the characteristic 
hyphae in a sputum smear, however, is presumptive 
evidence of bronchopulmonary aspergillosis. Specia- 
tion of bacteria is achieved almost exclusively by 
performing biochemical tests whereas considerable 
taxonomic importance is placed upon the greater 
morphological variation expressed by fungi. This 
variation is at its most critical in the way fungi repro- 
duce by spore formation; hence direct observation 
of the sporing apparatus takes precedence over 
biochemical reactions. 

A fact that must influence all mycological invest- 
gation from the collection of clinical material to the 
techniques required for microscopy and culture of 
the causal organism is that fungi are much less 
abundant than bacteria in affected clinical material. 
This is the key to understanding the techniques and 
methods employed in medical mycology. In bacterial 
skin infections a surface swab is sufficient to provide 
hundreds of colonies of the pathogen on an agar 
medium: in order to establish a diagnosis for a 
dermatophyte infection, however, several samples 
of the affected tissue taken for investigation may 
ultimately yield only one colony on culture. Similarly, 
in bronchopulmonary aspergillosis, a complete 24h 
collection of sputum may be required for culture 
as the numbers of colony forming units may be as 
low as 10/mi and rarely exceed 1000/mi. Thus, in 
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comparison with bacterial pathogens, pathogenic 
fungi are about one million times less abundant in 
similar clinical material. Provided that the techniques 
employed in mycological investigations compensate 
for the relative scarcity of the causal organism, the 
bacteriologist need not fear the transition to myco- 
logy, Media used for the isolation of fungi are acidic 
(pH 5,.5—5.6) and contain relatively high concen- 
trations of a sugar such as glucose or maltose at c. 
2% by weight. . 
In this chapter a practical approach gives some 
recognition to the genera and their disease manifesta- 
tions, but priority is given to the types of specimen 
received in the laboratory and methods applied to 
their investigation. There are three sections: (1) the 
isolation and identification of yeasts, with methods 
for the handling and processing of all specimens, 
except skin; (2) the superficial mycoses and the investi- 
gation of skin, nail and hair specimens, this section 
being primarily concerned with the dermatophyte or 
ringworm fungi, but yeasts and other filamentous 
fungi may also be significant and their role is dis- 
cussed; and (3) Aspergillus infection is the subject 
of the final section with special emphasis on broncho- 
pulmonary aspergillosis. | 


COLLECTION, STORAGE AND 
TRANSPORT OF SPECIMENS 


The proper collection of relevant clinical materials 
is of primary importance. In view of the scarcity of 
viable fragments in many specimens it is advisable to 
collect as much material] as possible. This is espe- 
cially true in the diagnosis of cryptococcal meningitis, 
dermatophyte- infections and bronchopulmonary 
aspergillosis. 


Skin, hair and nail samples 


Skin scrapings 


Grossly contaminated skin or that to which anti- 
fungal agents have been applied should be cleaned 
thoroughly with 70% alcohol in water. A curved 
disposable scalpel blade, e.g. Swann-Morton No. 22. 
is preferable for taking samples by scraping across the 
inflamed margin of the lesion into the apparently 
healthy tissue. Invading hyphae tend to grow radially 
from the centre of the lesion which becomes devoid 
of viable fragments as acquired local immunity de- 
velops. The inflamed margin is evidence of a late 
immunological reaction: actively growing healthy 
hyphae may be found some centimetres beyond this 
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margin. If vesicles are present, the tops should be 
removed with fine scissors and sent for examination. 


Skin strippings 


An alternative method for the collection of skin speci- 
mens is to apply waterproof transparent vinyl adhe- 
sive tape (3M type 681) firmly to the affected area 
and peel it off: the tape, now bearing a thin layer 
of skin, 1s then applied to a sterile glass microscope 
slide and transported to the laboratory in a protective 
plastic slide mailer. This is a rapid and efficient 
method of collecting skin samples for the isolation 
of dermatophytes and yeasts by culture (Milne & 
Barnetson 1974), but strippings are unsuitable. for 
microscopical examination except in cases of pityria- 
sis versicolor and this is an important consideration 
if the early presumptive information provided by 
microscopy 1s also needed. 


Nail 

Friable material should be removed from under 
the nail, or clippings may be taken from the distal 
border with scissors or nail clippers. Where dystro- 
phy does not extend to the distal section of the 
nail, scrapings should be taken with a scalpel blade 
(see above) by scraping across the affected area. In 
cases of paronychia, i.e. where a yeast infection is 
suspected, exudate is expressed from the paronychial 
folds by probing with a flat excavator and collecting 
on a swab previously moistened with sterile saline. 


Hair 


Infected hairs should be removed by plucking with 
epilating forceps and never by cutting because this 
fails to remove the area most likely to harbour the 
fungus, i.e. the base of the hair shaft around the 
follicle. The species most frequently associated with 
scalp ringworm cause the affected hairs to fluoresce 
under a Wood’s lamp and this is a useful means of 
selecting material. 


Storage and transport of skin, nail and hair 


All three types of keratinous material should be 
allowed to dry out to prevent the overgrowth of 
saprophytic bacteria and fungi that occurs if moisture 
is retained by holding these specimens in airtight 
containers such as smal] glass bottles. Black paper 
may be folded to form a packet, or envelopes specially 
designed for this purpose are available commercially. 
In such conditions ringworm fungi remain viable 
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for weeks or even months and so specimens may be 
stored and forwarded with confidence even if the 
laboratory is remote. Specimens should not be 
refrigerated as the viability of some species of 
dermatophyte is affected. Fungi pathogenic to skin 
survive well as tape strippings stuck to a microscope 
slide. 

Swabs are unsuitable for diagnosis of dermato- 
phytosis and should only be sent to the laboratory 
when yeast infection is suspected. Use a transport 
medium suitable for yeasts. 


Sputum 


Since the pathogenic fragments of Aspergillus organ- 
isms can vary both in numbers and size over a 
given period, it is advisable to assume difficulty in 


‘obtaining positive microscopy and culture; accord- 


ingly, total sputum collections should be obtained. 
To establish or exclude a definitive diagnosis a 3 day 
collection is often required. Sputum may be collected 
as three 24h samples but a convenient system for 
ward and laboratory handling is for specimens to 
be batched every 8h. Whenever possible, sputum 
should be refrigerated to reduce the growth of sapro- 
phytic bacteria and yeasts. Experience has shown 
that the hyphae of Aspergillus produce little or no 
growth in sputum even after several days at room 
temperature, and viability is not affected. 


Cerebrospinal fluid 


Lumbar punctures should be done in the same way 
as for bacteriological sampling, taking precautions 
to minimize contamination by yeasts colonizing the 
surface skin. A large volume should be taken if this 
is clinically permitted whilst taking account of the 
dangers to the patient if the CSF pressure is in- 
creased, i.e. a minimum of 5 ml is recommended, 
especially where investigations for Cryptococcus in 
non-AIDS patients are requested. Transport the 
CSF to the laboratory without delay. 


Swabs 


These should be heavily charged with exudates, pus 
or other secretions. Where plaques are present such 
as in the mouth, throat or vagina, the swab should 
be repeatedly rubbed firmly over these areas. As a 
general rule, the survival of yeasts on dry swabs 
is inversely related to time and storage temperature. 
Delays should be avoided whenever possible. If 
delay is inevitable, swabs may be held at 4°C and 
preferably in a suitable transport medium containing 
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antibiotics such as Trichomonas medium (Oxoid, 
Unipath), 


Other specimens 


Tissue biopsies, urine, blood and all materials not 
mentioned above should be collected, stored and 
transported in a-manner similar to that employed 
for bacteriological investigations. 


YEAST INFECTIONS 


Yeasts are the most common cause of human fungal 
infections and, being opportunists, their severity 1s 
greatly enhanced in the presence of predisposing 
factors such as immunosuppressive drug therapy, 
diabetes, prosthetic devices and drug abuse. Isolation 
of a yeast is not in itself diagnostic; yeasts occur 
as part of the commensal flora on the surface of 
the body and in the gastrointestinal tract. Except in 
aseptically collected specimens of normally sterile 
material, interpretation of the mycological results 
is therefore necessary. Clearly, the clinical signs 
and symptoms and existence of predisposing factors 
will be helpful in determining the significance of a 
yeast isolate, but a valuable contribution can often 
be made by the laboratory. In this respect, helpful 
information can be obtained by carrying out direct 
microscopy on the specimen, determining the quantity 
of yeast present and identifying the isolate fully. 


LABORATORY DIAGNOSIS OF YEAST 
INFECTIONS 





Procedures for direct examination of specimens and 
for culture and identification of yeasts are described 
below. 


Direct examination 


Microscopical examination may give an early indi- 
cation of the presence of yeasts. The observation of 
yeasts in normally sterile tissue or fluids is significant, 
provided the specimens have been collected asepti- 
cally. In contaminated material such as faeces and 
sputum the observation is much less conclusive. On 
a few occasions the presence of hyphae can assist 
in establishing a differential diagnosis, “The observa- 
tion of a capsule surrounding a yeast cell in CSF 
provides a presumptive diagnosis of cryptococcosis. 
The duration and conditions of storage of a specimen 
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should always be taken into account in determining 
the significance of the microscopical findings as well 
as those of culture. 

Many bacteriologists experience difficulty in differ- 
entiating fungal elements from fibrous miaterial 
and other artefacts, especially in unstained films. 
Calcofluor white fluorescent staining* is a simple 
technique that has gained favour recently and over- 
comes the difficulties and time involved in staining 
by more conventional means. It also has the advan- 
tage of working in the presence of strong concen- 
trations of KOH. When viewed in blue light, fungi 
possess an inherent weak fluorescence that can be 
usefully enhanced by the fluor on becoming attached 
to the chitin and cellulose of the cell wall. | 


Tissue 


The most important factor is to obtain as thin a 
film as possible by manipulation of a representative 
portion of the biopsy or post-mortem material with 
a scalpel. Transfer a section 1 mm thick to a drop 
of 20% potassium hydroxide (KOH) on a micro- 
scope slide. Allow to stand for a few minutes, place 
a coverslip on top and tap gently with a rod. The 
unstained preparation may be viewed by conven- 
tional transmitted light but it is usually beneficial 
to examine under phase contrast or darkground 
microscopy. Alternatively, process as above but 
before transferring the tissue to the slide, add a drop 
of 0.1% Calcofluor white in 0.05% Evans blue to 
the 20% KOH and view under a fluorescent micro- 
scope with an ultraviolet light source capable of 
producing blue light. 


Swabs 


Prepare a smear from swabs, heat fix and stain by 
Gram’s method. The characteristic budding cells 
and yeast hyphae are Gram-positive and frequently 
the cell contents have a beaded appearance. Swabs 
received in transport medium may be handled in a 
similar manner but usually a wet film is prepared 
by expressing some of the moisture from the swab, 
covering with a coverslip and examining the un- 
stained film under suitable illumination as outlined 
for tissue above. All preparations should be examined 
thoroughly by traversing several fields since only 
small numbers of cells may be present. 

High vaginal and cervical swabs merit special 
mention as some workers regard the presence of 


* Refer to Methods at the end of this chapter, 
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hyphae as a diagnostic criterion in vaginal thrush. 
This is unwise because (1) hyphae may be scarce 
and may not be detected, and (2) some species, 
e.g. Torulopsis (Candida) glabrata, that cause yeast 
vaginitis do not produce hyphae. 


Cerebrospinal fluid 


These specimens must be concentrated by centri- 
fugation before making any attempt to Carry out 
microscopy. Retain the supernatant for cryptococcal 
antigen testing which should be carried out according 
to the manufacturer’s instructions but with the 
added precaution of diluting the sample 100-fold in 
order to overcome any prozone effect. | 

A sample of the centrifuged deposit should be 
Gram stained: then, only if budding cells are found 
should a further preparation be made to examine for 
capsule formation. To a drop of the resuspended 
sediment add a similar volume of India ink. Capsules 
appear as large clear areas surrounding the yeast cell, 
When present, capsules are presumptive evidence 
of Cryptococcus neoformans. 


Urine 


Concentration by centrifugation is necessary. A 
smear should be prepared from the sediment and 
Gram stained, Care should be taken during collec- 
tion to minimize contamination especially from the 
vagina in women. Specimens exposed to prolonged 
storage (>8h) at ambient temperature should be 
discarded. 


isolation of yeasts 


Culture media 


Sabouraud’s medium* is used world-wide and is 
generally satisfactory. Some workers prefer malt 


peptone agar™ prepared from desiccated malt extract 


(at 2% by weight of the medium) or from the syrup 
(4%). It is claimed that, in the latter form, malt agar 
is slightly more inhibitory to bacteria and produces 
more rapid growth and sporulation of fungi than 
Sabouraud’s medium. In addition it is often possible 
to distinguish mixed cultures of yeast species by 
their colony morphology on malt agar. Such media 
are suitable for the isolation of all the medically 
important yeasts with the possible exception of 


primary isolation of Cryptococcus neoformans, when a - 


duplicate series of plates containing enriched blood 
agar should also be inoculated. 
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Blood cultures 


The method of culturing blood for yeasts will de- 
pend largely upon the system employed within the 
general microbiology laboratory. For manual systems 
biphasic blood culture bottles with agar and a myco- 
logical broth, or simple malt or Sabouraud broth 
media may be employed.* While most of the gen- 
erally available blood culture media support the 
growth of yeasts, it is advisable to aerate the cultures 
periodically by shaking and to subculture routinely 
rather than to wait until the medium becomes 
cloudy. Special fungal blood culture medium is 
available commercially for some automated systems. 
In theory, at least, this medium offers advantages 
in speed of detection and potentially in recovery 
particularly of pathogenic yeasts other than Caniida 
albicans. 

Whether examining routinely from manual methods 
or from suspected positives flagged by automated 


‘systems, the Gram-stained smear should be exam- 


ined very carefully over the large area, as yeast cells 
may be present in very small numbers. 

Among the pathogenic fungi, the yeasts are most 
akin to bacteria in terms of numbers present in 
clinical material, but it is best to assume that the 
specimen contains few colony-forming units and a 
good volume of blood should be sampled (see Ch. 6). 


Tissue 


Biopsy and other tissues should be reduced in size 
to approximately 1—2 mm in overall dimensions and 
a few such pieces lightly implanted into the agar 
medium: the medium should contain antibiotics” if 
the material is contaminated with bacteria. As an 
additional safeguard where very small numbers of 
yeasts or fungi may exist, similar pieces should be 
inoculated into malt or Sabouraud broth.* 


Swabs 


Heavily seed a well on one quadrant of the agar 
plate by rotating the swab and sweeping over the 
surface several times. Secondary and successive 
dilution strokes should be made with a sterile loop, 


Cerebrospinal fluid 


A representative loopful of spun deposit should be 
taken to inoculate the agar media in the usual 
fashion. Any deposit remaining after samples have 
been removed for microscopy may be transferred to 
a suitable mycological broth. 


Urine 

Spread 0.1 ml of the unconcentrated urine over 
the surface of malt agar, or an equivalent medium, 
containing antibiotics. Centrifuge the specimen and 
remove a loopful of sediment to another agar plate 
of the same medium and streak out from the well in 
the normal way. 


Peritoneal dialysis fluid 


Process as urine but take an additional sample of 
1 ml of the neat dialysate and spread over a plate 
containing mycological medium. 


Incubation 


All pathogenic yeasts grow at 37°C but it is advis- 
able to diverge slightly from this general rule for 
Cryptococcus neoformans which merits a duplicate 
series of plates incubated at 28°C for up to 10 days. 
With all other specimens (except skin) incubation for 
48 h is sufficient for colonies to become visible: it 1s 
stressed that 24 h is not sufficient to record no growth 
of yeasts, particularly from heavily contaminated 
material, 


identification of yeasts 


The yeasts pathogenic to humans appear as pasty, 
opaque and usually pale coloured (white, off-white 
or beige) colonies, often with a sweet smell reminis- 
cent of ripe apples. Depending upon the medium 
used for isolation, it may be possible to distinguish 
the presence of more than one species by colony 
morphology. This occurs frequently in specimens 
originating from the gastrointestinal tract and espe- 
cially from the mouth. Yeast colonies may be con- 
firmed microscopically by emulsifying a portion of 
the colony in sterile water or lactophenol cotton 
blue* or iodine and observing the characteristic 
budding cells. Hyphae may also be present. 


Germ tube test 


About 90% of yeasts isolated from human material 
are Candida albicans anda rapid method of identi- 
fication is fortunately available. The ability of this 
species to produce a pseudo-germ tube in serum 1s 
shared only with C. stellatoidea which is very much 
less common. For the ‘germ tube’ test, lightly touch 
a single colony with a loop or Pasteur pipette; remove 
excess inoculum and then emulsify the yeast cells in 
0.5 ml of horse or other serum in a small test tube 
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with a loose cotton-wool plug or cap. Failure to 
achieve a light inoculum inhibits germ tube forma- 
tion. Incubate at 37°C in a water-bath (for more 
rapid~temperature equilibration) for 24h. Pro- 
longed incubation is not recommended as mycelium 
production can obscure the germ tubes which are 
seen as extensions of a typical yeast cell and give a 
drumstick appearance. Examine carefully to ensure 
that the parent cell and the germ tube are one con- 
tinuous cell and that a cell wall does not separate the 
two as in C. tropicalis. 

The presumptive identification of C. albicans is 
usually sufficient but where absolute certainty is: 
required, the inability of C. stellatoidea to assimilate 
sucrose (see below) is diagnostic. Identification of 
germ tube negative yeasts may also be necessary on 
occasion, especially to determine the role or possible 
source of the isolate or potential drug resistance. 
Commercially prepared systems for the identifi- 
cation of yeasts have become available and these are 
mostly based upon an auxanogram, i.e. the ability of 
an isolate to assimilate a series of sugars. A separate 
test is necessary to determine mycelium production. 
The series of tests and procedures given below can be 
applied to identify most yeasts from human sources 
using readily available reagents and equipment. 

Steps in the identification of medically important 
yeasts are outlined in Figure 41.1. Tests for the 
ability to form a pseudo-germ tube, to form my- 
celium (Dalmau culture plate) and arthrospores, and 


Yeast isolated | 


in pure culture | 





Carotenoid pigment 


. 7 
Rhodotorula | 


Germ tube production 
(Presumptive 
+ C. albicans) 


Assimilation of sucrose 
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+ 
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various other morphological and metabolic tests | 
are exploited. 


Daimau culture plate =e 


This tests the ability of the yeast isolate to form 
mycelium under optimum conditions. It may also be 
used to test for the ability of the yeast to produce 
ascospores by prolonging incubation for up to 1 
month. Load a loop with the test organism and form 
a well at the top of a plate of cornmeal agar.* Make 
dilution strokes by cutting into the agar with the 
edge of the sterilized loop. Dip a glass cover-slip in 
alcohol, sterilize it by flaming, and let it cool; then 
put it On the agar to cover part of the well and some 
of the dilution strokes. Incubate at 22°C for 48 h and 
then examine by placing the plate on a microscope 
from which the slide carrier has been removed. Begin 
by scanning the area under the cover-slip and then, 
if no filamentous structures are found, carefully focus 
on the submerged growth that tracks along the 
incisions in the agar. Further examination of hyphae 
should be made to distinguish true mycelium from 
pseudomycelium. A pseudomycelium is composed | 
of cells of varying width with rounded ends (Fig. 41.2) | 
rather like a chain of sausages, whereas a true | 
mycelium has cells of constant width with square 

ends and has a pattern of intertwining lines of bricks | 
laid end to end (Fig. 41.3a). When a true mycelium 
is found, individual hyphae should be checked for | 


Mycelium production 


= eet ss) eckted 


C. albicans C. stellatoidea 
True mycelium Urease 
and arthrospores production 
+ - + - 
Trichosporon Candida Cryptococcus Torulopsis 
(Candida) 
Fig. 41.1 Initial stages in the identification of medically important yeasts. 
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Fig. 41.2 Pseudohyphae showing varying width, rounded ends 
and blastospore formation. 





Fig. 41.3 (a) True mycelium formed by hyphae of constant 
width and end walls at right angles to longitudinal walls. (b) True 
mycelium of Trichosporon cutaneum showing multiple 
segmentation and ultimately fragmentation into arthrospores. 


arthrospore formation (Fig. 41.3b) which identifies 
the genus Trichosporon. Production of pseudomycelium 
and/or true mycelium in the absence of arthro- 
spores signifies Candida species. Round terminal! 
chlamydospores are formed by C. albicans and C. 
stellatoidea and provide confirmatory or alternative 
evidence for identification. Saccharomyces spp fail to 
produce anything other than rudimentary mycelium 
on cornmeal agar but do form ascospores. A smear 
should be prepared by removal! of a small quantity 
of yeast cells from the Dalmau plate-and staining 


with modified Ziehl—Neelsen carbo! fuchsin. This ° 


test should be repeated at weekly intervals for up 
to 1 month. Ascospores stain red and vegetative 
cells stain blue. Of four genera that fail to produce 
mycelium, one (Rhodotorula) is readily identified on 
primary isolation by the pink colour of its carotenoid 
pigments. The urease test assists in distinguishing 
Cryptococcus (which is positive) from Torulopsis and 
Saccharomyces. 


Urease test 


Cryptococcus can be reliably differentiated from 
Torulopsis by its ability to produce urease. Seed a 
slant of Christensen urea agar* and incubate at 
30°C for 48h. Conversion of the phenolphthalein 
indicator in the medium from yellow to pink or red 
denotes the alkaline change when urease liberates 
ammonia from urea. Be particularly vigilant for 
bacterial contamination as the cause of a false 
positive result in this test. 

Tests 1 and 2 allow identification of the yeast 
isolate to genus level as shown in Figure 41.1. 
Speciation can usually be achieved by completing the 
following two tests, but identification of the genus 
Rhodotorula requires test 5 (nitrate assimilation). If 
uncertainty persists, confirmation of an identifica- 
tion may be achieved by testing for the ability of 
the isolate to ferment certain sugars (test 6). 


Preparation of inoculum suspension for tests 3, 
4,5and6 


Before setting up any of the following tests, prepare 
an inoculum pool by emulsifying a heavily loaded 
loopful of the strain to be identified in 5 ml! of sterile 
saline. 


Surface growth 


The production and form of surface growth in 
broth produced by some species 1s helpful in identifi- 
cation. Put a drop of the inoculum pool suspension 
into a standard test tube approximately half filled 
with malt broth or an equivalent medium. Incubate 
for 48h at 30°C. Surface growth may be present 
as a pellicle, a ring around the surface of the tube 
at the broth interface (e.g. Candida tropicalis), or a 
climbing film on the sides of the glass (presumptive 
of C. kruset). 


Sugar assimilation test (auxanogram) 


Assimilation tests have largely replaced fermenta- 
tion as a means of species identification in view of 
equivocal fermentation test results. “The method 
consists essentially of growing a yeast on a basal 
carbohydrate-free medium supplemented with the 
test sugar. There are many variations on the number 
of sugars and the method of their application to the 
basal medium. The following approach conveniently 
overcomes some of the practical problems. 


a. Prepare Basal medium I or Basa] medium Ii as 
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described in Methods*. Dispense in 10 ml amounts 
and autoclave. 

b. While the medium is cooling, dispense about 
0.5-1 mg of the test sugar into a compartment of 
a 10cm square ‘Repli dish’ (Sterilin) which has 25 
divisions. Five sugars that suffice for identification 
in most instances are glucose (positive control), 
sucrose, lactose, trehalose and raffinose. Five isolates 
may be tested on each plate. 

. Allow the agar medium to cool to approximately 
45°C; if Basal medium II is used, add a few grains of 
powdered yeast extract to supply essential vitamins 
without further sterilization. 

d. Seed the medium with 1 ml of the test organism 
from the prepared inoculum suspension. 

e. Use a Pasteur pipette to distribute sufficient 
of the seeded medium to cover the base of each 


compartment. A constant depth of medium should 


be maintained. 

f. Incubate at 30°C for 48h. Growth produces 
an opacity in the medium and indicates the ability of 
the isolate to assimilate a sugar. All yeasts assimilate 
glucose. 


The assimilation pattern for individual species 
is given in Table 41.1. As yeasts can show variation 
‘through loss of an enzyme, a wider range of sugars 





Species i GT MYC" AR UR. “AS 





Candida albicans. fst a, ee E S 
C, guilliérmondi. 9 
_ C. intermedia - lek Ce RLY SAMA Ma eat 
C. kefyr (C. nilidowploali) ~ + mee ee 
C. krusel_ is + edna, «Shes 
C. parapsilosis = + ua ee oe 
C. stellatoidea .. 2s. ot wi. te 
C: tropicalis ; - + _ _ Pe. 
- Crzeylanoides: te fie > ova + si bai + rads 
Cryptococcus. diffluens Eee gL ae ee re 
Cr, laurentii a a a Dy hae 
Cr neoformans _ “eee ae oe) er aL» 
Rhodotorula glutinis "= _ ~ elie oat 
’~R. rubra (RR! mucilaginosa). = .  - - + = 
Saccharomyces cerevisiae a 2 a erste 
Tonulones candida (C. famata). — -—. =. = 
T, glabrata (C. glabrata) ay - aa 
Trichosporon beigeleii — 
(Tr. cutaneum) + + (+) i 
Tr. capitatum _ + % a 
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may be tested and/or fermentation tests performed 
if there is any doubt. 


Nitrate assimilation 


This test assists in the differentiation of the two 
species of Rhodotorula isolated from human sources. 


a. Weigh out 1 g of potassium dihydrogen phos- 
phate, 0.5 g magnesium sulphate, 20 g glucose and 
25 g agar and steam to dissolve in | litre of distilled 
water. Dispense in 10m! amounts and autoclave 
at 115°C for 15 min. 

b, Dispense a few crystals (around 1 mg) of potas-~ 
sium nitrate to one of the compartments of a ‘Repli 
dish’, a similar quantity of peptone (dry powder) 
to another (as positive control) and leave a third 
compartment free of additives (negative control). 

c. Inoculate the test organism from the inoculum 
suspension into the cooling medium as in the sugar 
assimilation test procedure and follow steps c to fin 
(5) above. Growth must be present in the compartment 
containing peptone, otherwise the test 1s invalidated. 


Sugar fermentation 


a. Prepare fermentation test media with a suitable 
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range of sugars as described in Methods at the end 
of this chapter, 

b. Inoculate the test organism by adding one 
drop of the inoculum suspension into each tube. 
A duplicate series should be seeded with the test 
inoculum as variation can occur. 

c. Incubate for 48—72 h at 30°C. 

d. The ability to ferment a sugar is shown by the 
presence of acid (indicator becomes pink) and gas 
trapped in the Durham tube. 


The fermentation patterns of the medically impor- 
tant yeasts are given in Table 41.1. If an isolate 
does not conform to any of these, consult a specialist 
text such as Kreger-Van Rij (1984) or forward the 
strain to a mycology reference laboratory. 


Serodiagnosis 


Serological tests are of little practical use in the 
diagnosis of systemic candidosis. Rising titres of 
precipitins or agglutinins may provide a valid index 
but all too often there is insufficient time to allow 
a prognostic diagnosis by such means. Moreover, 
false-positive results are encountered in tests with 
healthy subjects or with patients suffering from 
superficial candidosis, and false negatives may occur 
with immune-incompetent patients who have pro- 
ven deep-seated yeast infections. A further com- 
plication is that cross-reactions may be obtained in 
patients with tuberculosis and other infections. Con- 
siderable efforts are being made to find a practical 
and reliable method for the detection of candida 
antigenaemia. 

A latex agglutination test for cryptococcal antigen 
in CSF and serum is commercially availiable and is 
of value in the differential diagnosis of meningitis, 
e.g. Immuno-Mycologics. It also provides a means 
of monitoring therapy and can, in the case of AIDS 
patients, provide indirect evidence of a reservoir of 
infection ~— the prostate being the likely site. 


SUPERFICIAL MYCOSES 


Fungal infections of the horny layers of the body 
surface are common in all countries of the world. 
The majority are caused by the dermatophyte fungi 
of the genera Epidermophyton, Microsporum and 
Trichophyton. They can all lyse keratin. Some species 
of the dermatophytes or ringworm fungi have a 
world-wide distribution whilst others are endemic 
within clearly defined geographical areas. Their 
distinct host preferences allow an arbitrary classifi- 


cation: anthropophilic species predominantly infect 
man; zoophilic species preferentially inféct animals; 
and geophilic species are essentially soil organisms 
and rarely infect man or animals. Not all superficial 
mycoses are caused by dermatophytes; the yeasts 
give rise to intertrigos and infect moist skinfolds. 
Yeast infections are often associated with predis- 
posing factors such as diabetes, obesity or constant 
immersion of the. hands in water (causing paro- 
nychia). A very small proportion of superficial infec- 
hons is caused by filamentous fungi other than 
dermatophytes. This miscellaneous group almost 
exclusively parasitizes toenails, frequently following 
injury. A definitive diagnosis of a fungal infection 
can only be established by mycological investigation. 
Although the majority of skin specimens processed 
in the mycology laboratory yield negative results, 
exclusion of fungal involvement is of considerable 
assistance to the dermatologist. The positive identi- 
fication of a fungus allows a definitive diagnosis, 
determines the correct treatment, and enables action 
to be taken on the possible source of the infection 
and prevention of further spread. 

The efficiency with which skin, nail and hair are 
investigated in the mycology laboratory is largely 
dependent upon the quantity, as well as qualiry, 
of material submitted for examination. Attention is 
drawn to the relevant part of this chapter dealing with 
collection and storage of specimens (above). It is 
essential for laboratory workers to familiarize them- 
selves with these procedures in order to instruct 
clinical colleagues. : 

Most species of dermatophyte produce two types 
of asexual conidia (aleuriospores). Microconidia 
are small and unicellular whereas macroconidia are 
large and septate and may have thick or thin walls. 
The latter spores provide differentiation of the 
dermatophytes into three genera: 

Epidermophyton. This genus, of which there is 
only one species, E. floccosum, produces large, 
smooth, thick-walled macroconidia that are usually 
composed of two to four cells (Fig. 41.4). They are 
usually abundant and measure 20-40 um long by 
6-8 [Lm across and occur in clusters of two or three. 
Microconidia are not produced. 

Microsporum. The macroconidia, which vary in 
numbers from rare to numerous, are spindle-shaped 
with thick roughened walls (Fig. 41.5). Each macro- 
conidium may be divided into five to ten cells and 
can be up to 100 um long and 6-8 um wide. 

Trichophyton. The macroconidia vary in shape 
from that of a cigar to a cylinder and measure 
S—50 tm in length and 4-8 im across (Fig. 41.6). 
Walls are smooth but may be thick or thin. Unlike 
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Fig. 41.4 Epidermophyton floccosurn. mycelium and 
macroconidia (lactophenol cotton blue x 880). 
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Fig. 41.5 Microsporum canis: mycelium and macroconidia 
(iactophenol cotton blue x 880). 





Fig. 41.6 Trichophyton: mycelium and microconidia and 
macroconidia (lactopheno! cotton blue x 880). 
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macroconidia, microconidia are mostly produced in 
large numbers. 

Identification of a dermatophyte may not be 
possible on the gross morphology of the colony or 
by the presence of macro- or microconidia on 
microscopy. In these cases more detailed examina- 
tion of the preparation should be carried out under 
the microscope in order to distinguish other struc- 
tures that may assist identification. As well as 
chlamydospores, features such as spiral and racquet 
hyphae, favic chandeliers and nodular bodies should 
be noted. 

If microscopy fails to place the isolate in a taxon, 
it is sometimes useful to determine the effect of 
certain media and growth factors on the development 
of the colony. Potato dextrose agar* is a reference 
medium, especially for the production of pigment, 
as for example by Trichophyton rubrum, and it 1s 
useful in differentiating this species from anthro- 


pophilic 7. mentagrophytes isolates. Rice grains are 


used to separate Microsporum audouini and M. canis 
as the former grows very poorly on this substrate. 
A series of agar media (Trichophyton agars, Difco) 
incorporating growth factors can be helpful in group- 
ing species of Trichophyton. Information on the 
execution of some of these tests and full descriptions 
of species and their variants is given by Rebell & 
Taplin (1974). 


Characteristics of the common British 
dermatophytes 


A summary of the characteristics of the common 
British dermatophytes is given in Table 41.2. 

Epidermophyton floccosum. On malt peptone agar 
the colony appears early and enlarges fairly rapidly; 
surface velvety and powdery and either flat or 
folded; khaki to tan in colour with tan to dark 
brown underside. No microconidia produced. 
Macroconidia usually abundant as described above. 
Chlamydospores may be produced as the colony 
ages. This anthropophilic species is isolated almost 
exclusively from groins and feet; it rarely infects 
nails and never hair. 

Microsporum audouinii. ‘This species is now rare 
in Britain, where it used to cause epidemic tinea 
capitis in children. Colony flat and grows slowly with 
a cream to tan upper surface and a pink or brown 
underside. Microconidia and macroconidia are 
rarely formed. When present, the latter are variable 
in shape but are essentially spindle-shaped with 
rough or smooth walls. Although anthropophilic, 
this species rarely infects adults; it 1s restricted almost 
entirely to hair in children. 
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. Colony morphology 


Species Surface Underside » 






‘Velvety, 
greenish yellow 


Seiterontvite 


Brown 
floccos um — : | 







| Microsporum _ Cream to tan 7 
| audouinii . 


Microsporum | White becoming 


' Canis tan . to orange 


Microsporum 





-- Granular, -- Cinnamon. 
gypseum ' mid-brown - 4 
. Trichophyton | Powdery, white Pink, yellow 
mentagrophytes | to tan or rose-brown 
var granulare | ! | 
Trichophyton | Fluffy, white =~ Pink, yellow 
mentagrophytes ‘becoming yellowish | or rose-brown 
var eteneigtate | or-tan 
Ttichophyton | Fluffy, white | Pink or red 


| rubrum ‘becoming pink 


‘Deep red or 
yellow 


| Cream to tan - 
‘or yellow 


Trichophyton 
tonsurans 


White or 
yellow 


Trichophyton 
verrucosum 


‘White waxy on 
‘nutrient agar 


Deep red to’ 
violet 


Waxy, deep 
purplish-red . 


Trichophyton 
violaceum 


Pink or brown 


, Lemon-yellow 
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Macroconidia 


Club shaped. 
- Abundant 


Spindle shaped. 
Rare 


- Spindle shaped. 


Normally present 


Short ovoid to 


. Spindle shaped. 
Abundant — 


Cigar shaped, 


thick or thin walled. 
Occasiona! 


Cigar shaped, 
thick or thin walled. 


Rare 





Long cylindrical, 
thin walled. 
Rare 





Cylindrical with 
curved tips. 
Rare 


Variable in shape 
Almost unknown 


Thin walled, 


cylindrical. 


Very rare 


.. of hyphae 


' Borne laterally 


Bee 


Microconidia 





_Not produced: 
Rare 
Zoophilic 


Few | Geophilic 


Abundant in Zoophilic 


grape-like clusters 





Commonly Anthropophilic 


borne along sides 





on vegetative 
hyphae 


Irregular in size 
and shape. 
Numerous 


Anthropophilic 


Small and thin. 
Borne on sides 
of hyphae. 
rate 


Zoophilic 


Tear shaped. 


Anthropophilic 
Very rare 
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Host preference Main sites 


Anthropophilic 


Anthropophilic 


_ Scalp, body 


Foot, groin, | 


Anthropophilic 
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Spread of infection 


-Man.to man through exposure 
to desquamated skin, 

—@.g. clothing, towels, 

changing-room floors 






Foot, groin 







Man to man, (puberty). 


Scalp af, 
| Sharing of brushes and combs . 





~ In children by man to man _ 
contact via-combs and brushes. 
Adult skin lesion acquired | 
_ » by'contact with infected cats 
_ and pe . 


Scalp, body 





: From soil or infected animal 


Contact with infected animal, 


Beard, head, 
| especially rodent 


body 


Man to man. Contact with 
desquamated skin on floors, 
towels, etc. 








nails 

















Man to man. Contact with 
desquamated skin. 





‘Contagious in schools and 
other institutions 


Scalp, body, 
nails | 


Contact with infected cattie 


Head, body, 
nails 


Man to man. Contact with 
desquamated skin 
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Microsporum canis. Now the most common 
member of the genus found in Britain. Two forms 
are recognized on culture. One, fast-growing, has 
white aerial mycelium which becomes tan as the 
colony ages; bright lemon-yellow to orange on the 
underside. Characteristic spindle-shaped macro- 
conidia are usually present, with rough walls and 
an asymmetric terminal spiny knob (Fig. 41.5). The 
second form is termed dysgonic and produces a 
slowly growing colony with a very irregular colony 
edge and a mass of submerged mycelium. The aerial 
part of the colony is shiny and waxy; both surface 
and undersurface are brown. Isolates from dogs 
and cats tend to be dysgonic. Human infections are 
usually acquired by contact with infected animals, 
particularly cats. This zoophilic species can cause 
tinea capitis in children and tinea corporis in all age 
groups. 

Microsporum gypseum. Granular light to mid-brown 
colony grows rapidly with an irregularly fringed 
border and cinnamon undersurface. Numerous 
spindle-shaped macroconidia formed with up to six 
cells in each; walls thick and roughened. Geophilic; 
infection in humans is rare and usually as a result of 
contact with animals such as pet rodents infected 
from the sol. 

Trichophyton mentagrophytes. ‘Two distinct forms 
recognized, The zoophilic subspecies var granulare 
produces a fast-growing colony with a flat powdery 
or granular surface (an indication of abundant 
sporulation) and an irregular edge. The anthro- 
pophilic subspecies var interdigitale is often indistin- 
guishable from T. rubrum on primary isolation since 
it produces a. white fluffy aerial mycelium which 
may become yellowish or tan with age. The under- 
side of both colony types may be pink, red, yellow 
or rose brown. Sporulation is much more pro- 
nounced in the granular form which also shows the 
presence of spiral hyphae and macroconidia that 
are up to six-celled and have smooth thick walls. 
Macroconidia are rare in the anthropophilic form. 
Both forms produce -microconidia either borne 
along the sides of vegetative hyphae (Fig. 41.6) or in 
grape-like clusters — especially common in zoophilic 
isolates. 

In practice it may be difficult to differentiate 
T. mentagrophytes var interdigitale from T. rubrum on 
both macroscopic and microscopic characteristics. 
The isolate should be subcultured to a potato 
dextrose agar (PDA) plate* and to a slope of 
Christensen’s urea medium supplemented with 
glucose 10 g/litre.* After incubation at 28°C for 7 
days, 7. mentagrophytes will have degraded the urea 
sufficiently to change the indicator in the medium 
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to pink. T. rubrum requires a longer incubation 
period of at least a further 7 days to produce a similar 
pH change. On the PDA medium 7. mentagrophytes 


_yar interdigitale produces a colony similar to that 


of var granulare on primary isolation, usually with 
an unpigmented undersurface or rarely a brownish 
undersurface. A colony of T. nabrum on PDA charac- 
teristically has a white cottony aerial mycelium, an 
entire edge and a pink or red underside. 

The zoophilic subspecies var. granulare commonly 
causes ringworm of animals especially rodents. In 
man it tends to form lesions on exposed parts of 
the body such as forearms and face. All sites of 
the body but particularly feet, groins and nail, may be 
infected by T. mentagrophytes var interdigitale which 
has been replaced by T. rubrum as the most frequently 
isolated species in Britain. 

Trichophyton rubrum grows more slowly than 
T. mentagrophytes to produce a white colony with a 
cottony mycelium that may become pink with age. 
The underside is typically deep red. Many variations 
have been noted but have not yet been well defined. 
Tear-shaped microconidia are borne along the sides 
of undifferentiated vegetative hyphae. The pro- 
duction of macroconidia is variable but usually rare. 
When present they are long, narrow and cylindrical 
with rounded ends and can have up to 10 cells with 
thin smooth walls. 7. rubrum is the most frequently 
isolated species of the dermatophytes and can infect 
all sites of the body, commonly feet, groins and nails, 
but rarely causes tinea capitis. 

Trichophyton tonsurans grows slowly. The colony 
has a powdery surface which becomes heaped, folded 


and velvety with age. The surface is usually tan, or’ 


yellow (var sulphureum) and the underside a deep 
mahogany or yellow. The microconidia are numer- 
ous and transform with maturity into large irregular 
spores borne in branched clusters or formed on 
thickened terminal hyphae. Macroconidia are rare 
in most strains; when present they are cylindrical 
to club-shaped with five or six cells and often curve 
towards their apices. This anthropophilic species 
causes epidemic tinea capitis in the USA. Various 
skin sites and the nails may be parasitized. 

Trichophyton verrucosum grows slowly but best 
and almost exclusively on nutrient agar. The colony 
is white, waxy and heaped. It is unique amongst 
the dermatophytes by growing more rapidly at 37°C 
than at 28°C. Macroconidia are almost unknown 
whereas chlamydospores are common and may occur 
in chains. Predominantly causes ringworm in cattle. 
Human infections are acquired by direct contact 
with infected stock: exposed sites such as face and 
arms are most at risk. 
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Trichophyton violaceum. Until recently this anthro- 
pophilic species was almost unknown in Britain. 
Infected immigrants arriving from endemic areas 
of the world have provided a source from which 
T. violaceum has rapidly spread, Growth is very slow 
and produces a heaped waxy colony that becomes 
deep purple at maturity. The mycelium is usually 
non-sporing, although chlamydospores may be 
formed. Skin, nail or hair may be infected. 
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LABORATORY DIAGNOSIS OF 
SUPERFICIAL MYCOSES 


Procedures for direct examination and culture are 
described below. These procedures are largely those 
employed in the author’s laboratory but should 
not be seen as prescriptive. While the underlying 
principles, e.g. the use of selective and non-selective 
media for the isolation of the-agents of superficial 
mycoses, are universal, variations occur from one 
mycology laboratory to another. 


Direct examination 


Direct microscopy provides an early and reasonably 
reliable method of diagnosing or excluding a fungal 
infection. It should be performed on all specimens of 
skin and nail, While microscopy is equally important 
in the investigation of hair infections, additional 
information may by obtained by examination under 
Wood’s light — a source of filtered UV light with 
maximum emission at 366mm. When hair is para- 
sitized by Microsporum audouini or M. canis, a 
greenish fluorescence is produced at the base of the 
hair shaft and indicates the most productive area 
to sample for microscopy and culture. None of 
the other species commonly associated with hair 
infections produces fluorescence. 

Prepare specimens for microscopy by reducing 
to thin fragments on a slide and adding a drop of 
20% potassium hydroxide dissolved in 40% aqueous 
dimethyl sulphoxide (KOH/DMSQO). This allows 
rapid penetration and maceration of the tssue without 
resort to heating before viewing. Apply a coverslip; 
after a few minutes, tap gently to achieve as thin a 
preparation as possible. For bright-field iliumina- 
tion, the microscope condenser should be racked 
completely down. Alternatively, when available, 
phase-contrast or dark-ground illumination greatly 
facilitates the observation of hyphae which are seen 
as fine filaments that traverse the tissue unimpeded 
by the host cell structure (Fig. 41.7). 

The Calcofluor white fluorescent stain may be 





Fig. 41.7 Hyphae of a dermatophytic fungus in skin (KOH 
preparation, phase contrast x 880). 


used to advantage, especially where the laboratory 
worker lacks experience. The procedure set out 
above should be followed except that a drop each of 
KOH 20% and Calcofluor white* is substituted for 
the KOH/DMSO mixture and the final preparation 
is viewed by fluorescence microscopy. Fungal hyphae 
appear bright green against a dark background. 

Dermatophyte hyphae, especially in hair, frequently 
round off with the production of arthrospores. Take 
care to avoid confusing hyphae and arthrospores 
with deposits of cholesterol on the surface of the 
squamous cells. This artefact is often referred to as 
‘mosaic fungus’. 

The bases of hair shafts, particularly those areas 
that fluoresce or have visible crusted areas, should 
be selected and closely examined microscopically 
to determine whether the hyphae and arthrospores 
form a sheath around the outside (ectothrix) or if they 
are situated totally within the hair shaft (endothrix). 
This information is often helpful in identifying the 
isolate obtained on culture. The finding of hyphae 
in a specimen of keratinous material enables a diag- 
nosis of fungal infection to be made, More specific 
identification of the causal fungus is impossible by 
simple microscopy, except in the case of pityriasis 
versicolor (see below). With skin infections, a 
positive microscopy finding should be the signal for 
treatment with a broad spectrum antifungal drug; 
for hair and nail infections, oral griseofulvin or 
terbinafine should be prescribed on a ‘best guess’ 
basis until the results of culture are known. Alterna- 
tively, topical amorolphine may be more appropriate 
in non-dérmatophyte onychomycosis. 


Pityriasis versicolor 


The definitive diagnosis of pityriasis versicolor by 
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direct microscopy rests on the unique appearance of 
the causal organism in skin. Adhesive tape strippings 
provide the simplest means of identification once 
they have been stained by running a drop of Parker’s 
blue-black Quink ink or methylene blue or lacto- 
phenol cotton blue* under the tape. The fungal 
elements absorb the dye preferentially and appear 
as abundant short curved hyphae associated with 
groups of spherical cells giving a ‘bananas and grapes’ 
or ‘spaghetti and meat-balls’ arrangement (Fig. 41.8). 
It was thought originally that the agent of pityriasis 
versicolor was an obligate parasite and the name 
Malassezia furfur was applied to its appearance on 
direct microscopy. Subsequently, however, it was 
discovered that the yeast Pityrosporum orbiculare 
could be isolated if the culture medium is overlaid 
with olive oil to satisfy an absolute requirement 
for fat. P. orbiculare may cause seborrhoeic dermatitis 
but it may also form part of the commensal flora of 
skin. The microscopical findings for this condition 
are diagnostic and the subsequent culture of the 





Fig. 41.8 Malassezia furfur (Pityrosporum orbiculare): yeas\| 
and short hyphal forms in the skin from pityriasis versicolor 
(Parker's Quink ink x 880). 
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Results of culture on stated medium with 








Medium* Dermatophytes 
Mait peptone agar (MPA) + 
MPA+P.+5+C 
Nutrient agar+P+S+C + 

+ 


Potato dextrose agar+P+S+C 


*See Methods for details. _ 
° Includes opportunist filamentous fungi. 
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on selective media, | 


Yeasis® 


+ 
(+) 
(-) 
(+) 


causative fungus is accordingly not performed in 
the routine mycology laboratory, 


isolation of dermatophytes 


Although methods for isolation of dermatophyte 
species vary considerably from one laboratory to 
another, they have several features in common. 
A typical mycological medium such as malt or 
Sabouraud’s agar is used, with minor modifications 
such as adjustment of the pH. Incubation is at 
28-30°C, which is the optimum for all except one of 
the dermatophytes, usually for 2—3 weeks. Diseased 
keratinous tissue harbours a great many organisms 
and it is necessary to inhibit or reduce the growth 
of contaminating bacteria and fungi by the addition 
of selective agents, such as antibacterial antibiotics 
and the antifungal cycloheximide, to the media. An 
effective scheme for the isolation of dermatophytes, 
yeasts and the miscellaneous filamentous fungi 
causing superficial mycoses is as follows. 


Culture media 


The basal medium is malt* or Sabouraud’s agar* 
with added peptone or yeast extract respectively. 
A typical composition is malt extract (syrup) 4%, 
mycological peptone 0.5% and agar 2% in distilled 
water. 

Table 41.3 lists the range of media employed in 
the mycological investigation of skin, nail and hair 
and their effect on the fungi that may be present. 
This shows that a medium lacking selective agents 
is necessary for the reliable isolation of yeasts and on 
those few rare occasions when a filamentous fungus 
other than « dermatophyte is causative. Cyclohex- 
imide (C), also known as actidione, reduces the 
growth of some yeasts and fungi other than the 
dermatophytes when it is inco*porated at a con- 
centration of 500 mg/litre. Natamycin, also known 
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as pimaricin, offered some advantages over cyclo- 
heximide but is no longer available. Penicillin (P) at 
a concentration of 20 000 units/litre and streptomy- 
cin (S) at 40 mg/litre should be added to all media 
after autoclaving. Chloramphenicol may be substi- 
tuted ‘at 500 mg/litre before autoclaving. As the 
causative agent of cattle ringworm, T. verrucosum, isa 
fastidious organism that produces little or no growth 
on malt agar, a nutrient agar (25 g Oxoid nutrient 
broth No. 2 and 20g agar/litre) containing cyclo- 
heximide and antibacterials should be prepared. A 
fourth medium consisting of potato dextrose agar 
plus cycloheximide and antibiotics is worthy of 
consideration since it allows early identification of 
T. rubrum and differentiation of other species. The 
four media, as shown, are therefore inoculated (see 


Methods* for recipes). 


Inoculum 


Skin and nail should be reduced in size to pieces 
approximately 1mm across. Hair roots should be 
selected especially where crusted or fluorescent 
material is found and cut into similarly sized frag- 
ments. Because of the scanty presence of fungi in the 
tissue, pieces smaller than 1 mm are less likely to 
contain viable hyphae while larger fragments may not 
allow adequate diffusion of nutrients and selective 
agents into the tissue. At least four inocula should 
be gently implanted into the agar on each plate at 
well spaced intervals. 


Incubation 


All dermatophytes have an optimum temperature 
for growth in culture of 28-30°C, with the exception 
of T. verrucosum, which grows best at 37°C. Since 
there is little appreciable difference in the growth 
rate of this species at the lower temperature and there 
is less drying out of the media, it is more convenient 
to incubate all plates at 28°C. All plates should be 
examined regularly for growth and incubated for up 
to 3 weeks before recording no growth. 


No growth from positive material 


Failure to isolate a fungus from a specimen of skin or 
hair in which hyphae were seen in the microscopy 
sample can usually be attributed to: 


1. Insufficient or incorrectly collected material 
for culture. 

2. Prior treatment of the lesion with an agent 
possessing antifungal activity. 
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3. Incorrect storage such as refrigeration, or 
holding the material in a container that retains 
moisture. 


With nail tissue, failure to isolate a fungus occurs 
in almost 70% of specimens seen to contain hyphae 
in the author’s laboratory. This is a well recognized 
world-wide phenomenon and though it is evident 
with other fungi causing onychomycosis, the most 
likely pathogen is a dermatophyte which should 
respond to griseofulvin or terbinafine therapy. Para- 
doxically it has been shown (Gentiles 1971) that 
the chances of isolating a dermatophyte from nail 
tissue actually increase after griseofulvin has been 
administered for a few months. 


identification of dermatophytes 


Cultures should be examined at 4- or 5-day intervals 
from the outset. Growth of a dermatophyte usually 
occurs within 7-10 days and colonies are recognized 
as being light coloured, often white and shades 
thereof, and never blue, black or dark green. 


yeasts 


Yeasts grow as typical pasty colonies and are readily 
recognized. Their significance, however, is less 
obvious. The clinical information accompanying 
the specimen is often helpful in determining the 
relevance of a yeast isolate to the disease syndrome, 
but there are no hard-and-fast rules for interpreting 
laboratory results. The following factors should be 
considered when a yeast has been isolated in the 
absence of a dermatophyte: 


1. Hyphae should have been observed on micro- 
scopical examination of the tissue and it may have 
been possible to distinguish pseudomycelium and 
associated budding cells, The possibility of a yeast 
pathogen should be considered when the hyphae 
are abundant, long and thin and less conspicuous 
than those of a dermatophyte. 

2. Growth should be present from the majority 
of inocula on the mediurm without selective agents. 
It is likely that growth, although less extensive, will 
also be present on the media incorporating cyclo- 
heximide. 

3. Identification of the yeast (as set out im the 
previous section) is helpful. For instance, Candida 
albicans or C. parapsilosis may be either commensal 
or pathogenic, whereas Rhodotorula glutinis or Tn- 
chosporon beigeleti are almost exclusively commensal 
on keratinous Tissue. 
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Miscellaneous filamentous fungi 


True fungi, other than dermatophytes, are seldom 
pathogenic on skin, but on rare occasions they can 
invade nail tissue — especially traumatized nail tissue 
of the great toe. They should be considered as po- 
tential pathogens only where abnormal hyphae and 
especially when large chlamydospores are seen on 
microscopy. Identification of the filamentous fungi 
is achieved in the conventional manner by reference 
to appropriate texts such as Barnett & Hunter 
(1972), Barron (1968) and Samson & van Reenen- 
Hoekstra (1988). Fusarium oxysporum, Scytalidium 
dimidtatum (Hendersonula toruloidea) and Scopulariopsis 
brevicaulis are amongst the more commonly isolated 
species in this rare group. 


Dermatophytes 


The gross appearance of the colony serves as the 
first important step-in the recognition and identi- 
fication of a dermatophyte. Colonies that are blue, 
black or dark green should be regarded as non- 
dermatophytes. The following characteristics should 
be noted: the rate of growth of the colony; the 
texture, colour and shape of the upper thallus; and 
the production of pigment on the underside. With 
experience it becomes possible to identify an isolate 
on these gross morphological characteristics alone. 
Precise identification is generally accomplished by 
examination of a representative section of the sporu- 
lating area of the colony under the microscope. The 
conventional method of making a preparation for 
microscopy consists of using mounted needles to 
take a representative sample of the area of the colony 
that is mature and likely, therefore, to be spore- 
producing.* The sample is then teased out in a drop 
of lactophenol cotton blue on a microscope slide and 
a cover-slip is applied. This is a time-consuming 
process and requires considerable skill to separate 
out the individual hyphae without damage. Spores 
are readily released from the spore-bearing struc- 
tures and so the point of greatest significance may 
be lost. A more rapid method that allows even the 
completely inexperienced worker to achieve satisfactory 
preparations is performed thus: 


1, Place an elongated drop of lactophenol cotton 
blue on a clean microscope slide. 

2. Take a piece of clear vinyl adhesive tape (e.g. 
Sellotape or Scotch Tape type 361) 6-7 cm long 
and hold loosely between the thumb and forefinger 
of each hand. Allow the centre of the adhesive side 
of the tape to touch the colony lightly under its own 


weight. 
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3. Transfer to the slide, placing the area with 
adhered mycelium on to the lactophenol cotton blue. 
Microscopical examination reveals spores and other 
relevant structures fixed in place by the adhesive. 
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ASPERGILLOSIS 





The genus Aspergillus consists of hundreds of species, 
many of which can exploit a variety of substrates 
and both grow and reproduce within a wide range 
of environmental conditions. Aspergillus fumigatus 
is a ubiquitous example and its airborne spores can 
cause respiratory allergies directly or give rise after 
germination to infection of the respiratory tract. 
Invasive bronchopulmonary infection occurs in the 
highly immunocompromised patient and can serve as 
a primary focus for dissemination to other organs. 
Generally the term aspergillosis is taken to imply 
an infection caused by A. fwmigatus in the broncho- 
pulmonary system but it should not be forgotten 
that other species, such as A. flavus, A. niger and 
A, terreus, can infect the lungs, and that aspergillus 
infection may occur at other sites such as the eyes 
and ears. Kerato-mycosis can be caused by several 
Aspergillus species and mostly follows trauma. A. niger 
is the species predominantly isolated from otitis 
externa although it is less common in air than 


A. fumigatus and so a degree of specialization or. 


adaptation to the microenvironment of the ears and 
the respiratory tract is evident. All organs of the 
body have been recorded as invaded by aspergillus 
and disseminated aspergillosis is being more widely 
recognized as advances in medicine enable severely 
debilitated and immunologically compromised 
patieits to survive. 

The inhalation of the spores of Aspergillus can 
give rise to a hypersensitivity reaction producing 
symptoms of asthma and rhinitis in atopic individuals 
(type I): inhalation in large numbers may induce 
an allergic alveolitis (type III) in atopic and non- 
atopic individuals. Maltworker’s lung is an example 
of the latter and is caused by the inhalation of large 
numbers of spores of A. clavatus released into the 
atmosphere during the turning of contaminated 
malting barley. 

Bronchopulmonary aspergillosis has been divided 
into three arbitrary types (Crofton & Douglas 1981) 


in all of which there is vegetative growth of the 


fungus within the bronchopulmonary system and the 
(sometimes spasmodic) expectoration of hyphae in 
sputum: 


1. Allergic bronchopulmonary aspergillosis (ABPA) 
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reflects hypersensitivity to antigenic material released 
from colonization of the bronchial lumen and there 
is no invasion of lung tissue or of the bronchial 
wall. The fungus appears to colonize the bronchial 
secretions. Occasionally, bronchial plugs may be 
formed consisting mainly of mucus rather than 
mycelium and these may obstruct the bronchi to 
cause segmental, lobar or whole lung collapse. Bron- 
chial casts may be coughed up spontaneously, or it 
may be necessary to remove the plugs at broncho- 
scopy to allow reinflation of the affected part of the 
lung. These plugs are ideal specimens for micro- 
scopy and culture but.it should be emphasized that, 
contrary to expectations, few hyphae are present in a 
direct smear and such specimens should be processed 
in a manner similar to that of sputum. 

2. Aspergilloma is the most common form of 

bronchopulmonary aspergillosis and is produced by 
the colonization of a lung cavity created by pre- 
vious disease, typically tuberculosis, but occasionally 
sarcoidosis, pulmonary infarction, bronchiectasis 
or invasive aspergillosis. A typical aspergilloma is 
composed of a cavity wall developed from modified 
bronchial epithelium enclosing a mass of fungal 
mycelium and detritus that almost completely fills 
the cavity leaving a ‘halo’ of air space that 1s often 
visible on X-ray. The mycetoma tends to consist 
largely of amorphous material with relatively few 
hyphae. 
3. Invasive or necrotizing aspergillosis occurs in pre- 
disposed patients such as those receiving immuno- 
suppressive therapy or the severely debilitated. 
Active invasion of healthy lung tissue by the fungus 
usually occurs as a solitary event but it may result in, 
or from, disseminated aspergillosis. It is imperative 
to establish a definitive diagnosis quickly as the 
disease spreads rapidly throughout the lungs causing 
respiratory failure. 


Laboratory diagnosis of aspergillosis 


In view of the variable output of fungal fragments 
in the sputum of patients with aspergillosis, an entire 
3-day collection may be necessary, especially in 
allergic bronchopulmonary aspergillosis (see relevant 
section at beginning of chapter). This allows a more 
conclusive investigation and can establish a baseline 
for future reference, for example to assess the efficacy 
of treatment. 

The laboratory diagnosis of bronchopulmonary 
aspergillosis has to be made by taking into account, 
on the one hand, the frequency with which aspergil- 
lus spores are present in the atmosphere, and on 
the other, the relative scarcity of the diagnostic fungal 


hyphae in sputum. Even quite large numbers of 
colonies, up to 1000Am1 of sputum, can be obtained 
from spores that have been inhaled and trapped in 
the bronchial secretions or by contamination of the 
sputum during, collection and processing. Isolation 
alone is not indicative, therefore, of bronchopulmo- 
nary aspergillosis and a definitive diagnosis is only 
possible by.the observation of the characteristic 
hyphae on microscopy. Conversely, failure to isolate 


A. furmgatus is usually conclusive evidence against 


aspergillosis provided a sufficiently large volume of 
inoculum has been cultured. Consequently, some 
use can be made of culture in primary screening of 
sputum from suspected cases. 


ah 


Primary screening tests for Aspergillus 


Screening tests are at their most valuable in invasive 
aspergillosis since precious time can be saved. 
Remove the entire sputum specimen (preferably at 
least 2 ml) with a sterile cotton-woo] swab and spread 
over the surface of a plate containing malt peptone 
agar to which penicillin and streptomycin have been 
added.* The swab, having’ become suitably charged 
during the process, should be used to seed a second 
plate of the same medium in the conventional 
manner. Incubate the entire sputum plate at 45°C 
and the swab plate at 37°C for 48h. The higher 
temperature is selective and prevents the overgrowth 
of the profuse numbers of bacteria and yeasts present 
in such a large inoculum whereas A. fumigatus grows 
well although slightly more slowly than at 37°C. 
Aspergillus species can be identified by the charac- 
teristic sporing head seen on microscopy (Fig. 41.9), 
and the strong colour of the spores which is conferred 
on the colony. For example, A. furmgatus produces 





Fig. 41.9 Two conidiophores of Aspergilius fumigatus 
(lactophenol cotton blue x 880). 
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a deep blue-green colony, A. flavus light to yellow 
green, A. terreus cinnamon to beige or sandy brown, 
and A. niger dark brown to black. Various morpho- 
logical features associated -with—the- sporing -head 
allow accurate identification (Thom & Raper 1951). 

It is difficult to interpret the results of culture 
without parallel observations from sputum micro- 
scopy. As a general rule, a few aspergillus colonies 
on the plate incubated at 45°C suggests spore con- 
tamination. If colonies are more numerous, further 
collections should be made and the sputum pro- 
cessed to establish the presence of the diagnostic 
hyphae by microscopy and to obtain a quantitative 
count of colony forming units. 


Microscopy and culture for Aspergillus 


Because of the variable nature of sputum and the 
small numbers of hyphal fragments that may be 
present, homogenization and concentration are 
necessary. Mechanical degradation is inadequate to 
allow centrifugation and pipetting, and the fungus is 
unlikely to survive caustic hydrolysis. Chemical 
agents such as cystine hydrochloride and dithiothreitol 
appear to yield variable results depending upon the 
nature of the sputum being processed. Experience 
has shown that a combination of mechanical agitation 
and enzymic hydrolysis offers the most satisfactory. 
method. 

Note. All processing of respiratory secretions 
should be carried out in a safety cabinet in 
accordance with the relevant Health and Safety 
regulations. 


1. Prepare a 5% suspension of pancreatin (Grade 
ITI, Sigma) in sterile distilled water. Shake vigorously 
and centrifuge. Remove supernate (which may be 
stored at —20°C) and dilute 1 in 10 in saline to pro- 
vide a working strength solution in 10 m! amounts. 

2. Transfer the sputum to a squat 60 ml specimen 
container and add (a) 10m! of working strength 
pancreatin solution for every 5-10 ml of sputum and 
(b) a stirring magnet. 

3. Place the 60m) container in a polythene bag 
and place on a magnetic stirrer until the sputum is 
homogenized in approximately 1-2 h. 

4, Transfer the digested sputum to a universal 
container and centrifuge at 3000 rpm for 20 min. 

5. Record the volume of the sputum, having 
removed a volume of supernate equivalent to that 
of the pancreatic enzyme suspension added at the 
beginning of the process. 

6. Remove a loopful of deposit and place on a 
clean microscope slide. Add either one drop of 20% 
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KOH and one drop of Calcofluor white in 0.5% 
Evans blue* or a drop of 20% KOH in DMSO; 
emulsify with the loop and place a cover-slip on top. 
Remove another loopful of sediment to make a dry 
smear and heat fix. 

7. Resuspend the sediment in the remaining 
supernate and remove 0.1] ml and spread over a malt 
peptone agar plate containing antibiotics. Remove 
a further 0.1 ml to prepare dilutions at 1 in 10 and 
1 in 100 in sterile saline. Use 0.1 ml of each dilution 
to inoculate two further plates. Incubate these plates 
at 45°C. 

8. Divide the remaining homogenized sputum 
equally between two plates containing malt agar 
with antibiotics. Use multiple plates if the volume 
on each plate is likely to exceed 5 ml. 

9. Incubate one plate at 37°C and the other at 
45°C for 48 h. 


Microsopy 


The KOH/DMSO preparation (see above) can be 
viewed immediately, preferably by phase-contrast 
or dark-ground rather than bright-field illumination. 
Fluorescence microscopy should be used to examine 
the preparation stained with Calcofluor white, which 
causes the hyphae to fluoresce bright green. The 
characteristic aspergillus hyphae are scanty so that 
extreme care and patience are required; scan the 
entire area of the preparation. On occasion, aspergillus 
hyphae may be difficult to differentiate from candida 
hyphae which are frequently present in sputum and 
are of little or no pathological significance. ‘Typically, 
the fragments of A. fumigatus are wavy and densely 
branched, often described erroneously as dichoto- 
mous (Fig. 41.10). Some may show undeveloped 





Fig. 41.10 Aspergilius fumigatus: wavy and densely branched 
hyphae in sputum (methenamine silver x 880). 
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branch initials. An experienced mycologist can sug- 
gest the type of aspergillosis in the sputum on the 
basis of the size, frequency and morphology of the 
hyphae. 

The heat-fixed preparation should be stained with 
methenamine silver nitrate (Grocott 1955). It may 
be examined at any time, but it should be retained 
until the results of culture are known. Fungal 
elements stain dark brown or black. 


Culture 


Isolates of A. fumigatus are often visible as small, 
faint, filamentous colonies, with some sporulation 
after 1 day but it is essential to continue incubation 
for a further 24h. Record the number of colonies 
on the dilution plates and multiply by the appropriate 
factor to calculate the counts/ml of sputum. The 
counts on the total sediment plates should correlate 
with these calculations and they also serve to detect 
small numbers. On occasion. A. fumigatus is present 
only on the plate incubated at 45°C, as growth 
may be suppressed at 37°C by contaminating yeasts 
and bacteria. Conversely, some strains of A. fumigatus 
and other species of Aspergillus grow poorly at 45°C 
and are detected on the 37°C plate alone. 

There is no hard and fast rule for the interpretation 
of the results of culture on their own. In general, 
the greater the numbers of A. fumigatus on culture, 
the greater is the likely significance. In exceptional 
circumstances up to 1000 colonies/ml of sputum 
may result from inhalation of spores from a heavily 
contaminated atmosphere. Profuse growth is not 
diagnostic but should encourage the collection of 
more sputum for further microscopical examination. 
Conversely, a small proportion of aspergilloma 
patients produce sputum which contains typical 
hyphae that fail to grow on culture. Thus, negative 
culture is not always exclusive. 

The laboratory proof of bronchopulmonary as- 
pergillosis is provided by a positive finding on both 
microscopy and culture. In very exceptional circum- 
stances false positives may arise in, for example, 
mechanically ventilated patients where the fungus 
appears to grow saprophytically in the bronchi. 
These patients will show an absence of signs and 
symptoms but the potential risk of such colonization 
should be related to their general state in any clinical 
assessment (see Park et al 1982). Morphological 
variants of A. fumigatus (and other species) are 
sometimes isolated (Milne 1991). These tend to 
grow more slowly and their paler green colour than 
that of the wild rype is an indication of reduced spore 
production. Significantly, morphological variants 
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have been recorded only in the sputum obtained from 
patients with an aspergilloma. 


ANTIFUNGAL DRUGS 

The range of systemically active antifungal drugs, 
though still limited, has increased significantly over 
the last decade with the introduction of fluconazole, 
itraconazole and terbinafine. The development of 
topical agents has been less dramatic, with amorolphine 
the only exclusively topical agent to be introduced. 
New antifungals are actively being sought by the 
pharmaceutical industry and it is likely that some 
will reach the market in the near future. Liposomal 
amphotericin and the recently introduced colloidal 
dispersion formulation of amphotericin are now an 
accepted part of our armoury and these provide 
potentially less toxic alternatives to the conventional 
formulation, 


Sensitivity and assay of antifungal drugs 


Topical agents 


Primary resistance to the topical antifungals is 
unknown, and resistance develops extremely rarely 
during treatment — possibly because ‘overkill’ concen- 
trations of the drug are applied. Failure to respond 
to a course of therapy is likely to be attributable 
to lack of patient compliance, or to an untreated res~ 
ervoir of infection, or to uncontrolled predisposing 
factors. Since topical antifungals are not absorbed 
to a detectable level, there is no need to determine 
their presence in body fluids. 


Systemically active drugs 


There is no standardized method for the sensitivity 
testing of fungi, because there is such wide variation 
in growth forms (yeast cells and/or hyphae) of the 
organisms and in the composition of culture media 
and culture conditions. 

Amphotericin B. The buffered desoxycholate 
complex of amphotericin has been available for 
intravenous use for over 30 years and is still the most 
effective drug for serious and life-threatening infec- 
tions. There is little or no need for sensitivity testing 
as all clinical isolates of yeasts (with the exception 
of Trichosporon beigeleit) and Aspergtllus are sensitive. 
Amphotericin can cause a variety of side-effects, with 
renal toxicity related to total dose. None appears 
to correlate with the level of amphotericin in serum, 
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and drug assay serves no purpose, especially since 
there is no correlation with efficacy either. 
Fluconazole. ‘The determination of the sensitivity 


of an isolate to fluconazole is highly dependent - 


upon the conditions under which the test is done. 
In particular, inoculum concentration, composition 
and pH of the medium and temperature and duration 
of incubation influence results. Primary resistance 
in Candida albicans and Cryptococcus neoformans has 
_ not been reported but treatment failures or relapses 
should indicate the need for sensitivity testing 
especially where the infection has been exposed to 
long-term treatment with a triazole. Ideally, isolates 
collected over a period should be compared with 
the latest isolates. Isolates of Candida krusei and 
Torulopsis glabrata show resistance and alternative 
therapy should be sought. Unless there is a specific 
requirement for frequent testing of isolates in the 
general microbiology laboratory, sensitivity testing is 
best conducted in the specialist mycology reference 
laboratories. | 

There is no need for determination of serum con- 
centrations since the levels are predictable and are 
unchanged in bone marrow transplant and AIDS 
patients and are relatively unaffected by the con- 
comitant administration of rifampicin. 

Flucytosine. This drug is available for oral and 
intravenous administration and should be given only 
in combination with amphotericin except in cases 
of urinary tract yeast infections. It is essential that 
the sensitivity of the isolate is determined. Regardless 
of the method employed, extreme care should be 
exercised in the choice of culture medium as purines 
and pyrimidines in the medium act as antidotes. 
For practical guidance on sensitivity testing and the 
assay of flucytosine in body fluids see the report of 
the British Society for Mycopathology (1984). 

Griseofulvin. Taken orally, griseofulvin becomes 
incorporated into newly synthesized keratin and thus 
can affect only those fungi (i.e. the dermatophytes) 
that have keratinolytic properties. In-vitro exami- 
nation against dermatophytes is of no practical sig- 
nificance and unless malabsorption is suspected the 
determination of serum levels of the drug is not 
undertaken. 

Itraconazole. It is advisable to monitor serum levels 
whenever itraconazole is given for life-threatening 
infection as absorption varies from individual to 
individual. In the event of treatment failure with 
itraconazole, inadequate serum concentrations should 
first be suspected. These may be determined, by 
high-performance liquid chromatography (HPLC) 
or by bioassay. The latter yields higher values due 
to the detection of biologically active metabolites in 
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addition to the pure substance. It is important to 
allow the drug to reach a steady state, usually after 
1—2 weeks, before levels are determined. Blood for 
peak level determination should be taken 4h after 
the administration of a dose. In bone marrow 
transplant patients, and in patients with AIDS, low 
levels can be expected. Similarly, interaction with 
rifampicin gives rise to low levels (< 0.05 mg/litre). 
As in the case of the other triazole, fluconazole, the 
determination of sensitivities is greatly influenced 
by the conditions of the test, which is best carried 
out by experienced workers. ; 
Ketoconazole. This was the first imidazole to yield 
significant blood levels without a-high incidence 
of side-effects when taken orally. Its main use is in 
chronic conditions such as chronic mucocutaneous 
candidosis. Sensitivity testing has limited application 
since there is poor correlation between attainable 


serum level, minimum inhibitory concentration and - 


clinical efficacy. 

Terbinafine. ‘This synthetic allylamine compound 
is active against dermatophytoses and its clinical use 
is limited to these conditions. There are no reported 
instances of resistance and so sensitivity testing and 
assay are not required. 


oF = Fey; = 


Lee ae WIRD RCP eae Sear coe ee eat Geert eee ee 


cr cf 7) oe a 
ae ae ey 
Pee pes a La Cee 7 


GENERAL MYCOLOGICAL METHOD 


Staining of fungi in wet mounts 


Transparent self-adhesive tape may be used to transfer 
fungal elements to a slide for examination either 
unstained or stained by lactophenol blue (see under 
Dermatophytes above). 


Lactophenol cotton blue stain 


Phenol crystals 20g 
Lactic acid 20 mi 
Glycerol 40 ml 
Distilled water 20 ml 
Cotton blue (or methyi blue) 0.075g 


Dissolve the phenol crystals in the liquids by gentle 
warming and then add the dye. 


Needle-mount method 


1. Place a drop of 95% alcoho! on the slide. Gently 
tease out a fragment of the culture in the alcohol 
with needles or straight wires. When it is satisfactorily 
spread, let most of the alcohol evaporate and then 
add a drop of stain. 
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2. Apply a cover-slip, avoiding bubbles, and exert 
gentle pressure if the fungus fragments do not lie flat. 

3. Remove any excess stain round the cover-slip 
with the edge of a piece of blotting paper. Let the stain 
penetrate; it may be satisfactory within a few minutes 
but differentiation may go on improving for up to 24 h. 
For permanent preparations, seal the edges with nail 
varnish or cellulose lacquer. 


- Calcofluor white fluorescent stain 


Stock solution A 


Calcofluor white (Fluorescent 


Brightener, Sigma) 1.99 
Distilled water 100 mi 
Stock solution B 
Evans blue (Sigma) 0.05 g 
Distilled water 100 ml 
Working solution 
Solution A 1m 
Solution B 9m 


Tissue and sputum (including spun deposit) should 
be mixed with a drop of the working solution and one 
of 20% KOH. Note that, to minimize background 
fluorescence, dimethylsulphoxide (DMSO) should not 
be employed. Allow a few minutes for maceration/ 
clearing; place a coverslip on top and tap gently to 
obtain as thin a film as possible. View under a fluores- 
cent microscope with an ultraviolet light source or one 
capable of producing blue tight (wavelengths longer 
than 410 or 450 nm). Fungal cell walls fluoresce bright 
green. 


Culture media for fungi 


Media for the isolation of pathogenic fungi are de- 
signed to be inhibitory to bacteria and in certain cases 
selective against other fungi as well. As agar is hydro- 
lysed by heat at a low pH, acid media for fungi are not 
heated above 115°C. After autoclaving, the medium 
may be allowed to solidify in bulk but it should be 
remelted only once and then with a minimum of heating. 
The high concentrations of sugar in some media further 
require that overheating should be avoided to prevent 
charring. 


Malt peptone agar 


Malt extract (syrup) 40q 
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Peptone (e.g. Oxoid mycological) 59 
Agar 159 
Water 1 litre 


Note: Desiccated malt extract (20g) such as that 
produced by Oxoid may be substituted for the syrup. 

Steam to dissolve the ingredients and adjust pH 
to 5.4. Autoclave at 115°C for 15min. Cool to 50°C 
and dispense approximately 20 ml amounts into Petri 
dishes. 


Malt peptone agar with antibiotics 


Prepare and autoclave medium as above. Allow to 
coo! to 50°C and add the following volumes from stock 
solutions of antibiotics: 


Malt peptone agar (1 litre) 
Streptomycin (10 000 j1g/ml) 


(4 ml) 40 pg/ml (final conc.) 
. Penicillin (10 000 units/ml) 
(2 ml) 20 units/ml (final conc.) 


Mix well and dispense 20 ml amounts into Petri dishes 
as before. 


Malt peptone agar with antibiotics and 
cycloheximide 


Prepare malt peptone agar and autoclave as above. 
Allow to cool to 50°C and add the following: 


Malt peptone agar (1 litre) 
Streptomycin (10 000 g/m!) 


(4 ml) 40 g/ml (final conc.) 
Penicillin (10 000 units/m!) 

(2 mi) 20 units/ml (final conc.) 
Cycloheximide (10 000 jig/ml) 

(50 ml) 500 j.g/ml (final conc.) 


Mix well and dispense 20 mi amounts into Petri dishes. 


Note: Prepare the cycloheximide just before use by 
dissolving 1 g in 100 mi distilled water. 


Malt broth 
Malt extract (desiccated) 20g 
Water 1 litre 


Steam to dissolve and adjust pH to 5.4. Autoclave 
at 115°C for 15 min and dispense 20 mi amounts. 


Sabouraud agar 


Glucose 209g 
Peptone (e.g. Oxoid mycological) 109 
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Agar 15g 
Water 1 litre 


Steam to dissolve and adjust pH to 5.4. Autoclave at 
115°C for 15min and dispense 20 ml! amounts into 
Peiri dishes. 


Sabouraud agar with antibiotics 


Prepare basa] medium as described above and add 
penicillin and streptomycin as directed for malt peptone 
agar with antibiotics. 


Sabouraud agar with antibiotics and 
cycloheximide 


Prepare basal medium as described above and add 
selective agents as directed for malt peptone ager with 
antibiotics and cycloheximide. 


Sabouraud broth 
Glucose 40g 
Peptone (e.g. Oxoid mycological) 10g 
Water 1 litre 


Steam to dissolve and adjust pH to 5.4. Dispense in 
required amounts and autoclave at 115°C for 15 min. 


Sugar assimilation agar 


Basal medium | 


Yeast nitrogen base (Difco) 6.79 
Agar 209 
Water 1 litre 


Steam to dissolve and dispense in 10 ml amounts in 
universal containers. Autoclave at 115°C for 15 min. 


Basal medium |/ 


Ammonium sulphate 5g 
Potassium dihydrogen phosphate 19g 
Magnesium sulphate, MgSO,.5H,O 0.59 
Agar 20g 
Water 1 litre 


Steam to dissolve ingredients and dispense in 10 ml 
amounts in universal containers. Autoclave at 115°C 
for 15 min.. Note. Basal medium II requires the addition 
of yeast extract as a source of vitamins and trace 
elements. 

Appropriate sugars are added as described above 
(see Sugar assimilation tests for identification of yeasts). 
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Potato dextrose agar 


For convenience this potato dextrose agar (PDA) is 
generally prepared from dehydrated medium according 
to the instructions of the manufacturer (e.g. Oxoid). 
Alternatively, this medium may be prepared from raw 
materials as follows: 


Potato 200g 
Dextrose 20q 
Agar 20g 
Water 1 litre 


Scrub but do not peel the potatoes and cut into 12 mm 
cubes. Boil 200 g in 1 litre of water for 60 min. Squeeze 
as much of the pulp as possible through a fine sieve. 
Add agar and boil till dissolved. Add dextrose and make 
up to 1 litre. Dispense in required amounts taking 
care to keep solids in suspension. Autoclave at 115°C 
for 30 min. Cool to 50°C and pour approximately 20 ml 
amounts into Petri dishes. 


Potato dextrose agar with antibiotics and 
cycloheximide . 


Prepare basal medium as described above and add 
selective agents as directed for malt peptone with 
antibiotics and cycloheximide. 


Cornmeal agar 


This medium may be prepared either from commer- 
cially available dehydrated ingredients according to 
the instructions of the manufacturer (e.g. Oxoid) or, as 
indicated below, from basic ingredients. 


Cornmeal 40g 
Agar 159g 
Water 1 litre 


Boil the cornmeal in 1 litre of water for 60 min. 
Filter through muslin and add the agar. Steam to 
dissolve, dispense in required amounts and autoclave 
at 115°C for 30 min. Allow to cool to 50°C and pour 
approximately 20 m! amounts into Petri dishes. 


Christensen’s urea agar containing 
glucose 


Glucose 59 
Sodium chloride 5g 
Potassium dihydrogen phosphate 2g 
Peptone 1g 
Agar 20g 
Water 1 litre 
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Steam to dissolve ingredients in 1 litre of water. Add 
6 ml phenol red (0.2% in 50% alcohol). Dispense in 
convenient amounts, e.g. 200 ml. Autoclave at 115°C 
for 30 min. Steam base to melt, allow to cool to 60°C 
and add 5m! of urea (40% aqueous filter-sterilized 
solution) to every 100 ml of medium. Dispense 5 ml 
amounts of the medium aseptically into test tubes and 
slope. 


Sugar fermentation medium 


Peptone (Oxoid) 15g 
Andrade’s indicator 10 ml 
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W. H. A. Lumsden’ Sheila Burns A. McMillan 





Unicellular eukaryote organisms (Protista) fall into 
three main groups with organizations akin to multi- 
cellular plants, fungi, or animals, respectively. The 
Protozoa belong to the last group. Their modes of 
living and their life histories are extremely diverse 
and complex and consequently they display a far 
wider range of morphology than do bacteria. Many 
species are parasites or commensals of higher plants 
and animals. This chapter deals with those of medical 
importance. 

The various functions of the multicellular higher 


Table a2. i Classification ot the medically important protozoa (simpifiod from Baker 197). me ie f 3 3 hae: rhe g 





animals are performed in the Protozoa by the differ- 
entiation of parts of the single cell into organelles 
that perform particular functions. Examples are: 
pseudopodia, flagella, cilia, or undulating mem- 
branes, for locomotion; pseudopodia, cytostomes 
or pinocytotic systems for food ingestion. Thus the 
microscopical observation of morphology, often 
after staining, is particularly important in diagnosis. 

The classification of the Protozoa, greatly sim- 
plified to present only those important as parasites . 
of man, is given in Table 42.1 with the organisms 


——— 








Phylum Protozoa 
Subphylum | Sarcomastigophora 
Superciass 1 Mastigophora 
Class 2 Zoomastigophorea 





Order Kinetoplastida Leishmania, Trypanosoma 
- Order Retortamonadida ARetortamonas, Enteromonas, Chilomastix Flacell 
Order Diplomenadida Giardia ane 
Order Trichomonadida Trichomonas, Dientamoeba* 
Superclass 3 Sarcodina 
¢ Class 1 Rhizopodea ah: Sr 
Ps Order Amoebida Entamoeba, Endolimax, lodamoeba, Naegleria, Acanthamoeba Amoebae 
subphylum Ii Sporozoa 
Class 1 Telosporea 
Subclass 2 Coccidia 
Order Eucoccida 
Suborder Eimeriina isospora, Cryptosporidium, Toxoplasma, Sarcocystis 
Suborder Haemosporina Plasmodium 
Class 2 Piroplasmea ia ai 
Order Piroplasmida Babesia 
Subphylum !V Microspora 
Class 1 Microsporidea Nosema, Encephalitozoon, Pleistophora, Microsporidium, 
Enteracytozoon necronedls 
-Subphylurn V-Ciliophora ; 
Class 1Ciliatea 
~ Subclass Holotrichia 
‘Order Trichostomatida Balantidiurm Ciliates 
Of uncertain taxonomic position Pneumocystis 
* Previously placed in the Order Amoebida; transferred on ultrastructural evidence. 
® A unicellular eukaryote pane, perhaps to be placed in the Sporozoa, perhaps with the Ascomycetes yeasis. 


 — 
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broadly grouped as flagellates, amoebae, sporozoa 
and ciliates. These distinctions are not absolute, as 
some organisms are flagellate or amoeboid at differ- 
ent stages of their existences. The flagellates and the 
amoebae have relatively simple life histories in which 
binary fission is the main method of reproduction. 
Both the sporozoa and the ciliates have conspicuous 
sexual cycles. To facilitate quick reference the 
organisms are treated in this chapter in the taxo- 
nomic order given in Table 42.1. The nomenclature 
for organisms follows that of Kudo (1966) and Kreier 
(1977, 1978). 

Chapter 54 in Volume 1 of the 13th Edition of 
this work provides summaries of the protozoological, 
clinical and epidemiological aspects of these medi- 
cally important Protozoa; for more extensive treat- 
ments see Belding (1965), Faust & Russell (1964), 
Wilcocks & Manson-Bahr (1972) and Kreier (1977, 
1978). 

Protozoa are important mainly in warm countries 
as causes of the major health problems of malaria, 
leishmaniasis, trypanosomiasis and amoebiasis. 
Other protozoal infections are also of significant 
importance, such as giardiasis, trichomoniasis and 
toxoplasmosis. Modern developments which are 
contributory to an increase in protozoal disease in 
temperate countries are the tourist industry, which 
may expose people to insect-transmitted tropical 
infections such as malaria and trypanosomiasis, 
alterations in sexual mores, which result in increased 
person-to-person transmission of conditions such 
as trichomoniasis and amoebiasis, and immuno- 
suppression, which may allow a normally commensal 
organism such as Pneumocystis to become a pathogen. 

Many of the protozoal agents described are not 
special to man and occur also in other mammals. 
Transmission of some of these zoonoses to man 
may be an occasional accidental event, as with 
Balantidium; for others, it may be an important 
epidemiological factor providing a reservoir in other 
animals from which man is more or less frequently 
infected, as in leishmaniasis and trypanosomiasis. 
Zoonoses may raise problems of organism iden- 
tification. For example, different ‘subspecies’ of 
Trypanosoma brucei, all morphologically identical, 
may be non-infective to man, or cause rapidly or 
slowly progressive lethal disease. Recently, objective 
methods, particularly isoenzyme typing, have been 
developed for the characterization of such organisms 
by recognizing genetically different subpopulations 
within a single ‘species’ (see Gibson et al 1980). 
These greatly improve understanding of pathology 
and epidemiology, but are not yet generally available. 

Most protozoal pathogens are readily propagated 
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in culture but a few, e.g. Giardia, remain recalcitrant. 
Many conveniently infect small laboratory animals. 
All can be preserved for reference, research and 
diagnostic purposes by cryopreservation, usually in 
liquid nitrogen (for methods, see Lumsden et al 
1973). 


Diagnosis by protozoological methods 


Direct methods, in which the organisms are sought 
directly in specimens of tissue or in the contents of a 
hollow organ, are often helpful. In many protozoal 
infections, however, the diagnostic problem is mainly 
due to the paucity of the organisms present. Patho- 
logical effects may be due to organisms which are 
present in extremely smal] concentrations in the 
tissues or visceral contents that are readily accessible 
to sampling. Direct examination methods are thus 
sometimes only of low efficiency. For instance, in 
the direct examination of a wet mount of blood for 
trypanosomes, which being motile are quickly recog- 
nized if seen, the recognition threshold is about 
250 000 orgs/ml if examination is not to be labori- 
ously protracted. In fixed stained blood films where 
objects have to be individually visualized and assessed 
so as to be differentiated from blood constituents 
the threshold of recognition is probably higher. 
Methods to enhance the chance of detecting 
organisms in such situations include concentration 
methods whereby the protozoal content of a specimen 
is concentrated into a small volume easily searched 
by microscopy, and multiplicative methods, in which 
specimens selected as likely to contain organisms 
are seeded in culture media, or introduced into re- 
ceptive animals or insects in which they can multply 
to produce populations sufficiently numerous for 
detection and identification by microscopy. Methods 
of cultivating protozoa in vitro are exhaustively 
treated by Taylor & Baker (1968, 1978). 
Protozoological methods of diagnosis fall into two 
broad groupings, one suitable for those organisms 
that inhabit tissues, including blood, and the other 
for those that primarily inhabit the mucous surfaces 
of hollow viscera communicating with the exterior. 
Methods of examination for these two groupings are 
broadly similar in principle but differ in detail. 
Tissue protozoa, Direct examination of easily ac- 
cessible body fluids (blood, CSF), lymph-node or 
tissue aspirates, and tissue biopsy. Concentration 
methods involve centrifugation of samples with no, 
or only small, host cell content, or centrifugation of 
samples after separation of host cells. Multiplicative 
methods include cultivation, mostly on blood agar 


_ media, animal inoculation, or arranging the ingestion 
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of a blood sample by the insect vector appropriate for 
multiplication of the organism (xenodiagnosis, as 
for Trypanosoma cruzi, see below). 

The conspicuous motility of some of the stages of 
these protozoa is exploited in wet-mount microscopy. 
This is used for the direct detection of 7rypanosoma 
brucei in specimens of blood, lymph-node aspirate 


“or CSF, or the detection of Letshmamia and T. cruzi 


in cultures or in animals at appropriate periods 
after inoculation with suspect materials. Sometimes 
the wet mount will provide an unequivocal diagnosis, 
as with Trypanosoma brucei, but sometimes fixed 
stained thin films of deposits from fluids or of tissue 
or culture smears are required for further morpho- 
logical studies to confirm diagnosis. Thin films fixed 
with methanol and stained with Romanowsky stain 
are most used. Of the Romanowsky stains, Giemmsa’s 
is preferred as the simplest and most flexible. 

Hollow viscus protozoa. Specimens for diagnosis 
include faeces, aspirates of intestinal contents, 
mucous membrane exudates, biopsy sections and 
impression smears, fluid from ulcers, and abscess 
aspirates. Unstained wet mounts are used for the 
direct recognition of motile organisms, and stained 
with iodine or other stains for visualizing structures 
within encysted organisms. The observation of 
nuclear structure and other intracellular organelles 
necessary for identification may sometimes require 
special staining methods, such as iron-haematoxylin 
after fixation in Schaudinn’s fluid. Organisms may be 
concentrated from specimens, e.g. faeces or vaginal 
exudate, by differential flotation and centrifugation, 
Multiplicative methods include cultivation on a 
variety of special media, sometimes containing other 
living organisms such as Escherichia coli for the 
cultivation of Entamoeba histolytica, and sometimes 
under anaerobic conditions, as, for example, for 
Trichomonas vaginalis. 


Microscopy 


Although the initial search for these organisms may 
be done at lower magnifications, their critica] recog- 
nition demands high quality, high resolution, oil- 
immersion objectives and, usually, fixed and stained 
preparations. As relative size 1s often an important 
diagnostic feature, the microscope used for routine 
protozoologica]l diagnosis must have a 100~-division 
eye-piece micrometer permanently in place and 
must bear a permanent label giving the ‘per division’ 
calibration in micrometers of each of its eye-piece 
and objective combinations. Take care to obtain the 
most favourable specimens for examination: fresh 
wet mounts sufficiently thin for the organisms to be 
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easily seen and for the cover-slip to be stable; 
stained preparations with good fixation and con- 
sistent staining, with as little as possible extraneous 
material on the slide, such as deposit from stain. 


Diagnosis by immunological methods 


Methods for the demonstration of antibodies to pro- 
tozoa are reviewed in genera) by Lumsden (1973), 
and as applied to the diagnosis of protozoal diseases 
by Kagan & Walls (1981). Practically every sero- 
logical test known has been investigated but those 
which have been significantly used for diagnosis are: 
direct agglutination (DA), tanned cell haemaggluti- 
nation (TCH), latex agglutination (LA), modifica- 
tion of staining reaction — methylene blue dye test 
(MBD, for Toxoplasma only), indirect immuno- 
fluorescence (IF), enzyme-linked immunosorbent 
assay (ELISA), complement fixation (CF) and 
double diffusion (DD). Apart from these immuno- 
logically specific tests, the simple quantitation of 
immunoglobulin has been used, as for African 
trypanosomiasis, in which there is gross elevation 
of serum IgM early in the disease. Cell-mediated 
immune responses are sometimes exploited as a 
diagnostic index, such as the delayed hypersensitivity 
(DH) skin reaction in leishmaniasis. 

Positive immunological results are never con- 
sidered as indications for treatment of protozoal 
diseases but are useful in directing the search for 
a specific protozoal pathogen, or for indicating the 
extent of tissue invasion by Entamoeba histolytica 
in individual! patients, or for epidemiological pur- 
poses. For a summary of more recent applications 
of immunology to protozoal diseases, e.g. for the 
detection, characterization and location of antigens, 
which may ultimately alter this statement, see 
Lumsden (1986). 

Since the antigens/antisera necessary for setting 
up many of the tests will not be available in most 
clinical microbiological laboratories and are seldom 
commercially available, except in a few cases as 
complete kits, attention is directed here to cite the 
serological tests that are most useful for specific 
organisms. In the UK specimens can be sent to spe- 
cialist laboratories equipped to carry out immuno- 
logical diagnostic tests for protozoal infections at the 
London School of Hygiene and Tropical Medicine 
(Keppel Street, London WCI1E 7HT;; tel. 0171 636 
8636) or at the Liverpool School of Tropical Medi- 
cine (Pembroke Place, Liverpool] L3 5QA; tel. 0151 
708 9393); or in USA wo the Centers for Infectious 
Diseases and for Disease Control (Atlanta 30333, 
Georgia, USA). 
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FLAGELLATES ; 
The following organisms are classified as flagellates 
(Table 42.1) and are discussed below: Letshmania, 
Trypanosoma, Retortamonas, Enteromonas, Chilomastix, 
Giardia, Trichomonas and Dientamoeba. 


Leishmania 

Letshmania occurs in man as intracellular amastigotes 
in cells of the mononuclear phagocytic system 
(MPS). In visceral leishmaniasis (VL) the MPS cells 
affected are mainly in the spleen, liver, bone marrow 
and lymph nodes. In cutaneous leishmaniasis (CL) 
the skin is affected mainly, sometimes also the 
mucous membranes of the nose and pharynx (muco- 
cutaneous leishmaniasis). Although there are differ- 
ences in size, in the relation of the kinetoplast to 
the nucleus and in vacuolation, the Letshmania spp in 
man show practically no serviceable morphological! 
differences either by light or electron microscopy. 

The specific names given to Leishmania spp were 
conferred originally in relation to particular clinical 
syndromes, geographical distributions and responses 
to chemotherapy. The following taxonomic arrange- 
ment is derived from a comprehensive review by 
Zuckerman & Lainson (1977). 

Leishmania. donovani complex. These agents of 
VL occur in eastern Asia and in the countries border- 
ing the Sahara on the south (L. donovani), on the 
Mediterranean littoral, the Arabian Gulf, southern 
Russia and north China (L. infantum), and in America 
from Mexico to Argentina (L. chagas1). L. donovani 
infects people of all ages, L. mfantum infects children 
only, and L. chagasi children predominantly. No 
animal hosts are known for L. donovani except in the 
Sudan where wild rodents and smal] carnivores may 
be involved. The animal hosts for L. infantum are 
dogs, and for L. chagast, foxes, dogs and cats. 

Leishmania tropica complex. ‘These agents of CL 
occur in the Mediterranean littoral, the Arabian 
Gulf, southern Russia, Afghanistan and India, and in 
the African desert oases (L. tropica — ‘dry, urban’ 
CL), in southern Russia, in eastern Mediterranean 
countries and in Africa'on the north coast and in the 
countries bordering the Sahara’on its south (1. major 
-- ‘wet, rural’ CL). 

Leishmania mexicana complex. ‘These agents of 
CL occur in the Americas, in Mexico, Belize and 
Guatemala (L. m. mexicana — ‘chiclero’s ulcer’), in 
the Amazon basin and Matto Grosso of Brazil and 
in Trinidad (L. m. amazonensis — limited CL), in the 
Amazon basin and Matto Grosso of Brazil and in 
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Venezuela (L. m. pifanoi — diffuse cutaneous leish- 
maniasis, DCL). The animal hosts are forest rodents 
and marsupials. no 

Leishmania braziliensts complex. ‘These agents of 
CL occur in South America from Venezuela to 
Paraguay (L. b. braztliensis — ‘espundia’ or muco-CL), 
in the Guyanas and north Brazil (L. 6. guyanensis — 
‘pian bois’ CL), in Panama and perhaps adjacent 
countries (L. 6. panamensis — single ulcer CL), and 
in the Peruvian Andes (L. peruviana — ‘uta’ CL). 
The animal hosts are forest rodents, except for 
L. peruviana which infects dogs. 


Visceral leishmaniasis 


Roughly in ascending order of diagnostic sensitivity, 
the tissues to be sarnpled are blood, lymph node* 
(inguinal lymph nodes preferred), bone marrow, 
liver and spleen.* Blood examination is useful only in 
untreated patients but seeding of cultures with the 
buffy layer from a sample of the patient’s centrifuged 
citrated blood is often effective (Belding 1965). 
Failing diagnosis from blood, the other tissues are 
sampled. Bone marrow aspiration, from the iliac 
crest, is free from hazard but is painful. Splenic 
aspiration 1s most sensitive. 

Microscopy. Use thin blood films* or smears of 
the specimen, fixed with methanol and stained with 
Giemsa’s stain as for a thin blood film.* Search for 
Leishmania amastigotes (the Leishman—Donovan or 
LD bodies) (see Fig. 42.1b, at end of chapter). ‘They 
are spherical or oval organisms 2—6 [im in length with 
two internal staining organelles — a larger, spherical, 
paler staining nucleus and a smaller, rod-like, more 
densely staining kinetoplast. Amastigotes occur mainly 
within macrophages but sometimes they appear 


_ free, released from cells disrupted in making the film. 


In intracellular amastigotes the organism’s cytoplasm 
may not be differentiated by the staining from the 
cytoplasm of the surrounding host cell and so each 
amastigote may appear as larger paler staining and 
smaller darker staining dots paired together, 1.e. the 
nucleus and the kinetoplast of each. 

The promastigotes into which the amastigotes 
transform in diphasic culture,* are spindle-shaped 
motile organisms up to c. 20jtm long with a 
single anterior flagellum of about the same length 
(Fig. 42.1b); the promastigotes occur in rosettes or 
clumps. The liquid phase of the medium is sampled 
and examined as a wet mount” for motile organisms, 
and fixed and stained as for a thin blood film* to 
confirm morphology. 


* Refer to Methods at the end of this chapter. 
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Culture. Inoculate the specimen into the liquid 
phase of diphasic blood agar medium.” Incubate at 
21-26°C. This temperature favours the development 
of the organism in the insect vector and amastigotes 
transform to promastigotes in about 24 h. However, 
multiplication of the organisms may be slow and 
promastigote numbers may not reach detectable 
levels for several weeks. Sample the liquid phase of 
the medium every few days and do not discard the 
cultures for at least 3 weeks. Some strains of L. 
donovani are particularly slow to grow. Substitution 
of tissue culture medium (e.g. 199) enriched with 
10% fetal calf serum for the usual liquid phase of the 
diphasic medium, or the use of a monophasic blood 
lysate medium (‘EPLB’), have been recommended 
for such strains (Evans 1978). 

Animal inoculation. Cricetulus barbarensts griseus 
(Chinese hamster) and Mesocricetus auratus (golden 
hamster) are extremely susceptible to Leishmania 
spp and are the animals of choice for diagnostic 
inoculation. Inoculate specimens intraperitoneally. 
Examine spleen‘ impression smears, stained as for 
thin blood films, from the animals if they die, or after 
killing them at 6 months. 

Immunological diagnosis. Serological tests such as 
the Napier formol-gel test (see Lumsden & Sargeaunt 
1975), which are mediated by non-specific changes 
in the immunoglobulin in VL, still have field appli- 
cations (Zuckerman & Lainson 1977). Specific sero- 
logical tests include complement fixation, indirect 
haemagglutination, fluorescent antibody and passive 
cutaneous anaphylaxis but Zuckerman & Lainson 
(1977) comment that antigenic overlapping and group- 
specific cross-reactivity with different Leishmania 
spp and with trypanosomes limit their usefulness; in 
general they are more useful in seroepidemiological 
studies than in individual diagnosis. The delayed 
hypersensitivity skin (DHS) test* (leishmanin or 
Montenegro test) is more useful. In visceral leish- 
maniasis it becomes positive usually only after cure 
of the disease (Zuckerman & Lainson 1977), but see 
below. 


Cutaneous leishmaniasis 


CL is a spectrum of disease states rather than a 
single disease entity, the lesions varying widely 
depending on the cell-mediated response (CMR) of 
the person infected (Zuckerman & Lainson 1977). At 
one end of the spectrum are anergic individuals with 
defective CMR in whom lesions are widespread and 


_ organisms plentiful (diffuse cutaneous leishmaniasis, 


DCL). At the other end are allergic individuals in 
whom antibody production is marked, CMR 1s over- 


—EEE EE 


developed and organisms are very few (leishmaniasis 
recidiva — LR). 

Obtain a tissue sample by puncture of the peri- 
phery of the lesion.* Avoid the centre of the lesion 
where there is bacterial contamination and organisms 
tend to be scarce. Make tissue smears and inoculate 
into cultures as for VL. 

Microscopy. “The recognition of the organism is 
as for VL. Amastigotes generally are plentiful in an 
active lesion but may be scarce in a resolving one, in 
both the cutaneous and mucocutaneous lesions due 
to L. braziliensis in South America, and in LR. 

Culture. As for VL. Most CL species grow readily 
on the diphasic medium* except for some strains of 
L. braziliensis. With these, the same changes in the 
medium as recommended for VL can be used, or the 
substitution of rat for rabbit blood in the solid phase 
(Taylor & Baker 1968). 

Animal inoculation. As for VL except that the 
animals are inoculated intradermally and any cutaneous 
lesions appearing are sampled for microscopy. 

Immunological diagnosis. For the value of non- 
specific and specific antibody tests, see under CL 
above. The delayed hypersensitivity skin (DHS) test 
is typically positive in L. tropica infections, sometimes 
very soon, even only a few days after infection, but 
sometimes only after about 6 months. In patients 
with healed lesions it may remain positive indefi- 
nitely. The test is generally weak or negative in 
patients with New World CL and almost invariably 
negative in DCL (Zuckerman & Lainson 1977). 


Trypanosoma cruzi 


The two trypanosomiases that occur in man differ 
fundamentally and are considered separately. American 
trypanosomiasis (Chagas disease) is caused by 7. 
cruzi, a member of the Section Stercoraria (Hoare 
1972) — those trypanosomes transmitted by infective 
forms occurring in the faeces of the vector insects. 
African trypanosomiasis (sleeping sickness) is caused 
by T. brucei spp gambiense and rhodestense, which 
are members of the Section Salivaria — those 
trypanosomes which are transmitted by infective 
forms injected by the bite of the vector imsects; 
T. brucei is considered in the following section. 
American trypanosomiasis (Chagas disease) is 
widely but sporadically distributed in all the Cen- 
tral and South American states from Mexico to 
Argentina and Chile. It is transmitted by several 
genera (Triatoma, Panstrongylus, Rhodnius, etc.) of 
blood-sucking bugs of the Family Reduviidae (assas- 
sin or kissing bugs). Animals (dogs, cats, armadillos, 
opossums, etc.) may be involved as reservoir hosts 
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but most human infections are probably man-derived 
in poor rural housing infested with the vector bugs. 
A primary lesion often occurs at site of introduction 
of the infective faeces of the insect — an indurated 
inflamed slightly painful oedematous lesion, the 
‘chagoma’, if the infection is via the skin; a unilateral 
bipalpebral oedema if infection is via the conjunctiva. 
. Multiplication of the organism is by repeated 
_ binary fission of amastigotes within the cells of many 
tissues but particularly of MPS system and muscles, 
both cardiac and skeletal. Ultimately, infected cells 
burst and the released amastigotes transform to 
trypomastigotes which are carried by the circulation 
to infect new cells, in which they transform back to 
amastigotes and set up new cycles of multiplication. 
Thus in the early acute stage of dissemination of the 
infection through the host’s body, trypomastigotes 
are often abundant in the peripheral blood; in the 
later chronic stage, multiplication may be at a low 
level so that trypomastigotes may be extremely rare 
in the peripheral blood. Herein lies the main diag- 
nostic difficulty, The trypomastigotes in the blood, 
as well as infecting new host.cells, are also the stages 
infecting the vector bug. The vector bugs ingest large 
volumes of blood, sometimes more than 600 ju, and 
ingested T. cruzi trypomastigote forms easily estab- 
lish in them. This is exploited for diagnostic purposes 
in the chronic stage (xenodiagnosis, see below). 

I. cruzi is classed as a Category 3 pathogen (see 
Ch. 3), not so much because it is a highly infective 
agent -- barring accidents, ordinary laboratory handling 
procedures will avoid infection — but because T. cruzi 
infections are often lethal or seriously damaging, 
and no efficient specific chemotherapy exists. Where 
T. cruzi infection is suspected, therefore, all investi- 
gative procedures in the UK will require to be con- 
ducted under the conditions laid down for Category 
3 pathogens. This will limit investigations to culture 
of specimens on diphasic blood agar medium and 
the examination of fixed stained smears from the 
cultures. 

Specimens. In early stage disease, if a chagoma 
is present, take aspirates of the chagoma tissue* for 
fixing and staining as for a thin blood film; or sections 
of a biopsy of the chagoma. Examine blood, thin and 
thick films,* and lymph node aspirate,* thin films. 

In late stage disease blood specimens may be 
examined as for the early stage of the disease but 
organism numbers are usually extremely low and 
they are very rarely found by direct microscopy. 

Organisms may be concentrated in blood by cen- 
trifugation as follows: heparinize about 10 ml of 
blood; centrifuge minimally so as just to deposit the 
blood cells; take off the supernatant plasma and cen- 
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trifuge it to deposit the trypanosomes; examine the 
second deposit as a wet mount* or fix and stain it as 
for a thin blood film. Alternatively, agglutinate 10 ml 
of blood with phytohaemagglutinin; take off the 
supernate and centrifuge it, and then examine the 
deposit as above. 

Note. The miniature anion-exchange centrifugation 
(MAEC) technique for concentrating trypanosomes 
in blood used for 7. brucei spp is not used with 
T. cruzi because the electric charges carried by the 
blood cells and the organisms are too closely similar. 

Microscopy. In smears made from tissue aspirates 
or biopsies or in biopsy sections, search for nests of 
intracellular amastigotes in host cells — ‘pseudocysts’. 
T. cruzi amastigotes are similar to the amastigotes 
of Leishmania spp, but smaller (about 4 um long), 
and infect many types of cells, particularly cardiac 
and skeletal muscle cells (see Fig. 42.1¢, at end of 
chapter). In the peripheral blood of patients or la- 
boratory animals, T. cruzi occurs-as trypomastigotes 
(Fig. 42.1c), 15-20 um long, often strongly curved, 
C-shaped, with a large kinetoplast which often 
appears to transgress the outline of the organism 
(Fig. 42.1c). In culture and in the faeces of the bugs 
used for xenodiagnosis all developmental stages 
occur — amastigotes, epimastigotes and trypomastigotes 
(Fig. 42.1a). 

Culture. Inoculate specimens into diphasic blood 
agar medium.* Growth maybe slow. Sample the 
liquid overlay by wet mounts and Giemsa-stained 
thin films weekly for 6 weeks, . 

Animal inoculation. Mice, rats, guinea-pigs and 
dogs have been used. Mice are most susceptible 
though in some individuals the infection disappears 
spontaneously (Belding 1965). If no T. cruzi para- 


sitaemia is detected by microscopy after inoculation, 


kill the animals at 6 weeks and examine atrial heart 
muscle sections for intracellular 7. cruz? amastigotes. 
Xenodiagnosts. LLaboratory-bred bugs of the species 
Iriatoma infestans, Panstrongylus megistus or Rhodnius 
prolixus, fed on chickens or pigeons so that they can 
be known to be free from natural trypanosome infec- 
tions, are required. Allow 10-20 3rd or 4th instar 
nymphs to engorge with blood from the suspect 
patient either directly or, more acceptably, from a 
lake of defibrinated blood through a membrane. 
Express the faeces of the bugs into a small drop 
of saline on a slide and examine wet mounts and 
Giemsa-stained thin films weekly from 2-8 weeks 
after the blood meal. Colonies of these reduviid bugs 
are maintained in the UK at the London School of 
Hygiene and Tropical Medicine and the Liverpool 
School of Tropical Medicine (addresses above) and 
the assistance of these institutions may be enlisted. 
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Immunological diagnosis. CF is preferred because 
reactivity usually indicates active clinical disease 
(Kagan & Walls 1981). DA with trypsinized and 
formalin-fixed T. cruzi epimastigotes from cultures 
is also used; the sera may need treatment with 
2-mercaptoethanol to reduce non-specific agglutina- 
tion (Kagan & Walls 1981). 


Trypanosoma rangeli 


This non-pathogenic stercorarian trypanosome must 
be distinguished from TJ. cruzi. It occurs in man in 
Central America and in South America as far south 
as Argentina and Chile. As many as 60% of the 
population may be infected (Belding 1965). It also 
is transmitted by reduviid bugs. It may be found by 
the same kind of examinations as are carried out for 
I. cruzi—in blood films, in diphasic blood agar media 
or in bugs used for xenodiagnosis. Trypomastigotes 
in blood are differentiated from those of T. cruzi by 
being 24-34 tm long, slender with tapering ends 
and with a minute kinetoplast. Hoare (1972) details 
the characters differentiating the two species in each 
context, but in general the kinetoplast in 7. rangeli 
is minute whereas it is large in T. cruzi. 


Trypanosoma brucei 


African sleeping sickness occurs in a band (15°N 
to 15°S} across tropical Africa from Senegal and 
Angola to Kenya, Tanzania, Mozambique and 
Zimbabwe. It exists, broadly, in two forms; the T. 6. 
gambiense form is characteristically slowly progressive 
and lethal only after some years, whereas the 7. d. 
rhodesiense disease is more acute and sometimes 
causes death within a few weeks of infection. 7. brucei 
has also a third ‘subspecies’. 7. b. brucei, which by 
definition does not infect man but infects many 
wild animals, antelopes, etc., and domestic cattle and 
horses. Although some minor morphological differ- 
ences are held to occur between different subspecies, 
these are not sufficient for identification in individ- 
ual infections. This leads to difficulties in defining 
epidemiological transmission patterns, since wild 
animals act also as reservoirs for human-infecting 
subspecies. Objective methods are now becoming 
available, mainly from isoenzyme studies (e.g. Gibson 
et al 1980), for subspecific differentiation. Trans- 
mission is, as far as man is concerned, solely by the 
bite of an infected tsetse fly (Glosstna), in the T. 6. 
gambiense context usually a forest-dwelling species, 
and in the 7° &. rhodesiense context usually a savannah, 
open forest country, species. Sin<e the latter type of 


country is typical of the African game parks, tourists 
visiting these are at particular risk of infection. 

A primary lesion, the trypanosome chancre, at the 
site of the infective tsetse bite is more often noted 
and associated with subsequent pyrexia in the rapidly 
progressive J. 6. rhodesiense disease than in JT. b 
gambiense infections. It is an inflamed indurated 
swelling 5 cm or more in diameter, occurring 7-10 
days after the infecting bite. There is local multi- 
plication of the organisms in the tissue fluids at 
the site of the bite; the blood is soon invaded and 
muluplication, which is by repeated binary fission 
of trypomastigote forms, takes place widely in the 
body, in the blood, lymph and tissue interstitial 
fluid. There is no intracellular phase. Organisms 
are usually abundant in the blood and lymph in the 
early stages of the disease. They are pleomorphic, 
some individual organisms being long, others short 
(Fig. 42.1d, at end of chapter). Later, after CNS 
invasion, Organisms are typically scanty in these 
fluids, but may be found in CSF.* 

Specimens. In early stage disease, aspirate a 
chancre* if present, and related lymph nodes* if 
enlarged. Make wet mounts* and thick and thin 
blood films* for staining with Giemsa’s stain. If al] 
these examinations are negative try the MAEC 
procedure.* 

In late stage disease, examine thick and thin 
blood films repeatedly, on successive days. Try the 
MAEC procedure. Obtain CSF by lumbar puncture 
for cell count and protein estimation and search for 
trypanosomes.* 

Concentration. The MAEC test* is the most 
sensitive (Lumsden et al 1981). Nearly as sensitive 
is the following microhaematocrit buffy coat micro- 
scopy (MBCM) technique. Centrifuge blood samples 
in heparinized capillary tubes in a microhaematocrit 
centrifuge and examine the buffy coat and adjacent 
plasma under the x40 objective through the wall 
of the capillary tube (Woo 1970). Centrifugation and 
microscopy must be done expeditiously, within 20 min, 
as organisms rapidly lose motility and cannot then 
be recognized with confidence (Duvallet et al 1979). 

Ogbunude & Magaji (1982) have proposed a new 
method for detection of low parasitaemias. Samples 
of blood are dispensed into 1.5 ml tapered centrifuge 
tubes containing 500 pl of a silicone fluid (Siliconét; 
Bayer PH300/1000 sp gr 1.075 (-IE 3457)). Centri- 
fugation at 150g for 5min deposits the heavier 
erythrocytes below the silicone leaving a plasma 
fraction above the silicone containing the lighter 
leucocytes and any trypanosomes. The trypanosomes 
can then be searched for in wet mounts.* 

Culture is not used practically as an aid to diagnosis 
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of T. brucei infection as the organism is much more 
difficult to culture than 7. cruzi. 

Animal inoculation. ‘This is usually effective in 
T. b. rhodesiense infections but less useful in T7.- 6. 
gambiense infections which frequently fail to infect 
mice or produce only low parasitaemias difficult 
to detect by microscopy. Inoculate 0.5 ml doses of 
heparinized blood intraperitoneally into several mice 
and examine wet mounts* of tail blood daily from 
3-20 days. 

Microscopy. In wet mounts, in the centrifuge tube 
of the MAEC method, or in the haemocytometer 
cell, 7. brucei can be recognized by its form and 
movement even under the x40 objective. Scan 
Giemsa-stained blood films, uncovered, with the 
x100 oil-immersion objective for trypomastigotes 
(Fig. 42.1d). As regards lymphocytes in CSF, 95% of 
normal adults have counts between 0 and 5.3 cells/u! 
(Diem & Lentner 1970); 30 or more cells/jl is 
indicative of cerebral involvement; the presence of 
morula cells (Fig. 42.1d) is pathognomonic (Wilcocks 
& Manson-Bahr 1972). 

Immunological diagnosis. The serum IgM is 
raised early in the disease (Mattern et al 1967). The 
95% range of total proteins in CSF in normal adults 
is 123-503 mg/litre (Diem & Lentner 1970); CSF 
proteins are raised particularly in the IgM fraction 
if there has been CNS involvement. 

Many specific tests have been developed, some 
particularly for field use. In the laboratory, the 
indirect fluorescent antibody (IFA) test and ELISA 
are most extensively used (de Raadt & Seed 1977). 


Retortamonas, Enteromonas and 
Chilomastix 


One species of each of these three genera inhabits 
the human large intestine, Retortamonas intestinals, 
Enteromonas hominis and Chilomastix mesnilit. Al) 
occur as motile trophozoites and resistant cysts. Chey 
are found mainly in populations where standards 
of hygiene are low. Infection is by ingestion of cysts. 
Although all are considered generally as commensals, 
C. mesnili may be associated with diarrhoea. 

Concentration. ‘These organisms and their cysts 
are not found in concentrates of faecal specimens 
as they are fragile. 

Culture. All the species grow well in Robinson’s 
medium.* Trophozoites are generally seen within 
48 h of inoculation of the specimen. : 

Microscopy. Tables 42.2 and 42.3 and Figure 
42.2a (at end of chapter) indicate the specimens to 
be examined and the microscopical features of the 
trophozoites and cysts of these protozoa. Trophozoites, 
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and occasionally also cysts, of all species may be 
seen in saline mounts of fresh faeces.* ‘Trophozoites 
move rapidly in a jerking fashion. Identification is 
difficult in unstained preparations, requiring micro- 
scopic examinations of iron—haematoxylin-stained 
smears.* Attention should be paid to the position, 
shape and staining characteristics of the nucleus; 
the flagella are rarely seen. 


Giardia 


Giardia lamblia (G. intestinalis) is the only human 
parasite of the genus. The trophozoite inhabits the 
duodenum and jejunum where encystation also 
occurs. Although many infected individuals have no 
symptoms, diarrhoea and steatorrhoea may be pre- 
senting features. The organism is found throughout 
the world and is acquired by drinking water or eating 
food contaminated with cysts. 

Specimens (Table 42.2 at end of chapter). Diar- 
rhoeal stools should be examined for trophozoites 


within 15 min of their passage or, if this is not possi- - 


ble, collected into polyvinyl alcohol (PVA) fixative.* 
Cysts, but not trophozoites, may be found in formed 
stool samples. Microscopic examination of fresh 
jejunal aspirate, and of Giemsa-stained impression 
smears of mucosa and of jejunal secretions are the 
most sensitive procedures. | 

Concentration. For the detection of light infection 
with G. lamblia use the formol-ether concentration 
method”. 


Culture. Trophozoites of G. lamblia in duodenal — 


aspirates have been cultured (Meyer 1976), but only 
rarely. 

Microscopy. The trophozoites of G. lambita in a 
saline mount of diarrhoeal stool* or in jejunal aspi- 
rate, move rapidly in a tumbling fashion. They are 
pear-shaped (10—20 x 5—15 jum), rounded anteriorly, 
pointed posteriorly and convex dorsally (Table 42.3, 
Fig. 42.2a). On the ventral surface is a large concave 
adhesive disc. In stained preparations, e.g. in jejunal! 
mucosal impression smears,* two nuclei with pro- 
minent karyosomes are seen. Each organism pos- 
sesses eight flagella which originate in one midline 
kinetosomal complex; two flagella emerge antero- 
laterally, two ventrally, two posterolaterally and two 
caudally. At the posterior end of the adhesive disc are 
two median bodies, which stain deeply with haema- 
toxylin. In histological sections of jejunal mucosa, 
stained with Giemsa, the trophozoites appear as 
pear- or crescent-shaped structures with two nuclei. 
However, as serial sections must be examined, this is 
laborious; microscopy of a stained impression smear 
is preferred”. 
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G. lamblia cysts, 8-20 {1m in diameter (Table 42.3, 
Fig. 42.2a), may be found in both fluid and formed 
stools. Axonemes of the flagella are seen as a single 
longitudinal fibre extending from one end of the 
cyst to the other. Four nuclei and two crescentic 
structures are visible within cysts stained with iodine. 

Immunological diagnosis. Although serum antibodies 
against G. lamblia may be detected by immuno- 
fluorescence or by ELISA (Ridley & Ridley 1976, 
Smith et al 1981) their clinical significance has yet 
to be determined. The detection of Giardia antigen 
in faeces by an ELISA method using polyclonal 
antibodies (Green et al 1985) has not been widely 
accepted as a diagnostic procedure. 


Trichomonas 


Two of the three trichomonad species found in man 
are harmless commensals, Trichomonas tenax in the 
mouth and Pentatrichomonas hominis in the caecum. 
T. vaginalis js a common cause of vaginitis. Trans- 
mission is sexual but the organism is only rarely 
pathogenic in the male. Diagnosis is by recognition 
of the organism in samples of fluid or in scrapings 
from the genitourinary system. Diagnosis is generally 
easier in the female than in the male in whom 
the organism is typically scanty and difficult to 
demonstrate. ; 

Specimens. In females, specimens are taken from 
the posterior vaginal fornix by means of a sterile 
cotton-wool swab, or preferably, by the polyester 
sponge method,* and from the urethra by a bacterio- 
logical loop or by scraping before the first morning 
micturition. In males, the urethra is sampled with a 
cotton-wool or, preferably, polyester swab (Robertson 
et al 1989). 

If the specimen cannot be examined immediately 
it should be placed in modified Stuart's transport 
medium (Amies 1967, Robertson et al 1989), al- 
though the dilution of the specimen in the transport 
medium inevitably reduces the chance of visualizing 
organisms. The duration of survival of 7. vaginalis in 
transport medium is fairly limited (see Nielsen 1969). 

The organisms die rapidly when dried on a swab 
and an alternative approach is to place the loaded 
swab promptly into a tube of trichomonas culture 
medium, e.g. Oxoid Trichomonas Medium, for 
transport to the laboratory. ‘The medium should 
be supplemented with horse serum, penicillin and 
streptomycin. 

Concentration. The deposit obtained by centri- 
fugation with the polyester sponge method is used 
for microscopy and for inoculation into culture 
medium. The deposit from centrifugation of a large 


volume of the first morning specimen of urine can be 
used in the same way and is particularly useful in 
males, from whom urethral samples are troublesome 
to obtain. 

Culture. Media for the cultivation of T. vaginalts 
basically provide essential salts, nutrients, reducing 
agents and antibiotics to inhibit bacterial growth, 
in the absence, or in low concentrations, of oxygen. 
The variations on these basic requirements are legion 
(Taylor & Baker 1968, Honigberg 1978). Media 
used in the USA commonly include 0.05—-0.1% agar 
to increase viscosity and reduce oxygen diffusion into 
the medium (Honigberg 1978). Oxoid Trichomonas 
Medium is commonly used in the UK. The media 
given below* omit agar for ease of handling; incu- 
bation :should be anaerobic or in closed containers 
filled very nearly full. Two media are given; the 
isotonic medium* is preferred as it is easy to adjust 
to optimum initial pH (6.1-6.4) by altering the 


_ buffer component to compensate for variation in 


other components, notably the liver digest. An indi- 
cator (bromocresol purple) 1s included to save time 
in examination; a colour change to yellow indicates 
cultures in which T. vaginalis is likely to be present. 
Incubate cultures at 37°C for up to 4 days. 

Cultivation is a more sensitive diagnostic method 
than either immediate microscopy of a wet mount 
or of the centrifuged deposit (see Robertson et al 
1969). T. vaginalis infection should not be diag- 
nosed unless the characteristic morphology is clearly 
recognized, 

Microscopy. Phase contrast microscopy of a fresh 
wet mount of the specimen or culture, diluted with a 
minimum of isotonic saline if necessary, is the method 
of choice, but bright-field or darkground microscopy 
are also satisfactory. T. vaginalis (Fig. 42.2b, at end 
of this chapter) is recogmized as an oval, pyriform 
or spindle-shaped organism about 15 pm in length, 
i.e. larger than a neutrophil leucocyte and smaller 
than an epithelial cell. In fresh specimens the organ- 
isms are conspicuously motile, and recognition of 
the anterior tuft of flagella and the lateral undulating 
membrane provides a certain identification. Dead 
and degenerating organisms are difficult to recognize 
with certainty. 

Staining has been advocated by many workers so 
as to recognize non-motile, dead or degenerating 
Trichomonas in specimens. Dried films fixed with 
methanol and stained with Giemsa or Papanicalaou 
(Lillie 1977) stains have been most used. Fixation 
and staining has the advantage that, if immediate 
microscopy is not possible, the slide may be sent 
away for examination. But the examination is la- 
borious and the recognition of the organisms among 
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4 profusion of other staining objects is not easy unless 
organisms are numerous (see Robertson et al 1989). 
Salsdon et al (1979) have recommended Dip-Quick 
(Harleco), haematological stain incorporating 
arylmethane, xanthene and thiazine dyes, for recog- 
nizing 7. vaginalis in dried films of vaginal discharge. 

‘mmunological diagnosis. Local antibodies to T. 
vaginahs have been demonstrated in vaginal exudate 
of infected women by Ackers et al (1975) by 
radioimmune assay. Honigberg (1978) reviewed the 
work on other immunodiagnostic approaches; com- 
plement fixation, agglutination, haemagglutination, 
fluorescent antibody and delayed hypersensitivity 
test results have all been shown to correlate with 
protozoological evidence, though results are-affected 
by the antigenic type of the organisms used in the 
tests. Although these have applications for epidemio- 
logical purposes, for tracing contacts or for following 
treatment, they are not in general use for clinical 
diagnostic purposes. 


Dientamoeba 


Only one species, D. fragilis from the human colon, is 
known. Infection may be associated with diarrhoea. 
Previously grouped with the amoebae, D. fragilis has 
now been shown on ultramicroscopic evidence to be 
most closely related to the trichomonad flagellates. 
Its mode of transmission is unknown but does not 
appear to be directly contaminative and may be via 
the eggs of intestinal nematode worms. 

Concentration. Since trophozoites of this organ- 
ism are fragile and no cysts are known, concentration 
methods are not used. 

Culture. D. fragilis grows readily in Robinson’s 
medium.* 

Microscopy. Diagnostic features are summarized 
in Table 42.3 and Figure 42.2c (see end of chapter). 
Trophozoites are delicate, disintegrating rapidly so 
that they are rarely seen in wet mounts of faeces. 
Movement is by the extrusion of broad, hyaline, 
pseudopodia with serrated margins. In iron—haema- 
toxylin-stained smears,*° two nuclei are usually 
visible, although uninucleated forms are not un- 
common. The nuclei are 2-5um diameter and 
have a large central nucleolus composed of separate 
chromatin granules, but no peripheral chromatin 
(Fig. 42.2c). 
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The following amoebic protozoa (Table 42.1, 
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above) are discussed in the next section: Entamoeba, 
Endolimax, Iodamoeba, Naegleria and Acanthamoeba. 


Entamoeba, Endolimax and lodamoeba 
The amoebae occurring in the human large intestine 
are Entamoeba histolytica, E. coh and E. hartmanni, 
Endolimax nana and Jodamoeba biitschlii. Electron 
microscope studies indicate that Dientamoeba fragilis 
is related more closely to the flagellates than to the 
amoebae (see above). All five species of amoeba 
occur in the large intestine as trophozoites reproduc- 
ing by binary fission and producing resistant cysts 
by which they are transmitted. 

Entamoeba histolytica is the only pathogenic 
amoeba; the others are of importance only in that 
they may be confused with E. histolytica. Infection 
with £. histolytica can produce dysentery, ‘colitis, 
hepatic abscesses and cutaneous lesions; however, 
about 90% of infected individuals have no symptoms. 
Infection, which is cosmopolitan, is usually acquired 
by ingesting water or food contaminated by cysts. 

Specimens to be examined are indicated in Table 
42.2 (at end of chapter). Stool samples should be 
collected in wide-mouthed chemically clean con- 
tainers (Sterilin). For the detection of trophozoites 
the specimen must be examined within 15 min of its 
passage or, if this is not practicable, should be pre- 
served in PVA fixative.* Formed stool specimens up 
to 3 days old can be examined for the presence of cysts. 

Passage of cysts in the faeces is often intermittent 
and at least three consecutive specimens should 
be examined before a diagnosis of amoebiasis is 
excluded. The administration of kaolin, bismuth, 
barium sulphate, antimicrobial and antimalarial drugs, 
liquid paraffin and antidiarrhoeal agents interfere 
with cyst excretion. In patients with dysentery, 
rectal exudate and material from the bases of rectal 
ulcers should be sampled.* Histological sections of 
rectal mucosa and any overlying exudate should be 
stained with phosphotungstic acid haematoxylin or 
trichrome stain.* ; 

Pus aspirated from a hepatic abscess, which has 
the appearance of anchovy sauce, should be exam- 
ined for trophozoites. Serological tests are of value 
in the diagnosis of this complication (see below). 

Concentration. As the number of cysts in a stool 
sample may be small, the routine use of the formol-— 
ether concentration method” is recommended. 

Culture. Various media have been used for 
cultivation of E. histolytica. A polyxenic culture 
medium is useful in diagnosis. For routine purposes, 
Robinson’s medium* has proved valuable. Serum, 
Escherichia coh (whose growth is held in check by 
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erythromycin) and starch are included to provide 
nutrients and growth factors. Trophozoites of E. 
histolytica usually appear in large numbers within 
48 h of inoculation. 

The non-pathogenic amoebae, with the excep- 
tion of J. biitschiti also grow in the medium but are 
distinguished from E. fustolytica by their appearance 
in iodine- or trichrome-stained preparations. Giardia 
lamblia does not grow in Robinson’s medium but 
Retortamonas intestinalis, Chilomastix mesmii and 
Enteromonas hominis do. Dientamoeba fragilis grows 
in Robinson’s medium but the trophozoites are 
difficult to identify. 

Microscopy. Table 42.4 and Figure 42.2d (see end 
of chapter) summarize the microscopic features of 
the trophozoites and cysts of the amoebae from 
which E. /tstolytica must be differentiated, 

A saline mount* of fresh diarrhoeal stool, rectal 
exudate or material from a rectal ulcer should be 
examined for the presence of active trophozoites; 
the use of a warm microscope stage facilitates this 
but is not essential. The trophozoites of FE. histolyijca 
(usually 15-25 um in diameter) move unidirectionally 
by pushing out finger-like hyaline pseudopodia 
(lobopodia). The nucleus is not visible but ingested 
erythrocytes may be seen. Differentiation from non- 
pathogenic amoebae is of paramount importance. 
Although a tentative diagnosis of F. histolytica infec- 
tion can be made if trophozoites with these charac- 
teristics are seen, definitive diagnosis rests with 
microscopic examinations of a trichrome- or iron- 
haematoxylin-stained faecal smear.* 

The features diagnostic of vegetative E. histolytica 
in stained smears are: (1) trophozoites, 15 um in 
diameter; (2) ingested erythrocytes (-. coh rarely 
ingests erythrocytes); and (3) single nucleus (3—5 iim 


‘ in diameter) with a small central endosome and a 


finely beaded ring of peripheral chromatin. However, 


there is considerable variation in nuclear morpho- ‘ 


logy, especially in organisms trom cultures. More. 
than one nucleus may occur. 

In rectal biopsies* from patients with acute intes- 
tinal amoebic colitis, trophozoites of E. hrzstolytica 
may be seen commonly within the exudate overlying 
the rectal mucosa, less frequently in the necrotic 
tissue at the base of rectal ulcers or within the lamina 
propria (Prathap & Gilman 1970). Histological 
examination of skin or cervical and vaginal biopsy 
material from patients with cutaneous, vaginal or 


cervical amoebiasis may show amoebae within necrotic. 


tissue. 

Cysts of E. /ustolytica may be found in both 
diarrhoeal and formed stool samples and must be 
distinguished from the cysts of the non-pathogenic 


amoebae (Table 42.4, Fig. 42.2d). Important fea- 
tures of the iodine-stained cysts are: (1) size — 
E. histolytica cysts are spherical and 10-20 1m in 
diameter; (2) number of nuclei — E. histolytica has 
usually four but less mature cysts have only one or 
two nuclei; (3) chromatoidal bodies — E. hustolytica 
may have one or more densely staining bars with 
blunt ends; and (4) young cysts sometimes have an 
ill-defined glycogen vacuole which stains red-brown 
with iodine. . 

Immunological diagnosis. Antibodies reactive with 
E. histolytica may be demonstrated by immuno- 
fluorescence in the sera of some patients with amoe- 
biasis (Jeanes 1969). Antibodies are found at a titre 
of = 64 in the sera of over 95% of individuals with 
extra-intestinal disease, but only in 75% of patients 
with acute amoebic colitis. Sera from asymptomatic 
carriers do not contain antibodies at these titres. 
Thus the test is of value in the diagnosis of extra- 
intestinal disease. The efficacy of treatment of extra- 
intestinal amoebiasis can be assessed by examination 
of the patient’s serum at monthly intervals; usually, 
the antibody titre falls rapidly, within 2—6 months of 
therapy (Ambroise-Thomas & Kien Truong 1972). 
In assessment of prevalence of invasive amoebiasis 
on an epidemiological scale, an ELISA test has 
proved useful (Bos et al 1980). 


Naegleria and Acanthamoeba 


These amoebae, which are normally free-living, 
occasionally appear as opportunist parasites of man 
(see Cerva 1981). Naegleria fowleri is the cause of 
meningoencephalitis usually associated with a history 
of intranasal contamination with natural water, e.g. 
during swimming. Invasion of the CNS 1s believed 
to be via the ethmoid cribriform plate and the olfac- 
tory tract (primary amoebic meningoencephalitis — 
PAM). Some 80 cases have been reported (Griffin 
1978). The course of the disease is rapid, usually 
Jeading to death within a week of exposure. 
Acanthamoeba spp have been reported, as well as 
from the CNS, from corneal ulcers, the genitourinary 
tract and many other sites (Cerva 1981). It may. be 
that Acanthamoeba ‘is sometimes commensal in the 
nasopharynx as it is not infrequently found con- 
taminating tissue cultures used for virus isolation 
from nasal swabs (Griffin 1978). Naegleria meningo- 
encephalitis typically occurs in healthy active per- 
sons, and Acanthamoeba infection in the debilitated 
or immunologically compromised. Corneal infection 
with Acanthamoeba may occur in healthy persons 
who wear contact lenses that are contaminated with 
the organism. 
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Microscopy. Examine fresh wet films of the 
CSF. Naegleria, about 10 jum long, are distinguished 
from other cells in the purulent CSF by being 
slowly motile, 1-2 cell lengths/min, by means of 
broad pseudopodia alternating from side to side 
(Fig. 42.le, at end of chapter). Acanthamoeba (20- 
50 um) has not been clearly recognized in direct 
specimens from systemic human disease but shows 
spiky pseodopodia in culture. 7 

Stain thin films of the CSF with iron—haematoxylin.* 
Both species have round nuclei with a single large 
central nucleolus (Fig. 42.le). Make films from 
other sites, e.g. corneal ulcers, and stain similarly. In 
these sites Acanthamoeba may be in the cyst form, 
spherical, about 11 tm in diameter with a scalloped 
wall (Fig. 42.1e). 

Culture. Media incorporating killed Aerobacter 
aerogenes and antibiotics for the isolation and mainte- 
nance of these amoebae are described by Taylor & 
Baker (1968). 


SPOROZOA 


The following protozoa, classified as sporozoa (Table 
42.1, above), are discussed in the next section: 
Isospora, Cryptosporidium, Sarcocystis, Toxoplasma, 
Plasmodium, Babesia and Microsporndium. Pneumocystis 
is also conveniently included in this group although 
its taxonomic position is uncertain. 


Isospora, Cryptosporidium and 
Sarcocystis 


The species infecting man are: Jsospora belli, Crypto- 
spondium spp, Sarcocystus hominis, S. suthominis and 
S. iindemann. All are essential parasites of the epi- 
thelial cells of the gut of mammals. Ingested sporo- 


zoites penetrate the host cells, and develop into 


schizonts. The schizonts produce merozoites which, 
after rupture of the host cell, penetrate other host 
cells setting up new generations of schizonts. After a 
set number of generations a sexual cycle occurs; the 
merozoites grow to micro- and macro-gametes and 
the fertilized macrogametes (zygotes) develop to 
oocysts which are shed into the intestinal Jumen on 
rupture of the host epithelial cell. In the faeces the 
oocysts are generally immature (‘unsporulated’); 
they develop (‘sporulate’) outside the host to con- 
tain sporocysts, each containing sporozoites. The 
numbers of sporocysts and of sporozoites contained 
in each are characteristic of the genera. Jsospora and 
Sarcocystis have oocysts containing two sporocysts, 
each with four sporozoites; Cryptosporidium oocysts 
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contain four sporozoites not grouped in sporocysts. 
Sporozoites from ingested sporulated oocysts begin 
the cycle in a new host. Transmission of J. belli 
is direct (homoxenous) with only ane host species 
involved, infection being initiated by ingestion of 
sporozoites. In Sarcocystis spp more than one host 
species is involved (heteroxenous). The intermediate 
hosts, herbivores, ingest sporozoites and a general- 
ized infection occurs with encystment of the parasite 
in muscle and other tissues. The definitive hosts 
are infected by eating intermediate host tissues ‘con- 
taining cysts. Man is the definitive host of S. hominis 
and suthominis, the intermediate hosts being cattle 
and pigs, respectively. Very rarely, man is the inter- 
mediate host of S. lindemanni,' cysts occurring in 
muscle; the definitive host 1s not known but may be 
a carnivore predatory on monkeys. The life cycle 
of Cryptosporidium is incompletely understood. For 
recent extensive reviews of these coccidia see Dubey 
(1977) and Tadros & Laarman (1982). 

I. belli, S. suthominis and Cryptosporidium spp are 
the infections encountered most frequently in man. 
Infection may be associated with a self-lumiung 
diarrhoea; more severe intestinal disease (explosive 
diarrhoea) may be caused in immunocompromised 
individuals (Meisel et al 1976). 

Specimens. Faeces for concentration by Sheather’s 
sucrose flotation method;* faecal smears for staining 
with carbol fuchsin* or safranin O;* biopsies of 
jejunal and rectal mucosa for sectioning and staining 
with Giemsa (J. belli and Cryptosporidium spp); 
biopsies of muscle (S. Andemannz). 

Microscopy. Oocyst features are given in Table 
42.5 (see end of chapter); oocysts do not stain 
with iodine (cf. yeasts). J. belli schizonts, merozoites 
and gametocytes are illustrated in photomicro- 
graphs by Brandborg et al (1970) and in electron- 
micrographs by Trier et al (1974). Oocysts of 
Cryptospondium stained by the modified Ziehl— 
Neelsen method* appear as bright red ova! struc- 
tures, sometimes containing a deeply stained dot. 
Safranin-stained oocysts are bright orange, often sur- 
rounded by a clear halo. Cryptospondium spp appear 
as ovoid or spherical particles (2—3 j1m in diameter), 
staining densely with Giemsa, in the epithelial cells 
of duodenal, jejunal, ileal, colonic and rectal biopsies. 
Although in fact intracellular, the particles appear 
to be attached to the epithelial cells of the villi and 
crypts. Photomicrographs and electronmicrographs 
of Cryptosporidium are given by Bird & Smith (1980). 
S. indemanni cysts occur in muscle cells; they are 
up to 5mm long and contain hundreds of rounded, 
oval or sickle-shaped zoites, 12-16 x 4-9.um 
(Fig. 42.1f); for illustrations see Jeffrey (1974). 
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Oocysts of non-human coccidia, ingested with 
food, may pass through the intestine undigested and 
be found in the faeces, e.g. Etmeria sardinae (Fig. 42.2f) 
of herrings, sardines, etc. and Eimeria stiedae of the 
rabbit. These oocysts require to be differentiated 
from those of the coccidia actually infecting man. 


Toxoplasma 


The definitive hosts of Toxoplasma gondii are cats 
which are infected by imgesting oocysts in feline 
faeces or by ingesting tachyzoites (trophozoites) or 
cysts in the tissues of intermediate hosts. Domestic 
animals may be infected with cysts and man can then 
be infected: (1) by ingesting oocysts in food con- 
taminated with cat faeces, (2) by eating raw meat 
from animals which have cysts of T. gondii in their 
tissues, acquired by ingesting food contaminated 
with cat faeces, (3) transplacentally, from acutely 
or chronically infected mothers or by accidental 
inoculation of tachyzoites. Infection, as indicated by 
serological results, is widespread but clinical effects 
are largely confined to situations of low immuno- 
competence — immunological immaturity or inhi- 
bition in fetuses, or immunosuppressive therapy in 
adults. Toxoplasma is a common opportunist infec- 
tion in patients with the Acquired Immune Defi- 
ciency Syndrome (AIDS). Transplacental infection 
may Cause neurological disease — epileptic seizures, 
choroidoretinitis, hydrocephalus and intracerebral 
calcification, In adults the commonest presentation 
is lymphadenopathy; encephalitis and generalized 
dissemination of infection occur in immuno- 
compromised subjects. 

Animal inoculation. T. gondii has been isolated 
from a variety of tissues, secretions or biopsies 
by inoculation. Specimens, most conveniently lymph 
node aspirate, CSF or tissue biopsy, are inoculated 
intraperitoneally and intracerebrally into mice. 
Examine the peritoneal exudate after 6—10 days; or 
make brain impression smears from moribund mice. 

Microscopy. Search sections of biopsies for cysts 
200-1000 1m in diameter, packed with many 
tachyzoites.* The cysts stain best with Giemsa.* 
Search smears of peritoneal exudate from inoculated 
animals after 6-10 days for T. gondii tachyzoites 
(Dubey 1977), crescent-shaped, 6-7 x 2-4\1m 
(Fig. 42.1f, at end of chapter). Fluid specimens 
such as heparinized blood or CSF should be centri- 
fuged at 2000r.p.m. for 10 min and the sediment 
smeared on a slide and allowed to dry prior to fixing 
in methanol. 

Immunodiagnoss, Serological tests are widely 
used. The methylene blue dye (MBD) test of Sabin 


& Feldman (1948) is sensitive and specific but in- 
volves risks associated with the use of live organisms. 
The indirect immunofluorescence (IF) test (Frenkel 
1971) is simpler, agrees with MBD test results and 
so is preferred (Kagan & Walls 1981). The ELISA 
method gives results parallel to indirect IF tests 
(Kagan & Walls 1981) and has advantages. ELISA 
tests are easy and require no special equipment. 
Detection of IgM by ELISA or the more sensitive 
Immunosorbent Agglutination (ISAGA) test may be 
helpful in the diagnosis of congenital or primary Toxo- 
plasma infection. Both of these tests are commercially 
available (e.g. Toxo M, Abbott; Captia M, Ortho), 

In the diagnosis of acute toxoplasmosis, paired sera 
taken 14 days apart must be examined to determine 
if a significant (at least 4-fold) rise in antibody titre 
has occurred. An IgM-IFA test has been used in 
the diagnosis of congenital toxoplasmosis in babies 
(Remington 1969). The presence of specific IgM 
antibodies in the baby’s serum indicates active 
infection. 

Antigen detection. Circulating antigen was first 
reported in 1977 by Van Knapen & Panggabean. 
Generally, antigen detection techniques appear to 
lack sensitivity and to be available on a research basis 
only. Increasing application of the polymerase chain 
reaction for the detection of Toxoplasma DNA is 
being made. Several systems are currently available 
using Bl (Burg et al 1988) and P30 (Savva et al 
1990) systems; preliminary testing has achieved 
acceptable specificity but not sensitivity. 


Plasmodium 


Four species of Plasmodium, P. vtvax, P. malariae, 
P. ovale and P. falciparum, cause malaria. Malaria 
is distributed as a natural infection of man in both 
the Old and the New Worlds between 40°N and 
30°S latitudes. Man-infecting species are naturally 
transmitted by Anopheles mosquitoes (Diptera, 
Nematocera). Bizarre transmission sometimes occurs, 
by blood transfusion or by contaminated syringes, 
€.g. among drug addicts. Although certain plasmodial 
infections in the higher apes are closely similar 
to those of man, and may indeed once have been 
transmitted to or from him, transmission is now quite 
predominantly intra-human and no significant wild 
animal reservoir is involved. Plasmodium spp occur 
in man as asexually reproducing organisms in the 
parenchyma cells of the liver (pre-erythrocytic cycle), 
and in erythrocytes as asexually reproducing and as 
gamete-producing organisms, the latter preparatory 
to a sexual cycle which takes place in Anopheles. 
The liver stages are inaccessible and so diagnosis 
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by microscopy depends on the finding of organisms 
of the asexual cycle or of the pre-sexual «cycle 
(gametocytes) in films of the diaaiaiaae blood cas able 
42.6, at end of chapter). 

Methods for the diagnosis of tnabacts have. re- 
cently been reviewed internationally (WHO 1988) 
and by Makler & Gibbins (1991). These reviews 
agree that light microscopy of thick and thin blood 
films, stained with Romanowsky stains — Giemsa’s 
or Leishman’s — continues to be the most rapid and 
accurate method for the diagnosis of clinical infec- 
tion, and also for epidemiological studies and for 
malaria control. It can detect infected erythrocytes at 
the level of only 1-in-500 000 and is also the cheapest 


method, costing only about US$ 0.30 per exami- 


nation. The principles of microscopy in this context 
are considered in detail by Payne (1988). 

Rapid, accurate, identification of the infection, 
and of the Plasmodium species involved, is parti- 
cularly important in the clinical field, so that those 
responsible for treatment may be immediately 
informed and appropriate specific chemotherapy 
begun. P. falciparum may cause a highly lethal infec- 
tion and so must be quickly recognized and treated. 
Malaria must always be kept in mind for febmile 
patients who have travelled abroad. Slides are most 
likely to reveal parasites if taken during a pyrexial 
wave before any chemotherapy. If only early 
trophozoites (‘rings’, Table 42.6) are found, slides 
made after a lapse of some hours may show later 
stages to assist diagnosis, but it is to be emphasized 
that, as the schizogony of P. falciparum occurs practi- 
cally entirely i in the capillaries of internal viscera, 
films of peripheral blood may show only ring forms, 
except in terminal cases. Films should be examined 
‘on at leastithree separate occasions before malaria 
is éxcluded as a diagnosis. Recently, some 10-20 
fatalities have occurred yearly in the United Kingdom 
from unrecognized P. falciparum infection. 

In the epidemiological field, accurate diagnosis 
is also important in order to avoid malaria-specific 
drug treatment being applied indiscriminately for 
‘fevers’; this practice favours the selection in nature 
of malaria organisms resistant to the synthetic 
antimalarial drugs, particularly chloroquine, so 
necessitating treatment with other more expensive 
and less-well-tolerated compounds. 

Microscopy. Identification of malaria parasites in 
Giemsa-stained blood films is by examination with 
the X100 oil-immersion objective, but the films can 
be scanned either with a x50 oil-immersion objec- 
tive or, after covering the film with a thin layer of 
immersion oi], with the x40 dry objective. Malaria 
parasites are recognized as bodies staining red 
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(nuclear material) and blue (cytoplasm), with black 
or brown pigment granules in later developmental 
stages, which occur within the erythrocytes. ‘They are 
identified specifically on_the_basis of morphological 
differences in the organism and by the changes 
induced in the host cell. Table 42.6 summarizes 
microscopical features and Fig. 42.1 g-i shows some 
representative forms. The various stages, their char- 
acters and the cell changes induced have been pro- 
fusely illustrated in many books (Belding 1965, 
Garnham 1966, Shute & Maryon 1966). Most im- 
portant is the recognition of P. falciparum (Fig. 42.11) 
for which the chief diagnostic characters in blood 
films (Garnham 1966) are 


1. Occurrence of ring forms alone or along with 
crescentic gametocytes. 

2. Common occurrence of multiple infections of 
single erythrocytes with also accolé forms and rings 
with double chromatin dots. 

3. Presence of Maurer’s clefts in erythrocytes 
containing large rings. 


Many details of morphology cannot be seen in 
thick films. Thus, both thick and thin films* should 
be made so that if parasites are seen in the thick film 


they may be more critically studied in the thin film. . 


Multiple infections with more than one Plasmodium 
sp at the same time are not uncommon. 

Other diagnostic methods, These are described 
in WHO (1988) and in Makler & Gibbins (1991), 
which present detailed overviews and assessments 
of many proposed approaches: DNA- or enzyme- 
labelled probes, radioimmunoassay, indirect fluores- 
cent antibody, indirect haemagglutination (IHA), 
enzyme-linked immunosorbent assay (ELISA), flow 
cytometric analysis, centrifugal, biochemical and 
nucleic acid diagnosis, etc. They provide references 
for any laboratory wishing to follow up a particular 
approach. In general, all these methods require 
skilled specialists and expensive instrumentation and 
materials. Their applications are mainly in epidemio- 
logical studies. Some of the methods may, however, 
be susceptible to automation, so avoiding the need 
for skilled microscopists. 

Drug sensitivity. Resistance of -P. falciparum to 
4-aminoquinoline drugs is widespread in SE Asia 
and in South America. A technique, based on esuma- 
tion of the drug concentration inhibiting schizont 
maturation in vitro is available. to estimate drug 
sensitivity (Rieckmann et al 1978). 


Babesia 


Babesia spp are common parasites of a wide range 
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of mammals. They are important causes of disease 
in cattle and dogs, and are transmitted by ixodid 
ticks. Human infections, characterized by fever, 
jaundice and sometimes myalgia, have been reported 
(Ristic & Lewis 1977). In most of these there was a 
history of exposure to tick-infested environments. 
Subclinical infections may apparently pass unnoticed. 
The infection may be dangerous in immunologically 
compromised individuals; three deaths have occurred, 
all in splenectomized subjects. 

In thin blood films stained with Giemsa, the 
orgatiisms are round, oval or pyriform bodies 1—4 1m 
long, occurring singly or in multiples of two within 
red cells (Fig. 42.1), at end of chapter), They may 
resemble P. falciparum rings but pigment is not 
formed. 

For animal inoculation, use hamsters, CF, IFA 
and IHA tests are considered to have been critically 
evaluated for the serological diagnosis of Babesia 
infection (Mahoney 1977). 


Microsporidea 


Microsporidea are small oval obligate-intracellular 
eukaryotic parasites that lack mitochondria and 
have ribosomes that resemble those of bacteria in 
subunit size. Spores of all species contain a coiled 
polar tubule used to penetrate intact cells and inject 
infective agent (sporoplasm). 

Five genera of Microsporidea have been reported 
in humans: Nosema, Encephalitozoon, Pleistophora, 
Microsporidium and Enterocytozoon. ‘The first three 
genera appear to cause human disease only rarely. 
Encephalitozoon cuniculi and Encephalitozoon hellemi 
however have been associated with granulomatous 
hepatitis and keratitis, respectively, in patients with 
AIDS (Terada et al 1987, Didier et al 1991) and 
Pleistophora sp has been described as a cause of 
myositis in another HIV infected individual (Ledford 
et al 1985). Microsporidium sp and Nosema sp (corneum 
and ocularum) may cause keratoconjunctivitis in 
such patients (Davis et al 1990, Cali et al 1991). The 
genus Enterocytozoon has only one recognized species 
~ E. bieneusi. This has only been found in HIV- 
infected individuals and is a cause of diarrhoea 
in up to a third of patients with AIDS (Eeftinck 
Schattenkerk et al 1991). Cholangitis may also be 
an important feature of Enterocytozoon infection in 
HIV-infected individuals (Pol et-al 1993), 

The life cycles of the different genera of Micro- 
sporidea are similar and exemplified here by E. 
bieneusi. This is a parasite of the epithelial cells of 
the small intestine. Transmission of infection is still 
uncertain but is probably via the faecal-oral route; 


Protozoa 42 


the spores of all microsporidial species are extremely 
resistant to the effects of temperature and dehydra- 
tion and are capable of survival outside host cells for 
some considerable time. In the infected enterocyte, 
there is a proliferative (merogonic) and sporogeny 
phase in the parasite life cycle, with the ultimate 
production of spores. These spores are passed into 
the Juminal contents when the epithelial cells desqua- 
mate and can be a source of reinfection of orher 
enterocytes or of infection of a new host (Cali & 
Owen 1988). The coiled polar tube is extruded to 
form a hollow tube through which the sporoplasm 
is inoculated into the enterocyte. Human infection 
with other species of Microsporidea may result from 
direct contact with other humans or animals. 


Specimens 
For the detection of Enterocytozoon bieneusi: 


1. Duodenal and jejunal biopsies for (a) paraffin 
wax or glycol methacrylate resin embedding for 
light microscopy after fixation in 10% v/v formalin, 
(b) electron microscopy after fixation in 3% glutaral- 
dehyde in 0.1 M cacodylate buffer pH 7.3, (c) prepa- 
ration of impression smears for Giemsa or modified 
trichrome staining after fixation in methanol for 
5 min, alae 

2. Duodenal aspirates for trichrome staining. 

3. Faeces for modified trichrome staining. 


For the detection of Nosema sp and Encephalitozvon 
cunicul in patients with keratoconjunctivitis, con- 
junctival biopsy or scrapes for staining by Giemsa’s 
method. 

For the detection of renal infection with micro- 
sporidia, urine should be centrifuged at 1500 g for 
10 min, the pellet washed in water, recentrifuged 
and suspended in a small volume of fluid. Smear 
10 ul onto a slide and dry. Fix in methanol for 
5 min, then stain by Giemsa’s method. 

Microscopy. In haematoxylin and eosin-stained 
sections of paraffin wax embedded duodenal or 
jejunal biopsies cut at 2-5 lium, the meront stage of 
Enterocytozoon bieneusi is seen within enterocytes as 
a weakly basophilic structure 3-5 [im in diameter, 
often with a clear line through it. In later stages of 
the meront phase of the life cycle, several nuclei and 
more clear lines are found. The sporont is seen as a 
structure 3-8 um in diameter with multiple nuclei. 


_Refractile spores 2—3 um in diameter are seen be- 


tween the enterocyte nucleus and the luminal surface 
of the celi (Peacock et al 1991). In faecal smears, 
stained by the modified trichrome method, the spores 
are ovoid, refractile structures 1.5 x 0.9 tm in size, 
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the wall staining bright pinkish red; in some spores, 
a similarly stained streak girds the spore diagonally 
or equatorially. Similar appearances are found in 
other fluids and tissue sections with other species of 
Microsporidea, and for definitive diagnosis, electron 
microscopy is essential (Cali & Owen 1988). 


Cyclospora | 

A species of the genus Cyclospora (previously known 
as coccidian-like or cyanobacterium-like bodies) 
has been identified in the faeces of both immuno- 
competent and immunodeficient individuals with 
chronic but eventually self-limiting diarrhoea. ‘The 
life cycle of the organism and its epidemiology remain 
to be elucidated but preliminary data suggest that 
it is a water-borne infection. 

Specimens. Faeces for concentration by formalin— 
ether sedimentation or Sheather’s sugar flotation 
method; faecal smears for staining with carbol 
fuchsin; centrifuged jejunal aspirates for direct light 
microscopy. 

Microscopy. In faecal smears stained by the 
modified Ziehl-Neelsen method, the organisms 
appear as spherical cysts 8-10 tm in diameter with 
a variably mottled red appearance. In unstained 
preparations of faeces or jejunal aspirate, the oocysts 
appear as spherical cysts containing a central refrac- 
tile morula-like structure composed of a cluster of 
globules; the morula itself is enclosed within a cell 
membrane. These cysts fluoresce blue when examined 
in ultraviolet Jight. 


Pneumocystis 


Pneumocystis carinii is widely associated with latent 
infections in man. Pathogenic infections occur mainly 
in immunocompromised subjects — in debilitated 
infants, in adults with malignant disease, following 
organ transplantation or treatment with immuno- 
suppressive drugs. Pneumocystis infection is a major 
problem in AIDS. Symptomatic infections are 
characterized by insidious consolidation of the lungs 
which can be very extensive, the alveoli being filled 
with inflammatory cells (chiefly plasma cells) and 
Pneumocystis organisms. Smulian & Walzer (1992) 
review the biology of P. carinti and Smith & Bartlett 
(1991) provide a critical discussion of laboratory 
diagnosis based on the identification of the organism 
in respiratory samples. 

Specimens. The organism may be demonstrated 
in sputum obtained by inhalation of saline (induced 
sputum), bronchial washings and in impression 
smears from lung tissue. Open Jung biopsy. 1s 
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traumatic and only considered if transbronchoscopic 
biopsy fails. 

Culture. Although single reports have claimed 
culture of the organism, this has not yet been 
satisfactorily achieved. | ne 

Animal inoculation. Since many laboratory animals 
harbour latent infections of P. carintt which are 
revealed by immunological suppression, e.g. by 
treatment with cortisone, animal inoculation is not 
used for diagnosis. 

Microscopy. Pneumocystis carinii is not seen in 
haematoxylin/eosin-stained lung. Cysts are stained 
by Toluidine Blue O or by silver methenamine. They 
are 10-12 jim in diameter and, with silver staining, 
thick black cyst walls are seen (Fig. 42.2g). Search 
foamy patches in alveoli for organisms. Trophozoites 
are smaller (1—5 [sm), pleomorphic and not seen with 
silver staining. Giemsa is necessary to demonstrate 
trophozoites and the internal structure of the cyst 
which encloses two to eight sporozoites. Care must 
be taken to distinguish yeasts and fungi which pro- 
duce similar appearances with silver stains. Immuno- 
fluorescent stains are now widely available. These 
provide specific staining of the cysts (Detectif; Shield) 
and specific staining of the cysts and trophozoites 
(Pneumocystis carinii Immunofluorescence ‘Test Kut; 
Genetic Systems). Fluorescently-stained specimens 
have the advantage of being able to be viewed at 
lower magnifications but require experienced ob- 
servers and the inclusion of positive and negative 
controls. Sensitivity appears to be better than with 
histochemical stains (Kovacs et al 1988). 

Immunodiagnosis. Antibodies against P. carmn 
may be demonstrated by IFA tests (Meuwissen et al 
1977) in sera from patients with P. carina pneumonia 
and also in sera from normal control subjects. The 
antibody titres tend to be higher in the former 
group (Shepherd et al 1979) but serological tests 
have no reliable place in the immunocompromised. 


CILIATES 





The only ciliate protozoon of medical importance 
is Balantidium, discussed below. 


Balantidium 


Balantidium coli is a common parasite of pigs, from 
which infections of man are believed to be derived. 
It is most prevalent in man when association with 
pigs is close, in South and Central America, SW 


Asia and some Pacific islands, particularly in New 
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Guinea, where 20% of the human population may 
be infected. It occurs in the caecum and colon and 
produces acute diarrhoea with ulceration and tissue 
penetration similar to that caused by Entamoeba 
histolytica. Transmission is by resistant cysts. For a 
review see Zaman (1978). 

Specimens. Faecal samples as for E. histolytica. 

Culture. B. coli grows well in Robinson’s medium.* 

Microscopy. Trophozoites are 30-300 x 30- 
100 um (Fig. 42.2h, at end of chapter) and are active 
ciliated organisms with a funnel-shaped depression 
(peristome, cytostome, cytopharynx) at the anterior 
end-for ingestion of food material. Internally they 
have two contractile vacuoles, food vacuoles; tr- 
chrome staining shows a kidney-shaped macro- 
nucleus with a spherical micronucleus enclosed in 
its concavity. Cysts (Fig. 42.2h) are spherical or 
ovoid, 40-60 um in length with a thick hyaline wall. 


METHODS FOR TISSUE AND BLOOD 
PROTOZOA | 


Tissue aspirates 


Lymph node 


1. Massage the enlarged node with the finger and 
thumb of the left hand. 

2. Insert a hypodermic needie through the ethanol- 
swabbed skin into the substance of the node and 
continue massage. 

3. Withdraw the needle, attach a dry air-filled syringe 
and gently blow out the needle contents on to slide. 

4. Apply a cover-slip and examine immediately as 
a wet film under the x40 objective. 

5. After examination as a wet film, remove the 
cover-slip and fix and stain as for a thin blood film. 


Tissue 


1. Puncture the lesion with a dry hypodermic needle 
and syringe maintaining negative pressure by with- 
drawing the piston. Move the needie-point back and 
forwards in the lesion. 

2 Release the negative pressure just before 
withdrawing the needle. 

3. Detach the syringe, draw a few mi of air into it, 
reattach it and blow out the contents of the needle on 
to a slide or into culture medium. 


Spleen 


Splenic aspiration is acceptably safe providing: (a) 


the spleen is palpable at least 3cm below the costal 
margin on expiration (for smaller spleens or when the 
spleen is impalpable, use lymph node aspiration), (b) 
the procedure is quick, and (c) the entry and withdrawal 
track of the needle are identical,.so as to avoid tearing 
the splenic capsule. After splenic puncture, pulse and 
blood pressure should be closely watched for 12 h with 
the patient in bed. 


1. Have ready: microscope slides; tubes of culture 
medium (at room temperature); 5mi syringe; 32 x 
0.9 mm needle; ethanol! 75%; swabs. 

2. Mark the outline of the spleen on the skin; swab 
area with 75% ethanol; allow to dry. 

3. Push the needle (syringe attached) through the 
skin 2—4 cm below the costal margin and in the middle 
of the marked area. Aim the needle upwards at about 
45° to the abdominal wall. 

4. Retract the syringe piston to about iml and 
then, continuously maintaining that suction, quickly 
push the needle into the spleen for its full length and 
then withdraw it completely. 

5. Pull the syringe piston back slowly, to 2-3 ml, 
insert the needle into the tube of culture medium and 
expel the needie contents vigorousty on to the walls of 
the tube; repeat with a second tube of culture medium. 

6. Make smears by spreading the material remain- 
ing on the needle tip, on the syringe nozzle or on 
the end of the syringe piston. Allow to dry; fix.and stain 
as for a thin blood film. 


Wet mounts for tissue or blood protozoa 


1. Place a drop of the suspension to be examined, 
diluted with isotonic NaCl if it is too concentrated, on 
a slide and cover it immediately with a large cover-slip 
(18 x 18 or 22 x 22 mm). 

2. Scan with the x10 objective and change to the 
x40 or x100 objective to examine suspicious struc- 
tures, e.g. motile organisms in blood. 


The mount should be thin enough for things in it 
io present more-or-less in a single layer and for the 
cover-slip to be stable, not floating on a deep layer 
of suspension. For most examinations the above- 
described wet mount is sufficient. If examination is ex- 
pected to be very prolonged, seal the cover-slip along 
its four sides with molten paraffin wax or petroleum jelly. 


Blood films 


Use new slides 75 x 25mm, freed from grease by 
washing in 70% ethanol, and dried with a non-fraying 
grease-free cloth or towel. Two types of film are used. 
Thin films are spread on the slide in a layer mostly 
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one-cell’ thick, so offering the best conditions for 
microscopy of cells and of blood-inhabiting protozoa. 
Thick films are spread in layers several cells thick, 
so that larger volumes of blood can be searched, 
accepting inferior visualization of the organisms found. 
Blood is most conveniently obtained by puncturing 
the bulb of the third finger with a disposable lancet 
(Steriseal). Films are best stained face-downwards 
(Fig. 42.3b) to minimize adventitious deposit on the 
film. Thin and thick films should be made on separate 
slides to avoid inadvertent fixing of the thick film. 


Thin film (Fig. 42.3a) 


1. Place a drop of blood about 1.5 mm in diameter 

in the middle of a slide towards one end. 

2. Immediately apply the end of another slide at 
an angle of about 45° to the first slide so that the drop 
of blood is in the re-entrant angle. 

3. Draw the end of the second slide ‘backwards’ 
to contact the blood drop and allow a second or so till 
the blood drop is seen to spread along most of the 
line of contact of the second slide on the first. 

4. Push the second slide ‘forwards’ along the first 
in a continuous movement, thereby pulling the blood 
out in a band along the slide. Ideally the film should 
be across the middle of the slide, should not extend 
to the edges of the slide, and should run out at its end 
in a fringe of ‘tails’. If a drop of blood is too large the 
amount used for making the film can be reduced by 
lifting the applying slide and immediately reapplying 
it slightly further along the slide, separated from the 
first application. 

5. Allow the film to dry. 

6. Fix the dry film by placing the slide film upwards, 
and flooding it with absolute methanol with a Pasteur 
pipette; leave for 30 seconds; pour off the methanol, 
drain the slide on a paper towel and set it up on edge 
in a rack to dry. It is better to fix in this way rather than 
by immersion of the whole slide in methanol in a jar; 
methanol in a jar, unless set up afresh each day, may 
not be absolute and may contain debris which can 
attach to the film. 

7. Place the slides to be stained face downwards 
on the staining tray (Fig. 42.3b) abutting edge to edge. 

8. Using a 20 ml plastic syringe with a 38 x 0.9 mm 
needle, draw in Giemsa’'s stain to a measured amount, 
say 0.5 ml. Draw in diluent (distilled.water, or preferably 
isotonic NaC! buffered to pH 7.2~7.4) to 10 ml. With- 
draw the syringe piston a little further to introduce an 
air bubble. Mix the stain by inverting the syringe several 
times. 

9. Fill the space below the slides with the diluted 
stain from the syringe and needle. 
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10. Stain for 30-60 min; pick off the slides singly, 
flush off the stain quickly with distilled water from a 
wash bottle, drain on a paper towel and place in a 
rack to dry. 

11. Flush off stain remaining on the tray under a 
water tap and dry. Do not allow stain to dry on the tray. 


Thick film 

1. Place a drop of blood about 3 mm in diameter in 
the middle of a slide and spread it with the corner of 
another slide to cover an area about 10 mm diameter. 

2. Dry the film rapidly by waving the slide in air. 

3. Do not fix. The method depends on the leaching 
out of the haemoglobin in the erythrocytes, so that the 
erythrocytes stain minimally and remain transparent, 
thus allowing .stained organisms lying deep in the 
thick layer of blood cells to be seen. The leaching out 
takes place at the next stage when the haemoglobin 
dissolves in the watery solution of stain at the same 
time as staining goes on. 

4. Stain exactly as for thin films (steps 7-11 above). 


It is important to make the film the optimum thick- 
ness. Over-thick films have too many leucocytes in 
the fields for easy microscopy and over-thin films take 
little advantage of the facility for searching a larger 
quantity of blood. At optimum thickness small print is 
just readable through the unstained film placed over 
it. Thick films may not adhere to the slide if stained 
immediately after drying. They are best left at 37°C 
overnight. If immediate staining and examination is 
required, place the slides at 60°C for 5 min. 


Miniature anion-exchange/centrifugation 
(MAEC) method for diagnosis of 
Trypanosoma brucei parasitaemia 
(Lumsden et al 1979, 1981) 


This method was developed for mass surveys of rural 
populations in the tropics. It uses small quantities of 
blood (c. 250 1!) procured with heparinized capillaries 
from finger punctures. In principle, sensitivity could 
be increased by the use of larger volumes of blood, 
columns, etc. 


Materials (Fig. 42.3c) 


Plastic syringe barrels (2 ml), washed in detergent, 
distilled water and dried. 

Cellulose sponge plugs to fit syringe barrels, 14 mm 
diameter, cut with cork borer from domestic sponge 
(Spontex). . 

Reservoirs and centrifuge tubes are made from 
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150 mm glass Pasteur pipettes. Fit the reservoirs with 
perforated syringe pistons. Draw the centrifuge tubes 
so that the terminal lumen is about 200 um in diameter 
and the terminal bead small. Insert the terminal part 
of the centrifuge tube into suitably sized automatic 
pipette tips for protection. 

Phosphate-buffered saline with glucose (PBSG: 
Lanham & Godfrey 1970) prepared as follows: 


NaCl 2.1259 
NaH,PO,.2H,0 0.39 g 
NasHPO, (anhydrous) 6.74g 
Water to 1 titre 


Glucose (added just before use) 1% wiv 


DEAE cellulose (Whatman DE52) equilibrated in the 
above PBSG. 
Viewing chambers. 


Method 


1. Set up the washed syringe barrels nozzle down- 
wards (‘Terry’ clips of suitable size screwed to a vertical! 
board are convenient). 

2. Insert cellulose plugs in the syringe barrels and 
push down to the bottom to act as a base for the 
column. 

3. Shake up the equilibrated DEAE cellulose and 
pour it quickly into the syringe barrels so as to fill 
therm almost full. Allow to drain, dry and refill the syringe 
barrel with PBSG, twice. 

4. Discharge the heparinized blood sample (c. 250 1!) 
on to the top of the DEAE cellulose and allow it to 
drain in. 

5. Deliver about four drops of PBSG on to the top 
of the cellulose and immediately plug in and fill the 
reservotr. 

6. Leave until all the PBSG has passed through to 
the centrifuge tube. 

7. Centrifuge the eluate-containing tube at about 
500 g for 10 min. 

8. Examine the fine tip of the centrifuge tube in 
the viewing chamber (Fig. 42.3c) by microscope (x40 
objective). 


The lumen of the fine tip of the centrifuge tube should 
be about 20011m in diameter and trypanosomes if 
present are easily visualized and recognized by their 
morphology and movement under the x40 objective. 


Examination of CSF for Trypanosoma 
brucei 


CSF should be examined within 30 min of its with- 
drawal. 


1. Fill the haemocytometer chamber (improved 
Neubauer) with the CSF. Aliow to settle for 5 min and 
count the leucocytes in the ruled area (x40 objective). 
95% of adults have less than 5.3 leucocytes/ul (Diem 
& Lentner 1970). Wilcocks & Manson-Bahr (1972) 
gave 30 leucocytes/! as the practical threshold for 
indicating trypanosomal infection. 

2..While counting leucocytes be alert, focusing 
up-and-down, for motile trypanosomes. 

3. Centrifuge the CSF at 1000 g for 5 min; examine 
the deposit as a wet mount for motile trypanosomes 
(x40 objective); remove cover-slip, make a thin film 
of the deposit, fix and stain as for thin blood film. 
Examine for morula cells (‘Mott’ cells — degenerating 
plasma cells with morula inclusions; see Fig. 42.1d). 

4. Estimate total protein and IgM in the supernate 
of the CSF. 


Diphasic medium for cultivation of 
Leishmania and Trypanosoma cruzi 


All the innumerable varieties of diphasic (blood agar 
and overlay) media for the cultivation of Kinetoplastida 
have been based on the original NNN medium evolved 
by Novy & McNeal (1904) and Nicolle (1908) (see 
Taylor & Baker 1968). Many of the modifications, 
however, have been for particular research purposes 
and the following is a formula commonly used for 
diagnostic work (Evans 1978). 


1. Dissolve 40 g Blood Agar Base No. 2 (Oxoid) in 1 
litre of distilled water. Dispense 5 ml quantities while 
molten into screw-capped 30m! (universal) bottles 
and autoclave. 

2. Allow to cool to about 45°C, and add aseptically 
1 ml fresh rabbit biood; put bottles at a slope to cool 
so that the agar sets in a slant. 

3, Add aseptically to each bottle 1 ml of sterile 
Locke's solution (containing: NaCl, 8.0; KCl, 0.2: 
CaCl, 0.2; KH2PO,, 0.3; and glucose, 2.5 g/litre). 
For possibly bacterially contaminated inocula add to 
this solution penicillin (200 iu/ml) and streptomycin 
(2 g/ml). 


For ease of handling, the blood component of the 
medium can be citrated, or it may be defibrinated 
(Taylor & Baker 1968), and it is inactivated at 56°C 
for 30 min. The blood should be fresh, i.e. stored for 
not longer than 7 days at 4°C. Mostly rabbit blood is 
used, but blood of other species can be substituted; 
in descending order of suitability Taylor & Baker (1968) 
cite man, rabbit, guinea-pig, horse, sheep. 

To check the sterility of the blood agar slopes, incu- 
bate them at 37°C for 24h, discarding any showing 
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growth; add the liquid phase to the culture at east 
24 h before inoculating the specimen. 
Since the danger of bacterial or fungal contamination 


is greatest at the primary inoculation, it is a good pre- 


caution to have the primary culture media put up in 
screw-capped bottles with centrally perforated rubber- 
wadded caps, so that the culture can be inoculated 
with the needle through the cap without opening the 
bottle (Lumsden et al 1973). 


Delayed hypersensitivity skin (DHS) test 
for Leishmania infection (Montenegro or 
jleishmanin test) 


1. Harvest promastigotes of any Leishmania sp from 


the diphasic blood agar medium in which they are 
grown. 

2. Wash the promastigotes by repeated centrifuga- 
tion and resuspension four times in buffered isotonic 
salts solution. 

3. Resuspend in 0.5% phenol saline and adjust the 
suspension with the same solution to the desired 
concentration: 100 000 000/ml is recommended for VL 
and American CL; 100/m! for Old World CL (Wilcocks 
& Manson-Bahr 1972). 

4. Inject 0.2 ml of the suspension intradermally and 
read the test at 48-72 h. A positive test is an-area of 
erythema and induration 5mm in diameter or larger 
which heals (or sometimes ulcerates) in 14-25 days 
(Belding 1965, Wilcocks & Manson-Bahr 1972). 
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METHODS FOR HOLLOW VISCUS 
PROTOZOA 


Wet mounts for examination of faeces 


1. Collect about 5mg of faeces on the tip of a 
wooden applicator stick and mix in a drop (0.05 ml) of 
saline (8.5 g NaCl/litre of water) on a microscope slide. 

2. Cover with a cover-slip. The suspension should 
not be so thick that it appears opaque when viewed 
against a white background. Scan with a low power 
objective and then a high power (x40) lens to examine 
suspect objects. 

3. Stain with iodine prepared as follows: 


Potassium iodide ig 
lodine 1.59 
Distilled water 100 ml 


Place a drop of the solution at one edge of the 
cover-slip and draw it into the wet mount by placing a 
piece of filter paper against the opposite edge. 


740 


Preserving faeces in PVA fixative for 
later microscopy 


Polyvinyl alcohol (PVA) fixative (Brooke & Goldman 
1949): ‘e 


Mercuric chloride saturated 


solution in water: 95% ethanol (2:1) 93.5 ml 
Glycerol 1.5 ml 
Glacial acetic acid 5 ml 
Polyvinyl alcohol (Sigma type l] low MW) 5g 


Add the PVA with continuous stirring to the rest of 
the ingredients heated slowly (to about 75°C); when 
water-clear, dispense in about 5 ml quantities to wide- 
mouthed, screw-capped containers; these will remain 
effective for 6 months stored at room temperatures. 


1. With an applicator stick, mix about 1 ml of 
faeces into the 5 ml of PVA fixative in the container; 
this preparation will remain satisfactory for microscopy 
for several months. 

2. Pipette a little of the suspension on to a clean 
paper towel. 

3. After a few min, when most of the fluid has been 
absorbed, use an applicator stick to make smears on 
slides from the specimen 

4. Dry the smears overnight at 37°C. 

5. Stain the smears with iron-haematoxylin (see 
below), entering the process at stage 3 by placing the 
slides in iodine/ethanol. | 


Preparation of faecal smears for staining 


1. Charge the distal 2cm of a wooden applicator 
stick with faeces; deposit some on the distal 2 cm of a 
slide by rotating the stick held flat. Spread the sample 
as evenly as possible along the slide using the middie 
section of tive stick in the same way (Fig. 42.3q). 

2. Fix immediately in Schaudinn’s fluid; leave in 
fixative 30 min. Schaudinn’s fluid is prepared as follows: 


Mercuric chloride, saturated 


solution in water (c. 70 g/litre) 40 ml 
Ethanol, absolute 20 mi 
Acetic acid, glacial (added 

immediately before use) 3m 


Staining faecal smears with iron—haematoxylin 
Process the film, fixed in Schaudinn’s fluid, as follows: 


1. Ethanol 50%, 5 min. 

2. Ethanol 70%, 5 min. 

3. Solution of iodine in 70% ethano! (deep brown 
colour), 5 min. 

4,.. Ethanol 70% (two changes), 10 min each. 
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5. Ethanol 50%, 5 min. 

6. Ethanol 30%, 5 min. 

7. Distilled water (two changes), 5 min each. 

8. Mordant solution, 4 h (ferric ammonium sulphate, 
4% wiv solution in distilled water; freshly prepared). 

9. Rinse in distilled water. 

10. Stain with the following stain, 4 h (Haematoxylin 
5% wiv in absolute ethanol, 10 ml; distilled water, 
100 ml. This solution requires to be ripened for 1 month 
before use by being left in a clear glass stoppered 
bottle exposed to sunlight). 

11. Distilled water, 2 min. 

12. Differentiate in 1% ferric ammonium sulphate, 
repeatedly checking differentiation by microscopy and 
stopping differentiation, when sufficient, by washing 
in distilled water. 

13. Dehydrate in ascending concentrations of 
ethanol, clear in xylene, and mount in DPX. 


Staining faecal smears with trichrome stain 


Use faecal smears fixed in Schaudinn’s fixative as 
above for at least 30 min. Then treat as follows: 


1. Ethanol 70%, 5 min. 

2. Ethano! 70% with iodine (deep brown colour), 
5 min. 

3. Ethanol 70%, twice, 5 min each. 

4. Stain with Wheatley’s rapid light green stain 
(1951), 30 min. 


Chromotrope 2R 0.6g 
Light green SF 0.39 
12-tungstophosphoric acid 0.79 
Acetic acid (glacial) 1m 
Distilled water 100 mi 


Add the acetic acid to the mixture of dry stains; after 
30 min, add the distilled water. 

5. Rinse in 90% ethanol with 1% glacial acetic acid 
(v/v), 3 seconds. 

6. Rinse in 100% ethanol. 

7. Ethanol 100% (two changes), 5 min each. 

8. Xylene (two changes), 3 min each. 

9. Mount in DPX. 


Staining faecal smears or duodenal aspirates with 
a iodified trichrome stain (Weber et ai 1992) 


Make a suspension of liquid stoo! or duodenal aspirate 
in 10% (v/v) formalin in a 1:3 ratio; spread a 104! 
aliquot over an area of about 1 cm* on a clean micro- 
scope slide and allow to dry. Fix for 5 min in methanol 
and proceed as follows: 


i. Stain in modified trichrome stain, 90 min: 


Chromotrope 2A 6.0g 
Fast green FCF 0.159 
{2-tungstophosphoric acid 0.7g 
Acetic acid (glacial) 3 mi 
Distilled water 100 mi 


Add the acetic acid to the mixture of dry stains; 
after 30 min add the distilled water. 
2. Rinse in acid alcohol, 10 seconds: 


Ethanol 90% 995.5 ml 
Acetic acid (glacial) 4.5 ml 


Rinse briefly: ethanol 95%, 3 seconds. 
Ethano! 95%, 5 min. 

Ethanol 100%, 5 min. 

Xylene (two changes), 3 min each. 
Mount in DPX. 
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Staining faecal smears by modified 
Ziehl-Neelsen (Henriksen & Pohlenz 1981) 


Prepare faecal smears as above and air dry for 5 min. 
Place in the staining rack of a flat type Coplin staining 
jar containing a wad of cotton-wool saturated in for- 
malin (40% formaldehyde) and incubate at 37°C for 
20 min. Then proceed as follows: 


1. Flood slides on staining rack with cold carbo! 


fuchsin (Ziehl—Neelsen), 5 min. 


2. Rinse in tap water. 

3. Flood slides with 10% (v/v) H,SO, until dye 
ceases to pour out of smear, about 30 seconds. 

4. Rinse in tap water. 

5. Stain in aqueous malachite green (5% w/v), 3 min. 

6. Rinse in tap water and blot dry with filter paper. 


Staining faecal smears with safranin O 
(Baxby & Blundell 1983) 


Prepare faecal smears as above and fix for 3-5 min 
in 3% (v/v) HCI in methanol contained in a Coplin jar. 
Air dry and proceed as follows: 


1. Flood slide supported in a staining rack with 
aqueous safranin O (1% w/v) and heat until steam rises 
from the surface of the stain. 

2. Rinse in tap water. 

3. Counterstain in aqueous methylene blue (1% w/v), 
30 seconds. 

4. Rinse in tap water and blot dry with filter paper. 


Robinson’s medium for cultivation of 
intestinal amoebae 


Robinson (1968) described a very sensitive method 
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for the culture of Entamoeba histolytica. \t involves 
a defined medium for growing Escherichia coli, the 
bacteria then being the substrate for the growth of 
~amoebae; saline agar slopes; and various solutions, 
either inhibitory or nutrient, which are added in different 
combinations during amoebic growth. The preparation 
of the requirements for this method is described here. 


Concentrated stock for growing Escherichia coli 
is prepared as follows: 


NaCl 1259 
Citric acid , C.gH,O7.H20 50 g 
KH.PO, 12.5g 
(NH,)2SO, 25g 
MgSO,.7H,0 | 1.25q 
Lactic acid BDH 90.08% 100 m! 
Water . 2.5 litre 


This can be kept without sterilization. It should be 
more than 4 weeks old to avoid change of pH on 
autoclaving. 


Prepare medium diluted for use as follows: 


Concentrated stock 100 ml 
NaOH, 40% in water 7.5 ml 
Bromothymol! blue, 0.04% 2.5 ml 
Water 890 ml 


Adjust to pH 7.0, dispense in 25ml volumes in 
screw-capped 100 ml medical flat bottles and autoclave 
at 121°C for 20 min. 


For use, Escherichia coli strain B is inoculated - 


into the medium; the bottle is then incubated in the 
horizontal position at 37°C for 2 days. This medium can 
be stored at room temperature for 2 months. 


Saline agar slopes 


NaCl 7g 
Agar 15g 
Water 1 litre 


Dissolve, distribute in 2.5 ml aliquots in 7 ml screw- 
capped bottles, autoclave at 121°C for 15min and 
allow to set as slopes. The concentration of agar may 
require to be increased to 2.5%, depending upon its 


quality. 


Erythromycin solution (0.5%) 


Erythromycin base 0.5g 
Ethanol, 70% in water 2.5 ml 
Water, sterile 97.5 ml 


Suspend the erythromycin in the ethanol in a sterile 
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vessel, allow to stand for 2h, add the water and store 
at 4°C. 


Phthalate solution, 0.5 mol/litre 
Potassium phthalate, 


C.gH, (COOK)~ 204g 
NaOH, 40% in water 100 ml 
Water 1.9 litre 


Dissolve the salt in the liquids, adjust the pH to 
6.3, distribute in 1 ml aliquots and autoclave at 121°C 
for 10min. For use, add 9mI sterile water to give 
0.05 mol/litre phthalate at pH 6.5. 

Sheep serum. Serum from the slaughter house, 
cleared with paper pulp on a filter, is sterilized by filtra- 
tion, heated at 56°C on 3 successive days and stored 
at 4°C. Horse, rabbit, ox or human serum can replace 
sheep serum. 

Bactopeptone solution (20%). This brand of 
peptone must be used. 


Bactopeptone (Difco) 209g 
Water 100 ml 


Dissolve the peptone and autoclave in a flask at 
121°C for 20 min. 
Rice starch powder (BDb). 


Method 
About 50mg of faeces is added by wire loop to a 


saline agar culture bottle, which receives at the same 


time four drops (0.12 ml) of 0.5% erythromycin and 
10 mg of starch (judged by eye on a knife blade). Basal 
amoebic medium (Escherichia coli culture prepared 
as above) ‘s added to fill two-thirds of the bottle. After 
incubating at 37°C for 24 h, the supernate is pipetted 
off and replaced by a mixture of 25% basal medium, 
25% serum and 50% phthalate solution to the same 
level. Two drops (0.06 ml) of 20% bactopeptone, two 
drops (0.06 ml) of 0.5% erythromycin and more starch 
are added. The culture is again incubated at 37°C. 
After 24 h, drops of the culture sediment are exam- 
ined microscopically in double-strength Lugol's iodine. 
The culture should be re-examined after a further 48 h 
incubation. The presence of Entamoeba histolytica 
is suggested in the first place by the abundance and 
rapidity of its growth. It is distinguished from Endolimax 
nana and Entamoeba hartmanni by being larger; 
with these smailer species a change from the x20 to 
the x40 objective is necessary to observe detail. E. coli 
is distinguished from E. histolytica by being less often 
bunched, being larger, more rounded and more ‘glassy’ 
and staining deep red with iodine. The distinctive 
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nuclear pattern of Dientamoeba fragilis is shown by 
iron-haematoxylin staining. An eye-piece scale is 
essential for reading these cultures. 


Formol—ether method for the 
concentration of flagellate and amoebic 
cysts in faeces (Ridley & Hawgood 1956) 


The method (modified) is as follows: 


’ 1. With a wooden spatula mix about 5g of faeces 
with 10 ml of 10% (v/v) formalin (4% formaldehyde). 

2. Strain the suspension through a single layer 
cotton gauze swab (Vemaid, Vernon-Carus) into a 
conical centrifuge tube. : 

3. Add about 3 ml of diethyl ether and shake the 
tube vigorously about 50 times to extract fat from the 
sample. (Note. Diethyl either is highly inflammable and 
over a period of months of storage forms explosive 
peroxides. Garcia & Shimizu (1981) found ethyl acetate 
a satisfactory alternative). 

4, Centrifuge at 600 g for 1 min. 

5. With a wooden applicator stick loosen the fatty 
plug at the interface and discard it and the liquid 
contents of the tube into disinfectant. 

6. With a Pasteur pipette mix the sediment with a 
few drops of iodine solution; make a wet mount of the 
mixture; cover and examine with the x40 objective. 


Concentration of eimerian coccidian 
cysts from faeces by Sheather’s sucrose 
flotation method (Sheather 1923) 


1. Use a wooden applicator stick to mix about 14 
of stool with 5 ml isotonic saline. 

2. Filter the suspension through three layers of 
cotton gauze swab to give 2 ml in a conical centrifuge 
tube. 

3, Add 8ml sucrose solution (sucrose, 500qQ; 
phenol, 6.5 g; water, 320 ml). 

4. Fill tube up to its rim with sucrose solution. 

5. Place a 22 x 22 mm cover-slip on the top of the 
tube, contacting the contained fluid. 

6. Centrifuge at 600 gfor 15 min. — 

7. Pick off cover-slip and apply it to a slide for 
microscopical examination. 


Examination of impression smears of 
jejunal mucosa (Ament 1972) 

1, Remove the tissue from the biopsy capsule and 
place it on the tip of a gloved finger. 

2. Use a blunt probe to arrange the biopsy so that 
the cut surface rests on the finger. 


eee e_eee—e 


3. Wipe the mucosal surface successively with two 
slides; let these dry for 60 min. 

4. Fixin methanol (30 min), and then stain in Giemsa 
stain as for thin blood films. 


Examination of rectal ulcer biopsies for 
Entamoeba histolytica 


1. Sample the tissue at the base of the ulcer with 
rectal biopsy forceps. 

2. Remove the sample from the forceps with a 
needie and smear it on a slide. 

3. Fix immediately in Schaudinn’s solution and 
stain with iron haematoxylin (see above). 


Polyester sponge method for 
Trichomonas vaginalis 
(Robertson et al 1969) 


-~Clinicians are supplied with 10 x 10.x 40 mm pieces 


of polyester sponge (Campbell Brushes) in 7 ml plastic 
containers (129A bijou; Sierilin). Use Hartman's 
‘crocodile’ oral forceps to withdraw the piece of 
sponge from the container and insert it into the poste- 
rior vaginal fornix; after 5 seconds, return it to the 
container which is then closed and sent to the 
laboratory. 


1. Add 1 ml isotonic NaCl or buffered isotonic salts 
solution (pH 5.8) to the container and compress 
the sponge in the liquid several times with a wooden 
applicator stick. 

2. Attach to the container a Hemming’s filter, flat 
side, with washer but without filter pad; attach an 
empty recipient container to the flanged side of the filter 
{no washer). 

3. Invert the assembly and centrifuge at 700 g for 
5 min. 

4. Remove and discard the upper sponge-containing 
container and Hemming's filter into disinfectant; take 
up the deposit from the centrifugate with a sterile 
Pasteur pipette and use it to prepare wet mounts 
and for inoculation into culture medium for anaerobic 
incubation. 


Modified CPLM medium for Trichomonas 
vaginalis 


Johnson & Trussell (1943) recommended CPLM 
(cysteine-peptone-liver infusion-mattose) medium and 
the following modification of it (Dr K. Smith, personal 
communication) has been found satisfactory. Agar 
has been omitted from this modification because it 
complicates handling of the medium and of cultures 
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in it. Methylene blue is omitted also. Phosphate as 
such is not added because there is sufficient of it in 
other ingredients. 

This medium supports growth from ‘a single proto- 
zoon under strictly anaerobic conditions. Under aerobic 
conditions, massive inocula are required. T. vaginalis 
is an anaerobe and contains no catalase. 


Basal medium 
Peptone 32g 
Maltose 1.69 
Liver digest (Panmede, Paines & Byrne) 209 
Cysteine hydrochloride 24g 
Ringer's solution, 4 strength 1 litre 
NaOH, 1 mol/litre c. 9ml 


The brand of peptone is not important. Panmede 
ox liver digest can be replaced by 32% of any brand 
of liver infusion made according to the manufacturer's 
instructions. Cysteine is not essential when cultures are 
incubated anaerobically but it assists the maintenance 
of anaerobiosis. 

Dissolve the ingredients by shaking. Adjust the pH 
to 6.0 with NaOH, steam at 100°C for 30min and 
filter off the fine grey precipitate with Whatman’s No. 1 
or Coarse paper. Bottle in 90 ml lots and autoclave 
at 115°C for 10 min. This medium keeps for several 
weeks. 


Penicillin streptomycin solution 


Penicillin 0.06 g 
Streptomycin 0.1g 
Sterile water 10 ml 


Dissolve the antibiotics with sterile precautions. 
The solution contains 6 x 10° yg penicillin and 104 yg 
Streptomycin/ml. It will keep up to 10 days in the 
refrigerator. 


Nystatin solution 
5 x 10% units 
10 ml 


Suspend the antibiotic in the water. The suspension 
contains 5 x 10° units/ml. It keeps in the refrigerator 
below 10°C but is rapidly destroyed at 37°C. 


Nystatin 
Sterile water 


Preparation of complete medium 


Basal medium 90 ml 
Sterile inactivated horse serum 10 ml 
Penicillin streptomycin solution i ml 
Nystatin solution 1m 
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For use, add the serum and the antibiotics to the 
basal medium, and distribute in suitable quantities 
with sterile precautions. Serum from human, calf, ox, 
sheep or rabbit may be used. The addition of antibiotics 
is unnecessary for routine subcultures but is essential 
for clinical diagnostic cultures and for isolating axenic 
cultures. Nystatin can be omitted unless yeast or fungal 
contaminants are suspected. 


isotonic Trichomonas medium 


All the major constituents of this medium (Lumsden 
et al 1966) are prepared as solutions that are nearly 
isotonic with blood plasma. This makes the medium 
flexible and easily modified if differences, such as-in 
pH, are desired. 


Salts solution 


NaCl, 0.154 mol/litre 1 litre 
KCl, 0.154 mol/litre 40 ml 
MgCly, 0.103 mol/litre 30 ml 
CaCl, 0.103 molflitre 10 ml 


Dissolve and autoclave in a flask at 121°C for 30 min. 
Store at 4°C. 


Buffer solution pH 7.4 
NaH,PO,, 0.154 mol/litre 13.6 ml 
NasHPO,, 0.103 mol/litre 86.4 mi 
Bromocresol purple 15mg 


Dissolve the indicator in the buffer and autoclave 
in a flask at 121°C for 20 min. Store at 4°C. 


Antibiotic solutions 
Benzylpenicillin (Glaxo): 0.6 g dissolved in 5 mi sterile 
salts solution. 

Streptomycin sulphate (Glaxo): 0.5g dissolved in 
2.5 ml sterile salts solution. 


Preparation of complete medium 


Liver digest (Oxoid), 4% solution 300 mi 
Glucose, 5% solution 100 ml 
Salts solution 392.5 ml 
Buffer solution 100 ml 


Benzylpenicillin solution 5 ml 


Streptomycin sulphate solution 2.5 ml 
Calf serum (Oxoid) 100 ml 
Sodium thioglycollate (BDH) 1g 


Mix the ingredients at room temperature. The final 
oH is 6.1-6.4. Sterilize by filtration and distribute to 
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sterile bottles in amounts that nearly fill them (6 ml to 
bijou bottles, 15 ml to % oz round bottles). Medium can 
be stored at 4°C for 2 weeks, or longer at —20°C. 


Silver methenamine stain for __ 
Pneumocystis (Mahan & Sale 19278) 


Preparation of stain 


1. Add 2 ml of silver nitrate solution in water (1% w/v) 
to 40 mi of hexamethylenetetramine (methenamine) 
solution in water (3% w/v). 

2. Add 3 ml solution of sodium borate (Na,B,O07.10H,O) 
in water (5% w/v). 

3. Make up with water to 80 ml. 

4. Heat until solution is deep golden brown 
immediately before use. 


Method 
Paraffin wax sections of biopsies are treated as follows: 





" Table:42.2 Specimens for the al 





Organism Specimen(s) required 


| Ee 


Entamoeba histolytica Faeces 
Rectal exudate 


Rectal biopsy 


Liver abscess aspirate . 


Chilomastix mesnili Faeces 


Giardia lamblia Faeces | 
Jejunal aspirate 
Jajunal impression smear 


Jejunal biopsy 


Sarcocystis spp Faeces 

Muscle biopsy ~ ~ “ 
Cryptosporidium spp Faeces 

Jejunal or rectal biopsy 
Microsporidea Faeces 


Jejunal aspirate or biopsy 
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Comments 


Material from base of rectal ulcers 


Blood for serological examination 


Jejunal biopsy 

Blood for serological examination 
Dientamoeba fragilis Faeces 
Balantidium coli Faeces 

Rectal biopsy 
Isospora belli Faeces 


For meront and sporont stages 





* Diarrhoeal stools should be examined within 15 min of passing or preserved in PVA fixative (see Methods). 


1. Xylene, 3 min. 
2. Ethanol 75%, 50%, 25% in distilled water, 5 min 


each. 


3. Chromium trioxide in water (10% w/v), 1 min. 
4. Tap water, cold, 5 seconds. 
5. Sodium metabisulphite solution in water (10% w/v), 


1 min. 


6. Tap water, hot (c. 56°C), 1 min. 
7. Silver methenamine stain, until sections are 


golden brown, about 2 min. 


8. Rinse in hot tap water. 

9. Rinse in coid tap water. 

10.° Rinse in distilled water. 

11. Gold chloride solution in water (1% w/v), 10 


seconds. 


12. Rinse in distilled water. 

13. Sodium thiosulphate in water (5% w/v), 3 min. 
14. Tap water, cold, 10 min. 

15. Haematoxylin/eosin, stain lightly. 

16. Dehydrate, clear in xylene, mount in DPX. 
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Preparation of wet mounts and fixation of smears should be 
immediate* : | 


Trophozoites occasionally seen in histological sections | 


Limited value (see text) 

As for E. histolytica 

Microscopic examination of these specimens is the most 
sensitive method for diagnosis 

Trophozoites may be seen in histological preparations 

Limited value (see text) 

As for E. histolytica 

As for E. histolytica 

For oocysts 

For schizogony stages 


For oocysts 
For cysts of S. dindemanni 


For oocysts 
For schizogony stages 


For spores 
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Character | Endolimax nana lodamoeba : batschlll 
hartmanni 
Trophozoites , , ) 
Size (um) 15-50 15-50 1 5-12. 6-18: | ST Hi Ow 
{usually 15-20) (usually 20-25) {usually 8-10) (usually 8-1 0) . (usually 12-15) 
Nucleus — af a) eae ay 
~. Peripheral Fine granules, “Clumped, uievoniy: Similarto Absent. © at Absent . 
chromatin beaded arranged on — ~~ E. histolytica. ~ pi" tee 
| | “be “membrane or as - Racecar 
--solid ring with | 
wh oe a dead Des no clumps the, ET ei Be, Shera pelt 
Endosome ‘Small, central Large, often Small, compact, Large, irregular, igs founded, 
eccentric often central. - usually central. surrounded by 
PE ees ray 3 ME ah roe ae achromatic granules 
Cytoplasm a ) baat Pingel 6 : 
Appearance Granular, ectoplasm Granular, no Fine granular Granular, | Coarse 
| ' and endoplasm differentiation into | — vacuolated granular, vacuolated 
clearly differentiated | ecto- and endoplasm . : , 
Inclusions ~ Bacteria, often Bacteria, debris Bacteria Bacteria ' Bacteria, debris 
~ also erythrocytes 
Size (um) 10-20 — 10-30 5-9 5-12 6-15 
Shape Spherical! Usually spherical Spherical Ovoid Very irregular, 
| ovoid spherical 
Nucleus . 
Number 14 1-8, seldom 2, 1-4, often 2 1-4 1, rarely 2 
occasionally 16 
Peripheral As trophozoite Coarse, granular, Fine granules Absent Absent 
chromatin may be clumped on membrane 
? on membrane | ) 
Endosome As trophozoite Large, eccentric Small, central Large, central Large, eccentric 
Cytoplasm | se | 
Chromatoidal Common, blunt - Infrequent, : Common, blunt - Absent Absent 
_ bodies ~ ends __ splinter-like ends — smooth ends et | 
Glycogen lll-defined glycogen _ Well-defined mass Diffuse or absent Diffuse, if.present Large, well defined | 
{iodine stained) vacuole lying between nuclei- ‘ ger 
| in binucleate cysts 7 ! 
Sauk “ Shaile Size *“sapecaabad Sosyet 
Ellipsoid, thin walled - 20-33 x 10-19 um 2 ellipsoid sporocysts (9-14 x 7-12 um), 


Isospora bell? , 
¥ ‘each with 4:crescentic sporozoites; | 
uncommonly seen in fresh faeces. 


10-12 pm-——-2. oval sporocysts-(10=16 x ry 2.5 41m), 
each with 4 sporozoites 


| No sporacyst: 4 sporozoites, small 
spherical residual body 


—Sarcocysiis hominis,-suihominis’. -—OQvoid,-thin walled : "-20-30-x 


Sypoenatiin spp Ovoid or spherical, £8 um | 
thin walled my é 


2 





* Usually found in faeces as immature oocysts containing a single spherical mass of cytoplasm; released sporacysts rarely seen. 
’ Sporulated oocysts rarely seen in faeces; released sporacysts ‘usually found. 
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Trophozoites 
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| ‘RBC Which is unaltered « RBC which Is unaltered 
” in’size. 2. “‘insize 
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‘sometimes stippled, pale |  Blippled* Rimes af ee ae ee Ree meat 


ee i.) 
Syst} pc MateS 


(b) Growing forms - 


- Parasite earnpact 
.. rounded. or band- 


fuame arioeboid.= 
vacuolated; pigment: . 
line and scattered... 
golden ‘brown — 


Parasite bonipect: 
pigment dense brown 
or black mass. Not 
usually seen in 
peripheral blood 


~~ black pigments, often 
concentrates: in a line’ 
along one edge of band | 


‘RBC much enlarged, ‘RBC unaltered 


stippled 


RBC unaltered in size, 
sometimes stippled, pale 


Mature schizonts 


 Pateahe fils RBC 
__ completely; nuclei or 
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Fig. 42.1 Representative diagrams of the microscopical appearances of stages of the tissue protozoa of man. Romanowsky stain except when 
stated otherwise. Scale bars are 5 um. 
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The various developmental stages of the kinetoplastid flagellates (Leishmania and Trypanosoma): (i) amastigote; (ii) promastigote; 
(iii) epimastigote; (iv) trypomastigote. 


. Leishmania: (i) amastigotes in a macrophage from a tissue aspirate smear, (il) promastigote form from culture in diphasic medium. 


Trypanosoma cruzi: (i) trypomastigote from thin blood film; (ji) nest of amastigotes in intected muscle cell (pseudocyst). 


. Trypanosoma brucei rhodesiense: (i) long slender and short stumpy trypomastigotes in thin blood film of peripheral blood; (ii) Mott or morula 


cell as seen in CNS tissue sections or in CSF. 


_ Soil amoebae: (i) Naegleria fowleri, trophozoite from CSF or in culture, iron haematoxylin stain; (ii) Acanthamoeba, cyst from corneal ulcer, 


unstained. 
Gut coccidia: (i) Sarcocystis lindemanni, zoites in cyst in muscle, haematoxylin and eosin stain; (ii) Toxoplasma, zoites from peritoneal fluid 
or brain smear of mouse. - 


_ Plasmodium vivax in erythrocytes: (i) ring form; (ii) mature schizont; (iti) microgametocyie. 
_ Plasmodium malariae in erythrocytes: (i) band form trophozoite; (li) macrogametocyte. 


Plasmodium falciparum in erythrocytes: (i) multiple ring forms in one erythrocyte; (ii) accole form; (iii) mature schizont; (iv) microgametocyte. 
Babesia, trophozoites in erythrocyte. 
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Fig. 42.2 Representative diagrams of the microscopical appearances of Stages of the hollow-viscus protozoa of man. lron—haematoxylin stain 
except where otherwise stated. Scale bars are 5 um. 


a. 


b, 


Cc 
d. 


e. 
f. 
g. 


Gut flagellates: (i) Retortamonas intestinalis, trophozoite and cyst, from faeces; (ii) Enteromonas hominis, trophozoite and cyst, from faeces; 
(ill) Chilomastix mesnili, trophozoite and cyst, from faeces; (iv) Giardia Jamblia, trophozoite and cyst, from duodenal aspirate and faeces, 
Trichomonas vaginalis, trophozoite, from vaginal exudate, living. 

Dientamoeba fragilis, trophozoite from faeces. 

Gut amoebae: (i) Entamoeba histolytica, trophozoite and cyst, from faeces: (ii) Entamoeba coli, trophozoite and cyst, from faeces: 

(iii) Endolimax nana, trophozoite and cyst, from faeces: (iv) /odamoeba bitschiii, trophozoite and cyst, from faeces, latter stained iodine. 
Isospora belli, sporulated oocyst, from faeces, unstained. 

Eimeria sardinae, sporulated oocyst, from faeces, unstained. 

Pneumocystis carinii, cysts from lung biopsy smear, stained silver methenamine stain. 


h, Balantidium col. (i) trophozoite, unstained; (if) cyst, stained. 
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Fig. 42.3 Methods. 

a. Method of making a thin blood film. ; oe 

b. Staining tray: machined (1 mm deep) from 6 mm perspex sheet, for staining blood films, tissue smears, etc. with Giemsa stain, 
face downwards. The tray shown is long enough for 6 slides; the trays can be made longer to accommodate more slides if 
required. . | | _ 

c. The apparatus for the miniature anion-exchange centrifugation method for the detection of low Trypanosoma brucei parasitaemias: 
(i) the reservoir, anion-exchange column and centrifuge tube assembly, (ii) the viewing chamber for the microscopica! examination 
of the deposit in the centrifuge tube. 

d. Preparation of a faecal smear. 
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Helminths 


J. E. Friend 





This chapter is devoted to those parasites generally 
referred to by medical parasitologists as helminths. 
Helminths are known to have infected mankind for 
at least 3500 years, and are still both common and 
widespread. A WHO report estimated that over half 
of the human race is parasitized by at least one species 
of helminth; Ascaris, the largest intestinal roundworm 
of man, may be found in 22% of the world’s popula- 
tion, nearly one billion people. Of the many thousands 
of species that occur in the environment less than 
fifty parasitize man, and of these only half are com- 
monly reported. Relatively very few worm infections 
are potentially dangerous, and the ability of these 
to produce clinical disease is more often associated 
with the numbers of parasites the host harbours, 
the unusual site in which they occur, re-infection, 
or the fact that the infected individual is immuno- 
compromised. Unlike microorganisms, most helminths 
are unable to multiply within the host, and so the 
majority of helminth infections are light. The host 
may be unaware of their presence, and it 1s quite 
likely that many of the readers of this book have 
had such infections at some time. 

Many helminths have a limited distribution 
because they require a particular climate and the 
presence of a reservoir of the infection or a suitable 
vector, and so are to be found only in tropical and 
sub-tropical areas; others are truly cosmopolitan. 
The area in which the infection may be transmitted 
is sometimes restricted, but the long duration of 
many of the infections, and the vast movement of 
people around the world, means that any of the 
helminth infections may appear almost anywhere. 
For this reason the practitioner sending the request 
to the laboratory should be encouraged to include a 
geographical history of the patient (Maegraith 1963). 
The majority of helminth parasites are transmitted 
through contamination of the environment or food, 
the mode of infection being ingestion. Many require 
another host, sometimes two other hosts, to complete 
their life cycle. We share many of these parasites 


with animals, both domestic and pets, and infections 
with these are termed zoonoses. 

The object of this chapter is to assist the reader 
to identify those stages of helminths likely to be 
encountered in the various body substances sent to 
the laboratory for investigation. Detailed descriptions 
of life cycles, and of stages unlikely to be normally 
seen, have been omitted except where this is rele- 
vant to the diagnosis or to the safe handling of the 
specimen. The chapter is not intended to replace a 
textbook on the subject of medical helminthology, 
but simply to enable the microbiologist to identify 
the worms, or more often the eggs, that are the usual 
stages likely to be encountered in normal investga- 
tions. For further information the reader is referred 
to Muller (1975), WHO (1981, 1984), Beaver et al 
(1984) and Crewe & Haddock (1985). 

The helminths fal! conveniently into two groups. 
These are (1) the phylum Platyhelminthes (flatworms), 
which include two classes, the Cestoda (tapeworms) 
and the Trematoda (flukes), and (2) the phylum 
Nematoda (roundworms). 

Comparative features of helminth infections are 
summarized in Tables 43.1-43.3 and Figures 
43.1—43.3 at the end of this chapter. 


LABORATORY DIAGNOSIS OF — 
HELMINTH INFECTIONS 


_ Examination of faeces for helminths 


Most intestinal helminth infections are diagnosed by 
finding one or other stages of the parasite evacuated 
with the faeces. On a mixed diet, an adult passes 
150-250 g of faeces in 24h. With an increased 
vegetable intake this rises to 350 g or more, and with 
an increased protein intake it may be reduced to 
75 g. In diarrhoeic states the volume of liquid faeces 
may be 500ml or more. Except in the case of 
Strongyloides, cultural techniques are not available 


757 


ee —— = = => 





q 


&3 PRACTICAL MEDICAL MICROBIOLOGY 


to increase the number of parasites present in speci- 
mens. The normal! saline smear used for faecal 
examination usually contains about 2—3 mg of faeces, 
which is a tiny fraction of the daily output, and any 
technique that increases the chances of finding the 
parasites should be used. The problem has always 
-been the choice of concentration method. All con- 
centration procedures have their limitations, being 
good at concentrating some parasites and not others. 
The most usual request received by the laboratory 
is to “exclude parasites’, often without any indication 
of the parasite suspected, which is tantamount to 
asking a microbiologist to recommend an antibiotic 
without naming the organism. The only course then 
open to the helminth laboratory is to use a ‘broad- 
spectrum’ technique, and the most useful broad- 
spectrum procedure is formal-ether sedimentation.* 
., “The. equipment -necessary for’ the microscopic 
€xamination of faeces, apart from the obvious, is a 
sharp-pointed pencil and a calibrated eyepiece micro- 
meter. The pencil is used to touch the cover-slip 
surface lightly to move any material that may be 
obscuring the object you wish to see, or to move the 
object itself into a better position, and with a light 
touch the object is seldom lost from view. The 
eyepiece micrometer is to give an idea of size, which 
will mot necessarily confirm the identification but 
often excludes a false one. 


Micrometry 


The measurement of helminth ova is not as critical 
as that required for protozoan cysts. The variation of 
size within the species often precludes the exact 
identification of ova on size alone, but measurement 
is an essential part of the examination. A focusing 
micrometer eyepiece (with the top element movable 
so as to focus sharply on the micrometer graticule 
within it) can be purchased for most microscopes. 
This is most convenient, as the focus is quickly 
adjustable for any worker in the laboratory. Alter- 
natively, an eyepiece graticule may be purchased and 
fitted inside a spare eyepiece so that it rests on the 
diaphragm in the eyepiece which is raised or lowered 
to bring the graticule into focus. The eyepiece 
micrometer has a linear scale engraved on it, usually 
10 mm long divided into 100 equal parts, and must 
be calibrated for each objective (for parasitology the 
x40 and x100) before it can be used. A stage graticule 
with 0.1 mm and 0.01 mm divisions is used for 


* Refer to Methods at the end of this chapter. 
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the calibration. Under the microscope the eyepiece 
scale and stage scale are brought into focus and the 
zero points (the first line of each scale) are aligned. 
Then, moving as far up the scale as possible, the 
point at which the scales are again aligned is noted. 
This gives two figures, the number of divisions on 
the eyepiece micrometer (the unknown), and the 


number of divisions on the stage micrometer (the - 


known). Divide the known by the unknown to obtain 
the measurement of one division on the eyepiece 
micrometer scale (0.01 mm = 10,im). There is no 
point in expressing this figure beyond one place of 
decimals. The result is recorded and kept for refer- 
ence. This procedure must be repeated for each 
objective and each microscope. If a stage micrometer 
is not available, a blood counting chamber may be 
used; the Neubauer counting chamber has four 
corner ruled areas, 1 x 1mm (1000 x 1000 pm) 
divided into 16 squares, each 250 x 250 im. 


Macroscopic appearance 


Normal! adult faeces are formed, soft, and usually 
brown. to dark brown in colour. The colour-is fre- 
quently affected by diet and medication (rhubarb 
may produce a light yellow stool, while iron com- 
pounds may produce a black stool). There may be 
accompanying blood and mucus with intestinal 
schistosomes or heavy 7richuris infections. Adult 
intestinal worms are often expelled naturally or as 
a result of intestinal hurry, and so are often found. 


Microscopic examination 


A direct smear preparation (2—3 mg of faeces emul- 
sified in physiological saline) or material from a 
concentration procedure with saline if required, 
should be systematically examined. A magnification 
of about 100 is usually sufficient, with practice, for 
most helminth ova. The light should be well cut 
down, and Jowenng the microscope condenser rather 
than using the ins diaphragm to achieve the desired 
light level is most effective. The staining of ova is 
not necessary for their identification. Some are 
already naturally stained and others are colourless, 
which is an aid in itself to identification. 


Examination of urine for helminths 


The presence of blood in the urine (haematuria) may 
indicate an infection with Schistosoma haematobium. 
The whole urine output should be collected between 
11.00h and 14.00h and allowed to sediment in a 
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conical urine glass for 30 min, and the deposit exam- 
ined for eggs. The practice of collecting a terminal 
specimen after exercise does not produce the best 
results. 

The microfilariae of Wuchereria bancroftti may 
be found in the urine when there is chyluria. The 
specimen should be centrifuged at high speed and 
the deposit examined; the microfilariae are usually 
motile and easily seen. For specific identification the 
slide is allowed to dry, fixed in methyl alcohol, and 
then stained as for microfilariae in blood.* A filtra- 
tion method with Nuclepore filters (Bibby Sterilin) is 
available for both of these parasites.* 

Occasionally adult forms and the eggs of Enterobius 
are found in urine, especially in female patients. 


Examination of blood for helminths 


The only helminth parasites that are normally recovered 
from the blood are the larval stages (microfilariae) of 
some of the filarial worms. Of these only three are 
of medical importance, Wuchereria, Brugia and Loa. 
Two other species, Mamnsonella perstans and M. 
ozzardn, commonly occur in man, and although gen- 
erally considered non-pathogenic need to be identi- 
fied. Two specimens of blood are required, one 
collected between 10.00h and 14.00h for those 
microfilariae having a diurnal periodicity, and the 
other collected between 22.00h and 02.00h for 
those having a nocturnal periodicity. As a general 
rule, capillary blood tends to yield higher counts of 
microfilariae than does venous blood. The ear lobe 
is the site of choice for obtaining blood. In these 
days of safety awareness, only venous samples are 
routinely collected. With a 5 ml sample, both direct 
and concentration procedures may be done.* In 
chronic infections microfilariae may be very difficult 
to demonstrate. 

Other helminth larvae may also occasionally be 
found in blood. Onchocerca (normally found tn the 
skin) may be found in the blood in heavy infec- 
tions. Migrating larvae of Ascans hookworms, and 
Trichinella have been recorded. 


Examination of sputum for helminths 


Normally the oniy stages of parasites recovered irom 
the.sputum are parasites that live in the lungs, such 
as the eggs of Paragonimus, and the scolices from a 
ruptured hydatid cyst. The migratory larval stages 
of Ascans, Strongyloides, and hookworms have 
occasionally been found. The specimen should be 
liquefied and concentrated.” 
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CESTODES (Tapeworms) 


Taenia, Diphyliobothrium, Hymenolepis, 
Dipylidium, Echinococcus 


The parasitic tapeworms of man, with one exception 
(Echinococcus), are parasites of the small intestine. 
They vary in length from a few millimetres to many 
metres. ‘The worm is made up of a head (scolex) 
and a series of segments (proglottids). The head has 


organs of attachment, either rounded (suckers) or 


slit-like (bothria), and in some species they also 
have an extension (rostellum) with hooks. Posterior 
to the head is the short undifferentiated neck which 
produces the developing segments. The segments 
nearest the head are smaller and immature, and then 
come segments containing the male organs followed 
by segments containing both male and female organs; 
the male organs are non-functional after the fernale 


organs develop. Finally come the gravid segments 


containing the eggs. The flat tape-like chain of 
segments is called a strobila, and the position of the 
various reproductive organs and the shape of the 
egg-filled uterus are characters used in identification 
of the various tapeworms. 

All tapeworms of man are hermaphrodites. 
Cestodes have no gut, absorption of nutrients taking 
place through the outer protective layer known as 
the tegument. Under this outer layer, in the paren- 
chyma, are the ‘calcareous corpuscles’ the com- 
plicated chemical structures that give the worm its 
white (candle-wax like) colour. The parenchyma also 
contains a muscle layer which enables the worm to 
withstand the gut’s attempts to dislodge it. These 
muscles are responsible for the movement of 
segments expelled in the faeces. 


Taenia saginata 


Common name. The beef tapeworm. 

Host. Man is the sole definitive host and becomes 
infected by eating the larval stage in the flesh of 
the intermediate host, bovines. 

Geographical distnbution. Cosmopolitan, occurring 
in most countries where beef is eaten, either raw or 
inadequately cooked. 

The parasite. ‘The scolex, about 2 mm in diameter, 
attaches to the wall of the ileum by four large round 
suckers while the stobila, usually about 5 metres 
long with up to 2000 proglottids, floats free in the 
lumen. ‘The gravid (terminal) proglottids are about 
20 x 7 mm, but they may be larger when relaxed, and 
these are the segments that are normally expelled 
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with the faeces; they could almost be called egg sacs. 
The segments have a single genital pore situated 
irregularly along the lateral margins. The uterus does 
not open to the exterior, has a number of lateral 
branches, and is full of eggs. The counting of these 
branches to identify species, although not infallible, 
is the only practical method than can be carried out 
in the non-specialist laboratory. 

The eggs are brown, about 351m in diameter, 
usually round but sometimes slightly elongated, and 
have an outer radially-striated wall (embryophore) 
surrounding an embryo that has six hooks (hexacanth 
embryo). The eggs originally have a delicate outer 
shell, but this is usually lost when the egg is freed from 
the segment and is rarely seen on eggs in the faeces. 

Diagnosis. The head of the adult worm, if 
recovered after treatment, may be identified by its 
four suckers; however, the head is rarely found after 
treatment with modern anthelmintics. The gravid 
proglottids are the usual specimens sent to the 
laboratory, a chain of up to about eight in number 
being quite common. They should be placed in 
water and allowed to relax for up to 24h to give the 
best chance of counting the uterine branches. ‘They 
are then carefully pressed between two glass slides 
and the number of main lateral egg-filled branches 
counted, There should be 15-32, usually 20-23 
(Fig. 43.2, at end of chapter). Eggs (Fig. 43.1) are 
seen in_the faeces only when the proglottid has 
ruptured in the gut. If an empty proglottid is passed, 
the uterus may be made visible by the Indian ink 
method.* Proglottids may actively escape through 
the anus, allowing eggs to exude on to the perianal 
skin, and these may be recovered with a swab.* The 
eggs of this species are not infective to man. 


Taenia solium 


Common name. ‘The pork tapeworm. 

Host. Man is the only definitive host. The pig is 
the intermediate host. The larval stage can develop 
in man, but such larvae are at a ‘dead end’ in the life 
cycle. 

Geographical distribution. Cosmopolitan, occurring 
in most countries where pork is eaten, either raw 
or inadequately cooked. 

The parasite. ‘The scolex is about 1 mm in dia- 
meter, smaller than that of 7. saginata, with four large 
suckers and a rostellum armed with a double ring of 
22—36 large and small hooks. The strobila is usually 
2—3 metres long and has about 900 proglottids. ‘The 
gravid proglottids measure about 12 x 6mm, and 
may contain up to 80 000 eggs. 

Diagnosis. The scolex of the adult, if recovered, 


760 


may be identified by its four suckers and the double 
ring of hooks. The gravid proglottids have up to 12 
lateral branches (Fig. 43.2). The eggs are morpho- 
logically indistinguishable from those of 7. saginata, 
but they may develop in man to form the larval 
stage (cysticerci) and produce a serious condition 
known as cysticercosis. Serological tests are available, 
but frequent cross-reactions with other antigens may 
give false positives. 


Diphyllobothrium latum 


Common name. The broad fish tapeworm. 

Host. Freshwater fish-eating animals, including 
cats, dogs, bears, and man. Fish and crustaceans 
such as Cyclops and Diaptomus act as intermediate 
hosts. 

Geographical distribution. - Many of the great lakes 
of the world. ~ 

The parasite. This is the longest tapeworm infecting 
man. The scolex is about 2—3 mm long by 1 mm wide 
and is spatulate, with longitudinal sucking grooves 
(bothria) as organs of attachment. The undifferen- 
tiated neck is several times longer than the scolex. 
The strobila is up to 10 metres in length and may 


have up to 4000 proglottids. The gravid segments. 


are about 7 mm Jong by 12 mm wide. The centrally- 
placed uterus has a uterine pore through which the 
segment passes large numbers of eggs, and the 
entire worm may pass as many as | million per 
24h. The yellowish-brown eggs are ovoid, about 66 
x 441m, and have an inconspicuous operculum 
(lid) and a small knob at the opposite end, The un- 
developed embryo is surrounded by yolk cells and 
develops only if the egg reaches water. The developed 
larva escapes from the egg through the operculum. 
The larva is eaten by a crustacean which in turn is 
eaten by a fish. Man becomes infected when he 
eats undercooked fish. This tapeworm competes with 
the host for the available vitamin B,, and may cause 
anaemia; this condition is usually caused by the 
strain found in Finland. 

Diagnosis. Recovery of the eggs (Fig. 43.1), which 
are usually present in the faeces in large numbers. 
Occasionally long chains of segments are passed, 
with their characteristic uterus (Fig. 43.2). 


Sparganum 


Man is sometimes infected with a larval stage 
(sparganum) of Spirometra, a non-human diphyl- 
lobothricid tapeworm. Spargana occur mainly in 
the subcutaneous tissues. Specialist help is usually 
required for their identification. 
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Hymenolepis nana 


Common name. ‘The dwarf tapeworm. 

Host. Man is the only host. No intermediate 
host is required. The infection is more common in 
children. 

Geographical distribution. Cosmopolitan. 

The parasite. The scolex is about 0.32 mm in 
diameter, and has four suckers and a retractile 
rostellum with 20-30 hooks in a single ring. The 
strobila is up to 4cm long and has about 100 
proglottids (maximum size 0.3 mm long by 1mm 
wide). The terminal segments gradually disintegrate 
to release eggs that are passed out with the faeces 
and are infective to man. The almost colourless 
eggs are usually ovoid, 30-47 1m in length. The thin 
transparent egg shell encloses a smaller embryo- 
phore, the polar ends of which are thickened to give 
rise to 4-8 thread-like filaments. The embryo has 6 
hooks. 

Diagnosis. The presence of eggs (Fig. 43.1) in 
the faeces confirms the diagnosis. The proglottids are 
seldom seen because of their small size (Fig. 43.2). 


Diphylidium caninum 


Common name. ‘The dog tapeworm. 

Host. Dog, cat, man (occasionally). Dog and cat 
fleas act as intermediate hosts. 

Geographical distribution. Cosmopolitan, especially 
in dogs and cats. . 

The parasite. The scolex is about 0.37 mm in dia- 
meter, has four suckers and a retractile rostellum 
with 30-150 thorn-shaped hooks in 3-4 rings. The 
strobila is up to 4 cm x 3 mm and has about 60-175 
proglottids. The gravid segments are 8-12 x 2-3 mm 
at the widest point and are barrel-shaped. The 
eggs are thin-shelled, spherical or oval, 31-50 um 
x 27-48 um, and have a pinkish tinge. The eggs each 
contain a hexacanth embryo, and are enclosed in a 
capsule containing about 20 eggs. 

Diagnosis. Recovery of the egg capsules, or the 
gravid proglottids which are frequently actively 
motile, confirms the diagnosis. 


Echinococcus granulosus 


Common name. ‘The hydatid worm. 

Host. Carnivores (in human infections the dog is 
the most important definitive host). Many herbivores 
may act as intermediate hosts. The larval stage can 
develop in man but such larvae are at a dead end in 
the life cycle. 

Geographicial distribution. Cosmopolitan in sheep- 
rearing areas. 


The parasite. In contrast to the other tapeworm 
infections, man does not harbour the adult worm, 
but becomes infected when he ingests eggs (indistin- 
guishable from those of 7. solium and T. saginata) 
passed in the faeces of an infected animal. Man then 
becomes host to the larval stage, the hydatid cyst. 
This is a serious clinical condition. The specimen 
most likely to be sent to the laboratory is the aspirated 
or surgically removed cyst contents. The fertile cyst 
will contain brood capsules, each containing 5—10 
developing scolices, usually called protoscolices, 
each with four suckers and a double ring of hooks, 
enclosed in a thin cyst wall. The brood capsules 
break up and release the protoscolices, which in turn 
break up to release the hooks and other structures. 
This mixture settles to the bottom of the cyst and is 
collectively called ‘hydatid sand’. Some cysts are 
infertile and contain only fluid. The cyst contents are 
bacteriologically sterile. 

Diagnosis. By identification of cyst contents if 


available. Immunological tests are available. The 


intradermal reaction (Casoni test), a haemagglutina- 
tion test, a complement-fixation test, and an indirect 
fluorescent antibody test have varying degrees of 
sensitivity and specificity. 


TREMATODES (Flukes) 


Schistosoma, Fasciola, Fasciolopsis, 
Opisthorchis, Heterophyes, 
Metagonimus, Paragonimus 


The trematodes, more commonly called flukes, are 
parasites of the intestinal tract, bile ducts, lungs 
or blood of man. In their adult stage they vary in 
length from 1 mm (Heterophyes) to 7 cm (Fasciolopsts). 
Most are flattened and oval in shape, but the 
schistosomes are almost thread-like and Paragonimus 
is thick and fleshy. With very few exceptions, flukes 
infect a wide range of animals; the resultant vast 
reservoir of infection makes prevention and control 
difficult. Like the majority of helminths, flukes do not 
multiply within the human host, and light infections 
are usually well tolerated. Disease is usually asso- 
ciated with large worm burdens or with the parasite 
or its eggs finding their way to ectopic sites, The 
schistosomes are the most important flukes both 
medically and economically with 200 million people 
infected. 
Trematodes are divided into several superfamilies, 
but they have many features in common. Adult 
trematodes that infect man possess two suckers, 
hence the name trematode ‘with holes’; an anterior 
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oral sucker surrounds the mouth, and a more 
posterior ventral sucker is the organ of attachment. 
Heterophyes is the one exception, having a third 
genital sucker. The outer surface or tegument may 
carry spines, and the underlying muscle layer enables 
the fluke to alter its shape and move actively through 
small spaces. The mouth opens into a pharynx, 
behind which is an oesophagus which branches into 
two blind caeca. The excretory system is a series of 
flame cells which pass waste fluids through collecting 
channels to a posterior bladder. With the exception 
of the schistosomes, flukes are hermaphrodites, the 
individual worms possessing both male and female 
sexual organs; there are usually two testes and a single 
ovary. The eggs produced by worms parasitizing the 
gut, the bile ducts or the blood vessels surrounding 
the gut, are passed out in the faeces. Eggs from 
worms parasitizing the blood vessels surrounding the 
bladder are passed out in the urine, and those from 
worms parasitizing the lungs are passed out in the 
sputum (or in the faeces if the sputum is swallowed). 

The eggs of all flukes must reach water to continue 
the life cycle. Some will contain a fully developed 
larva (miracidium) and will hatch immediately; some 
require a period of further development before the 
miracidium will hatch, and some miracidia remain 
in the egg shell until the egg is ingested by a suitable 
host. All flukes require a freshwater snail as an inter- 
mediate host. The miracidium infects the snail either 
by direct penetration or by being ingested. Devel- 
opment and multiplication take place in the snail 
over a period of weeks, or even months, to produce 
the next stage, the cercaria. One miracidium may give 
rise to many thousands of cercariae. The cercariae 
emerge into the water and swim actively. Those of 
schistosomes are directly infective to man by skin 
penetration while those of other flukes require a 
second intermediate host, which may be a crusta- 
cean, a fish, or a plant, in or on which they develop 
into the encysted stage (the metaceria), which is 
infective to man if swallowed. 


Schistosoma haematobium, S. mansonii, 
S. japonicum 


Common name. Blood.flukes. 

Host. S. haematobium: man (a few animal infections 
recorded). S. mansoni: man, rodents, baboons. 
S. japonicum: man and many other animals. 

Geographical distribution. S. haematobium: tropical 
and sub-tropical Africa, parts of the Middle East. 
S. mansoni: tropical and sub- -tropical Africa, South 
America, some Caribbean islands. S. japonicum: 


widely distributed in the Far East. 
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The parasite. The adult schistosomes, unlike 
other flukes, have separate sexes. The size varies 
between the species; the male is 6-20 mm in length, 
and 0.5-1.0 mm in width,-with the lateral margins 
of the body folding inwards to form a channel (the 
gynaecophoric canal) in which it clasps the longer 
(up to 30 mm) and thinner female in almost perma- 
nent copulo. The paired worms inhabit certain veins 
in man; S. japonicum and S. mansoni occur in.the 
mesenteric veins, and S. haematobium in the vesical 
veins. They are long-lived, surviving between 4 
and 25 years. The fertilized females produce large 
numbers of eggs which erode through the vein walls 
into the hollow viscera and are then discharged with 
either the faeces or urine. 

When passed, the eggs contain fully developed 
muracidia which hatch almost immediately when the 
egg is immersed in water. Hatching may be.delayed 
by keeping the eggs cold and in the dark. The pale 
yellowish-coloured eggs can be identified by their 
characteristic shapes: 


S. haematobium eggs are spindle-shaped, 150 x 
60 um, with a terminal spine. The output of eggs is 
20-300/24 h. 

S. mansonii eggs are spindle-shaped, 140 x 50 jum, 
with a lateral spine; output 100—300/24 h. 

S. japonicum eggs are round, 90 x 50 lim, with a 
small lateral knob; output up to 3500/24 h. 


The hatched miracidium must infect an appro- 
priate fresh-water snail within about 36h. After a 
period of development in the snail, large numbers 
of cercariae are produced, and these are discharged 
into the water at intervals during the life of the snail. 
Man is infected by direct skin penetration. 

Diagnosis. Recovery of eggs (Fig. 43.1) is the 
most positive method. S. japonicum eggs occur in the 
faeces. S. mansonit eggs occur in the faeces, but are 
occasionally found in urine. S. haematobium eggs 
occur in the urine, where they may be accompanied 
by haematuria with red cells frequently found micro- 
scopically, and occasionally in faeces. Eggs may be 
found by direct microscopic examination if the egg 
output is high, but even moderately heavy infections 
may be missed. Concentration procedures should 
always be used if infection is suspected.* Eggs can 
also be found in snips of the rectal submucosa 
obtained by endoscopic biopsy.* Immunological 
tests are available, but they have varying degrees of 
sensitivity and specificity. 


Fasciola hepatica 


Common name. The sheep liver fluke, 
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Host. Mainly sheep and cattle; also goats, horses, 
camels, pigs, and occasionally man. 


Geographical distribution. Cosmopolitan in sheep- 
raising areas. 
The parasite. The adults live in the bile ducts and 


are hermaphrodites. They are about 20-30 x 13 mm, 
but may be smaller in heavy infections. They have 
a typical flat leaf-like fluke shape, with a spiny 
tegument. The fluke has the usual oral and ventral 
suckers, and at the anterior end behind the oral 
sucker it has prominent shoulders. The uterus, in the 
anterior third of the body, is usually filled with eggs. 
The adults live for about 11 years. The large ovoid 
golden-brown eggs are about 150 x 80 lum and have 
an inconspicuous operculum. The egg when passed 
contains a large, refractile, unsegmented ovum sur- 
rounded by a mass of yolk cells. On reaching water 
the egg develops over a period of weeks to produce 
a miracidium, which hatches and infects an appro- 
priate snail. After a further period of development 
the snail discharges cercariae into the water. The 
cercariae attach themselves to plants and encyst. 
Infection occurs when the infected plant is eaten. 

Diagnosis, By recovery of eggs (Fig. 43.1) from 
faeces. Eggs are often very scanty, and concentration 
procedures should be used. Even so, eggs are not 
recovered in about 30% of human cases. It may be 
useful to employ a veterinary technique, the modified 
zinc sulphate flotation test.* 

Warning. A proportion of animal livers are in- 
fected and if eaten by man will produce a ‘spurious 
infection’ with eggs in the faeces. The patient should 
be kept on a liver-free diet for about a week before 
examination to exclude this possibility. 

An immunofluorescent antibody test is available 
at specialist centres and is said to be reliable. 


Fasciolopsis buski 


Common name. The giant intestinal fluke. 

Host. Pig, man. 

Geographical distribution. Confined to Far East: 
central and south China, Japan, Korea, Taiwan, 
India, central Thailand, Borneo, Malaysia. 

The parasite. The adult is the largest trematode 
commonly parasitizing man, about 3-7 x 2 cm. It is 
ovoid in shape, and thick (up to 3mm), with a 
tegument covered with transverse rows of small 
spines. It has a small oral sucker and a much larger 
ventral sucker (four times as large). It is similar in 
appearance to Fasciola but without the obvious 
shoulders. It lives in the small intestine, particularly 
in the duodenum. The adult in man has a short life 
of less than a year. 
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The large ovoid golden-brown eggs are about 
140 x 80 um and are almost identical to those of 
Fasctola. The egg, after further development, hatches 
to produce a miracidium which infects a suitable 
snail. The cercaria finally encysts on water plants 
which are infective when eaten. 

Diagnosts. Recovery of eggs (Fig. 43.1) from the 
faeces as for Fasciola. 


Opisthorchis (Clonorchis) sinensis and 
Opisthorchis felineus 


Common name. O. sinensis: the Chinese liver 
fluke (Opisthorchis sinensts is referred to as Clonorchis 
sinensis in many books). O, felineus: cat liver fluke. 

Host, OO. sinensis: dogs, and fish-eating carnivores, 
man. O. felineus: cats, man. 

Geographical distribution. O. sinensis: China, Korea, 
Taiwan, Japan, Vietnam. O. felineus: east Germany, 
Poland, Russia. Another species, O. viverrinae, 
occurs in Thailand and is similar in most respects 
to QO, sinensis. 

The parasite. The adults live in the bile ducts, 
are hermaphrodites, are about 11-20 x 3—5 mm, 
but may be smaller in heavy infections. They have a 
tapering anterior and a rounded posterior end. O, 
felineus has two-lobed testes, but in O. sinensis the 
testes are branched. The worms are long-lived, up 
to 25 years. The small brown eggs are about 
30 x 10-20 [m, with an operculum at one end and 
a small knob at the other. When laid, the eggs con- 
tain a fully-developed miracidium, and like all fluke 
eggs they must reach water. They must be ingested 
by a suitable snail before they hatch; after a period 
of development in the snail, cercariae are produced 
and released into the water. The cercariae penetrate 
under the scales of various species of fresh-water 
fish and infection occurs when the fish is eaten either 
raw or undercooked. 

Diagnosis. Recovery of eggs (Fig. 43.1) from the 
faeces. Because of their small size, concentration 
methods should be used. Immunological tests are 
available, but they cross-react with other trematode 
infections. 


Heterophyes heterophyes 


Common name. Dwarf fluke. 

Host. Dogs, cats, foxes, and other fish-eating 
carnivores, man. 

Geographical distribution. Egypt, Israel, southern 
Furope, China, Japan, Philippines, Taiwan. 

the parasite. ‘The adults live in the small intestine 
of man and are hermaphrodites. They are about 
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1.5 x 0.5mm, with a tegument covered with fine 
spines. In addition to the usual oral and ventral 
suckers they possess a third genital sucker, which 
lies near the ventral sucker. The adult is short-lived, 
just a few months. The eggs are similar to those of 
Opisthorchis and are difficult to distinguish from 
them. The development and mode of infection are 
also simular. 
Diagnosis. As for Opisthorchis. 


Metagonimus yokogawaii 


Common name. Yokogawa’s fluke. 

Host. Dogs, cats, pigs, man. 

Geographical distribution. Japan, Korea, China, 
Taiwan, Russia. 

The parasite. The adults live in the small intestine 
and are hermaphrodites. They are similar in most 
respects to Heterophyes but do not have a genital 
sucker. The eggs are similar to Heterophyes, as 1s the 
life cycle. 

Diagnosis. As for Opisthorchis. 


Paragonimus westermanii 


Common name. ‘The lung fluke. 

Host. Members of the cat family, man. 

Geographical distribution. China, Japan, Korea, 
Taiwan, Philippines, Thailand, India, Malaysia, 
Indonesia. 

The parasite. The adults usually live in pairs in 
the lungs where they form cysts. They are thick and 
fleshy, about 1.5 x 0.5 cm and 0.5 cm thick, reddish- 
brown, and with a tegument covered with spines. 
The adults may live for up to 20 years. The thick- 
walled ovoid brown eggs are about 90 x 50 jm and 
have an obvious, rather flattened operculum forming 
a lid which appears to be too small. When laid, the 
egg contains an unsegmented ovum surrounded by 
yolk cells, Eggs may be passed out in the sputum, 
and are often found in the faeces when the sputum 
has been swallowed. On reaching water the eggs 
develop and miracidia are formed, which hatch and 
infect a suitable fresh-water snail. After further de- 
velopment, cercariae are produced and discharged 
into the water. They infect water crustaceans such 
as crabs and crayfish by penetrating the gills or mus- 
cles, and encyst to become metacercariae. Infection 
occurs when the crustaceans are eaten either raw or 
undercooked. 

Diagnosis. Recovery of eggs (Fig. 43.1) from 
either sputum or faeces.* Sputum from an infected 
patient is often brownish and sometimes blood- 
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stained. Immunological tests are available, but they 
tend to cross-react with other trematode infections. 


NEMATODES (Roundworms) ___ 
Ascaris, Trichuris, Enterobius, 
Ancylostoma, Necator, Strongyloides, 
Trichinella, Toxocara, Wuchereria, 
Brugia, Loa, Onchocerca, Dracunculus 


Many thousands of species of roundworms para- 
sitize plants, invertebrates and vertebrate animals. 
Among the helminths this group contains the largest 
number of parasites of man. With the exception of 
Strongyloides, which also has a free-living cycle, all 
of the parasitic nematodes of man are obligatory 
parasites. 

A nematode is usually elongated, cylindrical, and 
tapering at the ends of the body, It is covered with 
a tough impermeable cuticle, which in some species 
is transversely striated or bossed and in others may 
be adorned with spines; wing-like structures (alae) 
occur at the neck and tail in some species. The mouth 
may be either round or slit-like, and often has lips 
opening into a buccal cavity lined with chitin and 
sometimes armed with teeth or cutting plates. The 
buccal cavity leads to an oesophagus and an intestine 
ending in a subterminal anus. Nematodes have a 
body cavity which can be seen in cross-section. In 
nearly all cases the sexes are separate, the male 
being the smaller. The adults vary in size; some are 
barely visible to the unaided eye ( Trichinella), some 
are the size of a lead pencil (Ascaris), and one 
(Dracunculus) is nearly 1 metre long. 

The eggs produced by most nematodes require a 
further period of development after they are laid 
by the female, the enclosed ovum undergoing cell 
division to produce a larva. In Strongyloides this 
develops while the egg is still in the gut of the host, 
and larvae, not eggs, are found in the faeces. In some 
nematodes, such as Trichinella, Wucherena, Brugia, 
Loa, Onchocerca and Dracunculus, the egg develops 
in the female’s uterus and larvae are laid. 


Ascaris lumbricoides 


Common name. The large intestinal roundworm. 

Host. Man. An almost identical worm is found 
in pigs, but is usually regarded as a separate species, 
A. suum. 

Geographical distribution. Cosmopolitan. 

The parasite. The adult worm is pink or light 
brown in colour and tapers at both ends. The female 
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is 25-35 cm x 3—6 mm, and the male slightly smaller, 
15-25 cm x 24mm, with a curved posterior end. 
The cuticle is finely striated laterally. The mouth 
when viewed anteriorly shows three distinct fleshy 
lips. 

The eggs are produced in three different forms. 
The fertile egg is brown, broadly ovoid, about 
65 x 50 um, and consists of a single unsegmented 
ovum encased in a thick shell which is covered with 
a coarse mammillated (wart-like) layer. This outer 
mammillated layer is sometimes missing; the egg 1s 
then said to be decorticated and is usually colourless. 
The infertile eggs, produced by unfertilized females, 
are brown, elongated, about 80 x 40 1m, thinner- 
shelled, and contain no obvious ovum but just a 
mass of cells. The fertile egg requires a period of 
development outside the host until it contains a 
larva, and it is then capable of infecting man. The 
infective egg hatches when swallowed; the larva is 
released, and it develops further as it migrates 
through the liver and lungs and finally returns to the 
gut. 

Diagnosis. The adults, which live between 1 and 
2 years, are frequently sent for identification after 
being expelled by the host. They can be differen- 
tiated from earthworms (which they resemble) by the 
three lips on the mouth (Fig. 43.2). Adult worms 
have also been recovered from the appendix and bile 
ducts during surgery. Larvae, when in the migratory 
stage in the lungs, may be found in blood-stained 
sputum. 

The characteristic eggs (Fig. 43.1) are usually 
found in the faeces; each mature female produces 
up to 200 000 eggs/24 h, and concentration proce- 
dures are seldom needed. After an adult worm has 
been expelled, any test of cure examination should 
be delayed for at least 7 days until the gut is cleared 
of any remaining eggs. 


Trichuris trichiura 


Common name. The whipworm. 


Host. Man, monkeys. 
Geographical distribution. Cosmopolitan. 
The parasite. The adult female is about 3-5 cm 


in length, the male about 3—4.5cm with a coiled 
posterior end, In both sexes the posterior third of 
the body is thickened, giving the worm its whip-like 


appearance. 

The eggs are brown, ovoid, about 50-54 x 22- 
23 um, and with colourless plug-like prominences 
at the poles. The unsegmented ovum fills the shell. 
Eggs of larger sizes and abnormal] shapes, with one 
or both of the polar prominences missing, have 
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been found following therapy with drugs such as 
mebendazole. 

Diagnosis, The adult worms with their whip-like 
shape are easily identified if found, However, 
although the worm lives about 3 years or more, it 1s 
seldom encountered in examinations of faeces. ‘The 
eggs (Fig. 43.1) are the most easily identified of all 
helminths. The females may produce up to 10 000/ 
24h, but if the patient has a light infection a con- 
centration procedure using a flotation method is 
necessary.* Heavy infections may cause chronic 
diarrhoea and anaemia in children. 


Enterobius vermicularis (Oxyuris) 


Common name. Threadworm, pinworm (USA). 
Note. The use of common names (sometimes local) 
can lead to confusion; in the USA the name thread- 
worm refers to Strongyloides, 

Host. Man, 

Geographical distribution. Cosmopolitan; it is 
probably the most common helminth infection of 
man. : 

The parasite. The adult female is white, cylindrical 
(about 1 cm x 0.5 mm) with pointed ends. The tail 
end is about a third of the total length of the 
worm. The male is about half the size of the female 
and has a curved posterior end. In both sexes the 
cuticle at the anterior end is expanded to form 
small lateral wing-like structures (alae). The egg- 
filled female usually inhabits the caecum, but moves 
out of the anus during the night, deposits sticky 
eggs on the perianal and perineal skin, and normally 
dies. The movement of the worm around the anus 
causes intense itching, and the worm is often crushed 
by the host when scratching, releasing up to 17 000 
eggs. The colourless egg is 50-60 x 20-30 [um, ovoid 
but with one side flattened (in cross-section it is 
almost triangular in shape), and contains a partly 
developed larva which is tadpole-shaped when the 
egg is freshly passed. If examination is delayed for 
6-12 h, the tadpole larva develops into an infective 
larva which will show movement inside the egg if 
the egg is warmed. Infection with this worm lasts 
about 2 months unless re-infection (which is common) 
occurs. The home environment is usually heavily 
contaminated with eggs and whole families are infected. 

Diagnosis. Adults (Fig. 43.2) are sometimes found 
in the faeces. The male dies after copulation and 
is expelled, and the female sometimes crawls into 
the vagina where it causes a discharge. [he eggs 
(Fig. 43.1) are rarely found in the faeces, and must 
be recovered from the anal region by using a swab 
or a sticky tape.* 
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Ancylostoma duodenale and Necator 
americanus 


Common name. Hookworms: Ancylostoma, ‘Old 
World’; Necator, ‘New World’. 

Host. Man. 

Geographical distribution. In many countries with 
a Warm moist climate, such as the Americas, tropical 
Africa, the Mediterranean, the Middle and Far 
East. The use of the terms ‘Old’ and ‘New World’ is 
misleading. 

The parasite. The adult is creamy-grey, cylindrical, 
with a tapering anterior. The body has a slight curve 
and the head bends back dorsally (hence the name 
hookworm). The male of both species has a posterior 
bursa (an umbrella-like expansion used to clasp 
the female when copulating). The female Necator is 
about 9-11 x 0.4mm; the male is slightly smaller. 
The buccal cavity has two prominent ventral cutting 
plates and a single dorsal tooth. Ancylostoma is 
about 10-13 x 0.6mm and is more robust. The 
flexure of the head is less obvious; the buccal cavity 
has two large prominent fused teeth ventrally placed, 
and on the dorsal surface further back there are two 
inconspicuous teeth. The adults are usually found 
in the jejunum. 

‘The thin-shelled colourless egg, ovoid with blunt 
ends, is about 60 x 401m and contains an ovum 
that has already started to develop and has usually 
reached the 4-cell or 8-cell stage. If examination of 
the specimen is delayed, the egg may contain a fully- 
developed larva. In specimens 24h old, the egg may 
have hatched and it is then necessary to distinguish 
the larva from that of Strongyloides — not an easy 
procedure. | 

Diagnosis. The adults are usually recovered after 
a purge and identified by the teeth or plates in the 
buccal cavity, The eggs (Fig. 43.1) of the two species 
are morphologically indistinguishable. Necator pro- 
duces 3000-6000 eggs/24h, while Ancylostoma 
produces up to 20000 eggs/24h. Ege counts are 
sometimes required to determine the worm load.* 


Strongyloides stercoralis 


Common name. In America this is called the 
threadworm, but elsewhere it does not appear to 
have a common name (except local names, which 
many parasites have). 

Host. Principally man, but chimpanzees and 
dogs have been found naturally infected. Another 
species, S. fuellebornii, which is found in parts of 
Africa and, New Guinea, has been reported in man. 

Geographical distribution. Tropical regions of 
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Africa, Asia, South America; occasionally reported 
from North America and Europe. 

The parasite. The transparent adult parasitic 
female is about 2 mm x 40 um and lives in the small 
intestine, where it is difficult to find even in biopsies. 
Reports of a parasitic male are very rare, and the 
parasitic female probably produces eggs by partheno- 
genesis, The eggs hatch in the intestine and the 
first-stage larvae are passed out with the faeces. The 
first-stage larva (L,) found in the faeces is called a 
rhabditiform larva (after the shape of the oesophagus, 
which is hour-glass shaped with the anterior bulb 
longer and narrower than the posterior bulb). 

Diagnosis. ‘The presence of larvae in fresh faeces 
identifies them as Strongyloides, but in an old (24 h) 
specimen they must be differentiated from hook- 
worm larvae which may have hatched from ‘eggs. 


~ Strongyloides larvae have a very short tube-like buccal 


cavity; hookworm have a long tube-like buccal cavity 
(Fig. 43.2). Strongyloides infections are widespread 
in the tropics and are usually asymptomatic, but 
in immunocompromised patients Strongyloides may 
cause a severe or fatal infection. The failure to detect 
larvae by microscopic examination cannot exclude 
the infection, and a cultural procedure must be 
used.* 

This parasitic infection is complicated -by the 
presence of a ‘free-living cycle’ which produces an 
explosion in the numbers of the infective stage, but 
does not help with the diagnosis. 


Trichinella spiralis 


Common name. None known. 

Host. A wide range of carnivores. In human 
infections the pig is the most important anieneh Zen 
is usually accidentally involved. 

Geographical dtstnbution. Cosmopolitan among 
pork-eating people. 

The parasite. The adults are minute and thread- 
like; the female is about 2.5mm x 60 Um and the 
male about half this size. They inhabit the mucosa 
of the duodenum and jejunum for their short life 
(6 weeks) during which time the female produces 
up to 2000 Jarvae. The adult worms die and are 
expelled from the gut, but are rarely seen in the faeces 
because of their small size. The larvae (about 100 x 
5 {tm) are carried by various routes to the skeletal 
muscle, where they grow to about 1 mm long, coil up, 
and become encapsulated. These encysted larvae, 
when ingested, infect the new host, remaining viable 
for much of the life of the host. In hosts with a Jong 
life span, such as man, the cysts become calcified. 
Deaths in man have been reported with a load of 
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5 larvae/g of muscle, but 1000/g was reported from 
a patient who died of other causes. 

Diagnosts. ‘The recovery of larvae (Fig. 43.2) from 
muscle biopsy* offers the most conclusive evidence 
of infection. Immunological tests are available, but 
have varying degrees of sensitivity and specificity. 


Toxocara canis and Tf. cati 


Common name. Dog roundworm and cat round- 
worm. 

Host. Dog and cat (domestic), wild canines and 
felines. Man is an accidental host of one of the larval 
stages, producing a condition known as Visceral 
Larva Migrans. 

Geographical distnbution. Cosmopolitan. 

The parasite. Animals harbour the adult worms, 
which are similar in appearance to Ascaris but 
smaller. Man becomes infected when he ingests 
eggs that have been passed out 1m the faeces of an 
infected animal. The ingested eggs hatch and develop 
to second-stage larvae which wander through the 
deep tissues, producing a variety of clinical condi- 


‘tions depending on the site of infection. ‘The most 


serious of these is involvement of the eyes and this 
may lead to blindness. This condition has been 
mistakenly diagnosed as a glioblastoma and the eye 
has been unnecessarily enucleated, 

Diagnosis. Almost exclusively immunological, 
usually requiring specialist interpretation. 


Wuchereria bancroiftii 


Common name. Filanal worm. 

Host. Man and mosquitoes (the vector). 

Geographical distribution. Tropical Africa, Far East, 
Pacific Islands, West Indies, and parts of South 
America. 

The parasite. ‘The female is about 10 cm 0.25 mm, 
and the male less than half this size. The adults 
inhabit the lymphatics of the lower and upper limbs, 
and also the groin. The adults are long-lived (up to 
17 years), but unless recovered by biopsy are never 
seen. The fertilized fernale regularly produces large 
numbers of larvae (microfilariae) that are found in 
the blood. These exhibit nocturnal periodicity, the 
greatest numbers being found at night between 
22.00h and 02.00h. This phenomenon has not 
been totally explained, but the time when the micro- 
filariae appear in their greatest mumbers coincides 
with the time of biting of the blood-sucking vectors. 
Periodicity may be reversed by altering the sleep 
pattern (an important fact to remember if the patient 
is a might worker). [he miucrofilanae are about 
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250-300 x 7.5-10 Um and are enclosed in a thin 
transparent sheath which 1s slightly longer than the 
larva itself. The main body of the larva contains a 
large number of nuclei (seen in the stained speci- 
men), and in this species the nuclei do not extend 
to the end of the tail. The pathology caused by this 
parasite 1s usually a result of repeated infections 
over a prolonged period. The gross enlargements 
associated with the infection (elephantiasis) affect 
probably less than 5% of cases. Many cases of 
filariasis are asymptomatic. | 

Diagnosis. By the demonstration of the micro- 
filariae (Fig. 43.3) in blood specimens (collected 
between 22:00 h and 02.00 h) or in lymph aspirates, 
or in urine when chyle is present. The microfilariae 
must be stained for identification, and concentration 
procedures are sometimes needed.* Immunological 
tests are available but have varying degrees of 
sensitivity and specificity. 

In some areas of the Pacific the nocturnal peri- 
odicity 1s less obvious and microfilariae are found at 
other times; they are then said to be subperiodic. This 
subperiodic parasite is sometimes called W. pactfica. 


Brugia malayii 


Common name. Filarial worm, 

Host. Man, monkeys, cats, mosquitoes (the vector). 

Geographical distribution. Confined to many parts 
of the Far East. 

The parasite. The adults are morphologically 
similar to W. bancrofti but smaller. The micro- 
filariae are about 170--260 x 5-6\um. The main 
column of nuclei does not extend to the end of the 
tail, but there are two small distinctive nuclei in 
the postenor end. The microfilariae are sheathed, 
and are usually nocturnally periodic. 

Diagnosis. The same as for W. bancroftn, but 
microfilariae (Fig. 43.3) are not found in urine. 


Loa loa 


Common name. Eye worm. 

Host. Man, monkeys (possibly); Chrysops (the 
vector). 

Geographical distribution. West and Central Africa 
(usually rain forest regions). 

The parasite. The adults are thin and almost 
transparent; the female is about 7cm x 0.5mm, 
and the male is smaller 3-3.5 cm x 0.3—-0.4 mm. ‘The 
adults wander through the subcutaneous connec- 
tive tissue, producing transient swellings (Calabar 
swellings) which are often painless. Occasionally the 
adult crosses the eye under the conjunctiva, moving 
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at about 1 cm/min, and it is from this site that the 
worm is often recovered. The adults may live up to’ 17 
years. The microfilariae measure 230-300 x 6-8 jim, 
are sheathed, have nuclei that extend to the tip of 
the tail, and have a diurnal periodicity. 

Diagnosis. The recovery of the adult. The micro- 
filariae (Fig. 43.3), in the blood during the day, 
are sheathed with the nuclei extending to the up 
of the tail. A high eosinophilia of 60-90% (20 000— 
50 000/mm?*) is usually present. 


Onchocerca volvulus 


Common name. Blinding filaria. 

Host. Man; Stmulium (the vector) 

Geographical distribution. West 
Africa, Central America. 

The parasite. The female may be up to 50cm x 
0.4 mm, and the male is very much smaller 4cm x 
0.2mm. They live in the subcutaneous tissues, 
usually as a tangled mass of males and females, inside 
a fibrous nodule 1-6 cm in diameter. In America 
the nodules usually contain only three or four worms, 
but in Africa more than 100 have been reported, 
and 25-100 nodules are common. The worms may 
live for up to 17 years. The microfilariae are about 
300 x 8 um and unsheathed, the head is expanded 
(spatulate), and the nuclei do not extend to the tip of 
the tail. The microfilariae wander through the skin, 
from which they may be recovered, but are often 
found in the blood. The microfilariae live for up to 
2 years. 

Diagnosis. The examination. of excised nodules 
for adults (these nodules are often removed as an 
undiagnosed lump and sent for histological exami- 
nation). Examination of bloodless skin snips* for 
microfilariae (Fig. 43.3). Immunological tests are 
available, but have varying degrees of sensitivity and 
specificity. 


and Central 


Dracunculus medinensis 


Common name. Guinea worm, Medina worm, 
serpent worm, dragon worm. 

Host. Man, dog (possibly); Cyclops (the inter- 
mediate host). 

Geographical distribution. India, Pakistan, West 
and Central Africa, and parts of the Middle East. 

The parasite. The female is about 80 cm x 2 mm; 
the male is about 4cm long and has rarely been 
reported. Adult females are found in the subcu- 
taneous tissue, with over 90% occurring in the 
lower limbs. The head of the female worm emerges 
through a crater-like ulcer about one year after the 
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initial mfection, usually when the lower limbs are 
in contact with water, and discharges a milky fluid 
containing large numbers of coiled larvae. The larval 
form discharged in the milky-fluid is about 650 x 
23 um; it has a fully formed gut, and a long pointed 
tail, After a short interval, the discharge of further 
larvae is repeated for several weeks. The worm finally 
dies, and may be absorbed, calcified, or spontane- 
ously expelled. Secondary infections are common, 
with ulceration and cellulitis. 

Diagnosis. The written descriptions of this worm 
are among the earliest known of any helminth 
parasite. The laboratory is rarely involved in the 
diagnosis. The coiled larvae are recognized.by their 
long tail. 


METHODS 


Formal — ether sedimentation (modified 
from Allen & Ridley 1970) 


This is probably the most useful of all the concentration 
procedures, as it will concentrate most of the cysts 
and ova to be found in faeces. The ease with which 
the specimen may be examined microscopically more 
than compensates for the time and trouble taken in 
its preparation. Note. Trophozoites are destroyed by 
this method. 


1. Emulsify approximately 1g of faeces in 10m! 
water. 

2. Strain the mixture through a wire sieve 400-450 pm 
pore (a commercial nylon tea or coffee strainer is a 
useful substitute) into a beaker. 

3. Pour the filtrate into a 15 mi conical oeintrituite 
tube and centrifuge at 350 g for 1 min. Discard the 
supernatant. 

4, Add 10 mi of 10% formalin and 3m! of ethyl 
acetate, seal with a bung and shake vigorously for 
1 min (or mix for 15 seconds on a vortex mixer). 

5. Centrifuge so as to reach 600g after 2 min. 
Switch off the centrifuge and allow it to come to a stop. 
The mixture will have separated into four layers: the 


' top layer, the ethyl acetate, contains the dissolved fat; 


the second layer, a fatty plug, contains faecal debris; 
the third layer is the formalin; and the bottom layer, the 
sediment, contains the parasites. 

6. With an applicator stick, loosen the fatty plug, 
invert the tube and carefully pour away the entire 
fluid contents, leaving the sediment. When the tube 
is again held upright, enough fluid will collect to allow 
resuspension of the sediment. 

7. Mix thoroughly and examine microscopically. 
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Most laboratories now use ethyl acetate as a safer 
and satisfactory alternative to diethy! ether (Young et al 
1979, Truant et al 1981). 


Faecal concentration kits 


The use of concentration methods for faecal parasites 
is not popular with laboratory staff. The equipment is 
very basic but must be thoroughly cleaned and steri- 
lized after use, which requires a hands-on approach. 
Disposable kits based on the formal-ether method 
are now available. One such kit, FPC, produced by 
Evergreen Scientific of Los Angeles and obtainable 
from Lab M in the UK, uses a two-tube system with its 
own built-in filter. The specimen is mixed in one tube 
with the formalin, the ethyl acetate is added, and the 
second centrifuge tube is attached. The contents of 
the first tube are shaken through the built-in filter into 
the second centrifuge tube. The tubes are separated, 
the centrifuge tube is capped and centrifuged at 500 g 
for 10 min. The system works quite well. 

Advantages. A self-contained system, no equipment 
to clean, reduced odour from the specimen, less 
exposure to infection. 

Disadvantage. Cost, if many tests are to be 
performed. 


Sedimentation in water 


This simple procedure for the concentration of ova, 
other than those of schistosomes) and larvae, has 
the advantage of using a larger quantity of faeces. 


1. Remove any coarse materal by rubbing 2-3 g of 
faeces through a wire sieve into about 100 ml of water. 

2. Transfer the sieved materal to a 250 mi conical 
urine glass and add more water to a total volume 
of about 200 ml. Mix and leave to sediment for 1 h. 

3. Carefully decant and discard most of the 
supernatant water: re-suspend the sedimented mate- 
rial in 200 ml water, and allow to stand for 1 h. Repeat 
this procedure at intervals of 1h until the supernatant 
is clear. 

4, Decant the clear supernatant fluid and examine 
the sediment microscopically. 


Sedimentation in saline or glycerine 
(for schistosome ova) 


This technique is similar to sedimentation in water, but 
the water is replaced with either physiological saline 
or a solution of 0.5% glycerine in water to prevent 
the schistosome eggs from hatching. Because of the 
large size of the ova the standing time may be reduced 
to 20 min. 


Zinc sulphate flotation 


This is suitable for all types of ova with the exception 
of trematodes. It uses a zinc sulphate solution pre- 
pared by dissolving 331 g of zinc sulphate in 1 litre of 
water. The specific gravity should be 1.180; test with 
a hydrometer and adjust if necessary. 


1. Emulsity about 1 g of faeces in water and strain 
through a wire sieve to remove any coarse material. 
Transfer the filtered material to a 15m centrifuge 
tube and add water to a total volume of about 10 ml. 

2. Centrifuge at about 250 g for 2 min. 

3. Decant and discard the supernatant water, then 
re-suspend the deposit with fresh water. Repeat this 
step until the supernatant remains clear. 

4. Decant the supernatant water and half-fill the 
tube with the zinc sulphate solution and mix vigorously 
to re-suspend the deposit. Add more zinc sulphate 
solution to fill the tube to within 5 mm of the brim and 
centrifuge at 350 g for 1 min. 

5. With a wire loop, transfer some of the surface 
material to a slide and examine microscopically. 


Modified method for eggs of fasciola 


Use the technique above but substitute a zinc sulphate 
solution with a specific gravity (SG) of 1.250 (a 51% 
solution) for the SG 1.180 solution. Re-suspend the 
surface materal you remove in 10 mi of water. Leave 
for 10 min to allow the collapsed eggs to regain normal 
shape. Centrifuge at 250g for 2min. Discard the 
supernatant, and examine the deposit microscopically. 


Saturated salt flotation 


This is a very simple method for use with light infections 
of Ascaris and hookworms. 


1. Emulsify 1-2 g of faeces in a saturated solution 
of common salt (NaCl) and strain through a wire sieve 
to remove any coarse detritus. The salt solution should 
be stored in a large bottle which has a deep layer of 
excess salt in the bottom. The bottle must be shaken 
vigorously each time before it is used. 

2. Pour the suspension into a straight-walled tube 
about 75mm high until the meniscus forms above 
the brim of the tube. Apply a cover-slip to the meniscus 
and leave for 20 min. 

3. Lift off the cover-slip with an upwards motion; 
place on a slide and examine. 


Peri-anal swab 


The eggs of Enterobius are not laid in the gui and 
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must be recovered from the area of skin around the 
anus. The Graham swab is a simple and effective 
technique which has the advantage that the speci- 
men may be collected in the home first thing in the 
morning when the greatest number of eggs can be 
recovered. The swab is prepared as follows: 


1. Attach 1.5 cm of clear adhesive tape (e.g. Scotch 
tape, Sellotape) to the end of a microscope slide 
(the anchor). 

2. Pull the tape over the end of the slide and com- 
pletely cover the other side of the slide (the specimen- 
collecting area), and press the tape lightly so that it 
adheres to the slide. _ 

3. Pull out a further 2.5cm of tape and attach a 
piece of paper to the sticky side to form a non- sticky 
pulling tab and label. 

4. Cut the tape from the roll. 

5. To collect the specimen, pull the collecting area 
of tape free from the slide using the non-sticky tab 
but leaving the anchor firmly attached; this prevents 
the tape from curling up. Press the sticky side.of the 
collecting area against the peri-anal skin around the 
anus several times. Re-attach the tape to the slide in its 
original position. If necessary, this simple procedure 
may be performed by a member of the family in the 
home. 

6. No cover-slip is needed, as the specimen may 
be examined through the tape. If skin debris has made 
the tape opaque, pariially lift the tape from the slide, 
place a drop of xylene on the slide and replace the 
tape. This will present a very clean specimen for 
examination. 


Note. Specimens collected by the patient are fre- 
quently heavily contaminated with egas that are directly 
infective, and should be handled with care. 

Eggs of Jaenia may also be recovered from around 
the anus. They are squeezed out of the segments as 
these wriggle out of the anus. 

Alternatively, specimens may be collected from the 
patient with a swab moistened with physiological 
saline. The swab is then returned to the tube to which 
has been added a few mi of physiological saline. The 
tube is then agitated vigorously. In the laboratory, the 
swab is removed and pressed against.a slide. The 
saline is centrifuged at 350 g for 1 min and the deposit 
added to the slide, covered with a cover-slip and 
examined. 


Stoll dilution egg counting 


This method was originally used to count hookworm 
eggs, but it may be used to count other helminth 


eggs. 
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1. Weigh out 3g of faeces in a stoppered bottle. 
Add 42 ml of water and some glass beads (if the faeces 
are hard use 0.1 N NaOH in place of the water, and 
leave in a refrigerator for several hours to soften). Shake 
vigorously until the sample is thoroughly comminuted. 

2. Stir the suspension to ensure an even distribu- 
tion of eggs and remove 0.15ml with a wide-bore 
graduated pipette. 

3. Place on a slide and cover with a 22 x 40 mm 
cover-slip (or two 22 x 22 mm cover-slips). 

4. Count the total number of eggs in the whole 
specimen, including any in the fluid exuding around 
the cover-slip. Multiply the number of eggs counted 
by 100 to give the number of eggs/g of faeces. 


Culture method for Strongyloides 


Strongyloides larvae are usually the only larvae to be 
found in fresh faeces, but they are often too scanty 
to be detected by direct microscopic examination. 
Because of their ability to multiply within the host 
they may give rise to a hyperinfective syndrome. This 
condition may be precipitated if the patient for any 
reason becomes immunosuppressed. A culture method 
must be used to exclude occult strongyloidiasis. 
The charcoal culture method described below is 
recommended. 

A stool concentration examination should be carried 
out to exclude the presence of hookworm eggs before 
the culture is set up, as hookworm eggs will hatch 
in the culture and produce larvae which will require 
differentiation from Strongyloides. 


1. Mix about 20 g of faeces with an equal quantity 
of granular (10-18 mesh) charcoal in the LID of a 
55mm Petri dish, and moisten with distilled water to 
form a damp paste. 

2. Place the uncovered 55mm Petri dish lid in a 
90mm Petri dish and fill the larger Petri dish with 
distilled water to just below the rim of the smaller Petri 
dish. 

3. Cover the 90 mm Pets dish with its lid and place 
in an incubator at about 26°C (room temperature in 
most laboratories is usually sufficient). . 

4. After 6-10 days examine the water in the 90 mm 
Petri dish, using a hand lens or a stereomicroscope, 
for the presence of the actively motile third-stage 
larvae. Larvae may also be found in the condensation 
drops on the underside of the 90 mm Petri dish lid. 


Warning. Wear gloves when carrying out this 
examination. 
A positive culture contains large numbers of 3rd 


stage larvae which infect by skin penetration. 
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indian ink injection method for Taenia 
segments . 


The segments recovered from a patient infected with 
a Taenia worm are usually filled with eggs and easily 
identified; however, in some cases the segments 
lose their eggs, and counting the number of uterine 
branches is then not possible. The uterus of Taenia 
is a single central tube with a number of branches 
on either side, and if the central tube is filled with 
an opaque liquid such as waterproof drawing ink or 
Indian ink it is possible to see the branches and count 
them, 


1. Place the segments in water for several hours 
to relax and expand. 

2. Wearing gloves, hold the segment so as to expose 
the blunt end, which is about 1.5 mm thick in the centre. 

3. Slowly inject the ink into the segment, using a 
syringe with a very fine intradermal needle inserted 
4—5 mm into the segment and as near as possible to 
the centre line of the segment. nt 

4. Hold the injected segment with a pair of forceps 
and wash in water to remove the excess ink. 

5. Carefully press the segment between two slides 
and examine with a hand lens. Count the primary 
branches that arise from the main stem, not the sec- 
ondary branches that arise from the primary branches. 


faenia saginata has 15-32 branches, T. solium 
nas 7-12. if the needle has missed the uterus, the 
ink will flood into the parenchyma of the segment and 
the segment will not be identifiable. If this happens, 
repeat with a fresh segment; the patient usually passes 
more than one. 
Warning. The fluid that exudes from the segment 
may contain a large number of eggs, even the fluid 
from segments that appear to be empty. The eags of 
T. solium are infectious. 


Urine filtration for ova of Schistosoma 
haematobium 


The urine specimen should be collected between 
11.00 h and 14.00 h, which is the time of maximum egg 
excretion. Terminal drop specimens offer no advantage 
and are difficult to collect. 


1. From a well mixed specimen withdraw 10 ml of 
the urine sample into a syringe. 

2. Eject the specimen through a 25mm diameter 
Swinnex filter support (Millipore) containing a 25 mm 
diameter Nuclepore membrane 12\1m pore size 
(Bibby Sterilin). 

3. Disconnect the syringe, fill it with air, and eject the 
air through the filter. Repeat this procedure 2-3 times, 


SO as to empty the syringe of urine completely and 
assist any eggs to adhere to the filter membrane. 

4. Remove the membrane from the holder, place it 
face upwards on a slide and add a drop of physiological 
saline to prevent it from drying. 

9. Examine microscopically under low magnification 
(x10). The eggs of S. haematobium are quite large 
and easily seen. 


Muscle biopsy digestion for Trichinella 
spiralis 

The recovery of larvae from muscle biopsy offers the 
best chance of diagnosis in infection with Trichinella 
spiralis. 

A 1g sample of muscle from either the biceps or 
gastrocnemius muscle is usually sufficient. A small 
portion of the sample should be compressed between 
two slides and examined under the microscope for the 
lemon-shaped cysts (0.5 mm x 200 ppm) each contain- 
ing one or more larvae. The remainder of the sample 
should be digested. 


i. Cut the muscle inio small pieces. 

2. Place in a solution of 2% pepsin in physiological 
saline containing 0.5% HCl in a 37°C incubator and 
leave for 30 min. 

3. Examine the sediment for the released larvae. 


Giemsa’s stain for microfilariae 


1. Make a thick smear of blood, using a haemoglobin 
pipette to deliver 20 mm*® of blood on to a grease-free 
slide. Spread out the blood until the smear is thin 
enough to read print through, and allow to dry in air. 
preferably overnight. 

2. Carefully flood the slide with distilled water to 
dehaemoglobinize the specimen, and when the smear 
is completely colourless, dry in air. 

3. Fix with methyl alcohol for 1 min and dry in air. 
Stain with a 3% solution of Giemsa’s stain in buffered 
water, pH 7.2 (see below), for 1h, making sure that 
the slide is either resting on its edge in a staining 
trough, or is blood-side down in a staining tray, to 
prevent undissolved particles of stain from sedimenting 
onto the slide. 

4. Wash the siide briefly in running water; Do not 
over-wash. Aliow to dry in air and examine. Gently 
smear a little immersion oil over the smear and examine 
with a x10 and x40 objective. 


Phosphate buffer solution. Potassium dihydrogen 
phosphate (0.7 g) and disodium hydrogen phosphate 
(1g) in 1 litre distilled water. Tablets are available 
commercially to make up this buffer solution (Merck). 
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With this stain, the sheaths of some microfilariae 

are differentially stained. The sheath of Loa /oa is 
unstained. The sheath of Wuchereria bancroftiis lightly 
stained blue to pink. The sheath of Brugia malayii.is 
deeply stained pink. 
Warning. Not all Giemsa stains give this colour 
difference. The most common cause of bad staining 
when using a Romanowsky stain such as Giemsa 
is contamination of the stock bottle of stain with water. 
Always use a small bottle of stain for everyday use and 
keep the stock bottle firmly stoppered in the dark. 


Haematoxylin stain for microfilariae 


Mayer, Delafield, Ehrlich, or Harris haematoxylin stain 
may be used. Note. Staining times may vary slightly 
between the various stains and even between different 
batches of the same stain. } 

The slide is prepared in the same way as for 
Giemsa’s stain. 


1. Flood the slide with hot (not boiling) stain and 
leave for 7—10 min. 

2. Wash off the stain in running tap water and 
examine the slide microscopically while it is still wet to 
check that the nuclei have stained. If understained, 
add more hot haematoxylin stain and leave for a few 
min. If overstained so that the nucle! appear as an 
undifferentiated mass, differentiate with acid alcohol 
(1% hydrochloric acid in 70% alcohol) for 10 seconds, 
wash in water and examine. Repeat as necessary. 

3. Wash the slide in running tap water (slightly 
alkaline) for a few min to blue the nuclei. Allow to dry 
and examine as with the Giemsa-stained slide. As a 
known quantity of blood is examined, the number of 
microfilariae per ml of blood can be calculated. 


Biood filtration for microfilariae 


Venous blood is collected in a suitable anticoagulant. 
Any microfilariae present will stay alive for about 2 
days at room temperature, and at 4°C for up to 1 week, 
but they need to be returned to room temperature 
before they again become motile. This is a very 
sensitive method because of the large amount of blood 
examined. 

About 5 mi of whole blood and 3 mi of air are taken 
up in a 10 ml syringe. 


1. Prepare a Swinnex 25 mm filter holder (Millipore) 
with a 3m pore Nuclepore filter membrane (Bibby 
Sterilin) and place a pad of Whatman's No. 1 filter paper 
undemeath the membrane filter for support. 

2. With the syringe in a vertical position, gently 


Tle 


force the blood downwards through the filter; the air in 
the syringe allows all the blood to be expelled. 

3. Wash the membrane by passing about 20 mi 
of filtered physiological saline through the filter. The 
saline is prepared by filtering it through a 1 um pore 
membrane to remove any debris. 

4. Carefully remove the membrane from the filter 
holder, and with fine forceps place it face upwards 
on a microscope slide. Add a drop of filtered saline, 
cover with a cover-slip, and examine with a x10 
objective for motile microfilariae. 


Staining. For specific identification It will be neces- 
sary to stain the microfilariae. The staining may be 
performed in situ. 


1. Allow the membrane to dry in air at room 
temperature. 

2. Fix in methanol for 30 seconds and dry in air. 

3. Stain in Giemsa stain diluted 1 in 5 with water 
buffered at pH 7.2 for 20 min. 

4. Dehydrate and clear the membrane by passing 
it successively through-70% alcohol, 90% alcohol, 
absolute alcohol, and finally xylol; 2min in each is 
usually sufficient. 

5 Mount the membrane on a microscope slide. 
Immersion oil may be used as mountant for immediate 
examination, or a neutral mounting medium for a 
permanent preparation. (Do not use Canada balsam 
as it causes the colour to fade.) 


Knott’s method. This is an old, less sensitive 
method, but it is very easy to perform and requires 
no special equipment. 


1. Add 1 ml of blood to 9 ml of 1% formalin and mix. 

2. Centrifuge at 350 g for 10 min, and discard the 
supernatant fluid. 

3. Add one drop of 0.1% methylene blue, mix, and 
examine the deposit. 


Skin snips for Onchocerca 


The microfilariae of O. volvulus migrate through the 
skin. It is necessary to obtain a bloodless skin sample 
to examine and so avoid confusion with the many 
species that occur in the blood. 


1. Clean the sample site with spirit and dry. 

2. Hold a needle almost parallel to the skin surface; 
make a shallow insertion with the needle point, and 
lift the skin to form a small biood-free cone. 

3. Cut off the apex of the cone with a sharp razor 
or scalpel blade held parallel with the skin surface to 
yield a piece of skin about 3 mm in diameter, 0.1—-1 mm 
deep. 
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4. Place the snip on a microscope slide in a drop 
of physiological saline, cover with a cover-slip, and 
seal the edges with Vaseline petroleum jelly to prevent 
drying. Leave at room temperature for about 30 min. 

5. Examine microscopically for active microfilariae 
that have migrated into the saline. 

6. Remove the cover-slip and the skin snip carefully 
so as to leave the microfilariae on the slide; allow to 
dry in air, fix with methanol, and stain with Giemsa as 
for blood microfilariae. 


The skin snips should be collected from several sites, 
especially shoulders and buttocks, and if the patient 
is from the Yemen from the lower calf. If the patient is 
from West or Central Africa the microfilariae recovered 
must be differentiated from those of Mansonella 
streptocerca, which is also found in the skin. 


Sputum examination 

Sputum may contain eggs of Paragonimus, scolices 
from a ruptured hydatid cyst, and in immuno- 
compromised patients larvae of Strongyloides. \i the 
sputum is from a patient with a suspected amoebic 
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Trichinella’ °° ~~ ~Encysted larva” ~~ Ingestion: 
-Joxocara. ~ “Embryonated egg Ingestion 
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abscess, a direct specimen should be examined imme- 
diately for amoebae while maintaining a temperature 
of 37°C. 

1. Thoroughly mix the whole specimen with an 
equal volume of 3% sodium hydroxide (NaOH) solution 
and leave for 10 min. 

2. Centrifuge at 600 g for 10 min. 
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3. Decant the supernatant fluid and examine the 
deposit microscopically. 


Rectal snips for schistosome ova 


1. Place a piece of tissue on a microscope slide, 
and add a drop of physiological saline. 

2. Place another slide on top, and firmly press the 
two slides together, producing a ‘crush preparation’. 
Examine the preparation microscopically, using the 


The eggs of schistosomes are frequently found in 
various tissues, including the rectal mucosa, and 
examination of the mucosa is a useful method of diag- 
nosing infection when no eggs have been recovered 
from either urine or faeces. Several 1-2 mg pieces 























top slide as a cover-slip. 


Schistosome eggs are large and easily seen. Freshly 
passed eggs contain miracidia and should show some 
movement. Older eggs show signs of degeneration, 
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Hymenolepis Enterobius Hookworm Ascaris (decorticated) 


Fig. 43.1. Helminth eggs. 
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Ascaris lumbricoides 





Enterobius vermicularis 


DIAGNOSTIC CHARACTERS OF HELMINTH LARVAE 
First stage larva First stage larva 
with short buccal cavity with long buccal cavity 
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Larva encysted in muscle 


Third stage larva 
with notched tail 





Trichinella spiralis 





Strongyloides stercoralis Hookworm 


Fig. 43.2 Diagnostic characters of helminth adult and larval forms. 
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Wuchereria bancroftii Brugia malayii Loa loa 
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Nuclei to tip 
of tail 

Nuclei not to . 

tip of tail 


Onchocerca volvulus Mansonella streptocerca 


Fig. 43.3. Diagnostics characters of microfilariae. 
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Immunofluorescence and 


immunoelectronmicroscopy: some selected aspects 
of light and electron microscopy 


F. J. Gowans 





The advanced design and function of light micro- 
scopes and electronmicroscopes is complemented 
by comprehensive and authoritative literature from 
the main manufacturers. It seems superfluous there- 
fore to review again the instructions on the basic 
design, principles and use of the microscope given 
in previous editions of this book (see, for example, 
Ch. 2 13th edn) and in other texts (see, for exam- 
ple, Locquin & Langeron 1978, Spencer 1982, 
Rawlins 1992). Instead, this chapter concentrates 
on practical aspects of microscopy particularly re- 
lated to immunostaining. Most of these applications 
relate to the detection of microbial antigens, but 
it is also possible to detect antibody responses to 
specific organisms by an indirect immunostaining 
method. 

This is not of course to devalue the contribution 
of and requirements for routine light microscopy in 
medical microbiology. For example, the examination 
of Gram-stained films and Ziehl—Neelsen stained 
preparations for mycobacteria, and the detection of 
mycoplasma colonies by low power microscopy are 
no less important today than in the past; again, 
darkground microscopy to examine for Leptospira 
species and other spirochaetes, and phase-contrast 
examination of bacterial and mammalian cells also 
remain important (see detailed descriptions in Ch. 2 
13th edn). The microscopic examination of cell 
cultures for cytopathic efiects resulting from virus 
replication is still a cornerstone activity of many diag- 
nostic virology laboratories, although being replaced 
in others (see Chs 38 and 40). Many prokaryotic 
and eukaryotic cell quantification procedures are 
heavily dependent on light microscope examination 
of cell suspensions in a haemocytometer, although 
automated methods exist. The particular applica- 
tions are dealt with in the relevant chapters of this 


book. 


LIGHT MICROSCOPY 


Choice of microscope 


The choice of microscope will be influenced by a 
number of factors including cost, desired features, 
frequency of use, resolution required and the need 
for photomicrographic facilities. There is a large 
range of microscopes which differ substantially in 
cost. However, the major element of cost arises from 
the quality of the objectives; it is prudent to examine 
the types of objectives available and relate this to 
potential uses. 

Essenually, four types of objective are in common 
use: (1) achromatic — these objectives are corrected 
for 2-colour chromatic aberration and 1l-colour 
spherical aberration, and are suitable for most 
routine work which does not require high resolution; 
(2) fluorite (designated FL) — these objectives are 
well corrected for chromatic aberration and spherical 
aberration and, although they are not corrected 
for field curvature, they are suitable for photomicro- 
graphy and high power work; (3) plan-achromatic 
(PLAN) — these are corrected for field curvature 
but otherwise are similar to good achromats and 
are suitable for a wide range of functions including 
photomicrography; (4) plan-apochromanc (PLAN- 
APO) — these combine many of the above features, 
and are corrected for field curvature, 3-colour 
chromatic and 2-colour spherical aberration. Conse- 
quently, these objectives provide excellent whole 
flat-field images and high resolution and are ideal 
for colour photomicrography, but their high cost mav 
not be justified in a routine laboratory setting. 

Any combinauon of these objectives can be mounted 
on the noseptece of a modern microscope and should 
be used with specific compensating eyepieces. All 
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modern microscopes will also have an in-built light 
source coupled with a high-resoluuon condenser 
capable of Kdhler illumination for bright-field micro- 
scopy, and optional phase-contrast and darkfield 
facilities. 
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IMMUNOFLUORESCENCE MICROSCOPY 


This requires a microscope equipped with incident 
light illumination (epi-illumination; Ploem illumi- 
nation) and appropriate excitation and barrier filter 
combinations. The excitation and emission spectra 
of commonly used fluorochromes for immuno- 
fluorescence are shown in Table 44.1. 

The essential features of incident light illumination 
are a suitable high-pressure mercury vapour lamp, 
wavelength-specific excitation filters and a dichroic 
mirror which directs the excitation light on to the 
sample from above. Positive samples return emitted 
light of a longer wavelength which passes through 
the dichroic mirror and the barrier filters to create an 
image in the eyepiece. All microscope manufacturers 
now offer incident light illumination which floods the 
sample with light of the correct wavelength, achieved 
by the use of fluorochrome-specific filter pods. One 
need only specify to the microscope manufacturer 
the nature of the fluorochromes to be used. Indeed, 
it is now possible to purchase dual wavelength- 
specific filters that are specifically designed for dual 
labelling experiments (described below). In addition 
to the built-in barrier filter, some microscopes have 
optional, selectable barrier filters which mncrease the 
specificity of the fluorescent signal. For a succinct 
description of filter combinations for tmmuno- 
fluorescence and some details of methods see Birk 
(1984). 


Immunostaining methods 


In general terms, antigens can be detected by three. 
different methods: (1) by a direct conjugate, (2) by 
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an indirect method, or (3) by a multilayer method. 
Methods (1) and (2) are commoner in the practice 
of microbiology, whereas the multilayer procedure 


_is popular in histopathology. The principles of these 


methods are shown in Figure 44.1. A choice has 
also to be made between the use of fluorochrome- 
or enzyme-labelled conjugates. In the view of the 
author, immunofluorescence (IF) rather than immuno- 
peroxidase (IP) procedures are, still the method of 
choice for the microscopic detection of microbial 


pathogens. Immunoperoxidase or other enzyme- © 


based assays suffer from the presence of endogenous 
enzymes in clinical samples, although these enzymes 
can be eliminated. However, immunofluorescence 
has no such problem, and is in any case faster and 
more sensitive. Furthermore, bacteria that have 
been stained with an enzyme-labelled conjugate often 
show poor contrast with the tissue or eukaryotic cells 
also present in the sample. Nevertheless, immuno- 
peroxidase is a useful method for antigen detection 
if co-localization of antigen with specific nucicic 
acid is required; the procedure is described below. 

In the direct procedure (Fig. 44.1A), the antibody 1s 
conjugated directly to the fluorochrome or enzyme. 
For fluorescence, fluorescein isothiocyanate (FTTC) 
is most commonly used, tetramethyl rhodamine 
isothiocyanate (TRITC) is the next most popular. 
The advantages of a direct conjugate include speed 
and high specificity, but it is inconvenient to prepare 
a conjugate from each individual antibody used. ‘The 
direct procedure is particularly useful if a human 
convalescent serum is the only available antibody 
with activity for a particular antigen and especially 
when clinical samples contain immunoglobulin 
formed by the patient. Direct conjugates are also 
useful in double-labelling experiments. A limitation 
of the method is that conjugation is not infrequently 
accompanied by some loss of antibody potency. 
‘Thus, as the serum is only of moderate potency at the 
Start, a direct conjugate may be of limited value. In 
this circumstance the indirect procedure (Fig. 44.1B) 
rnay be a more satisfactory approach, Here, the pri- 
mary antibody (1: commonly raised in rabbits) is 
generally detected with a species-specific conjugated 
antibody (2). Consequently, this procedure allows a 
single conjugated antibody, e.g. anti-rabbit FITC, to 
detect any rabbit antibody used as the first or primary 
antibody. 

Multilayer methods are generally used to increase 
sensitivity. Thus, a multilayer peroxidase—anti- 
peroxidase complex (PAP, Fig. 44.1C) is often used 
to detect viral antigens, particularly in formalin-fixed 
tissue in which antigen immunoreactivity has been 
reduced by the fixation process. The avidin—bioun 
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(©): = Enzyme and product from substrate 
F = Fluorescent group attached to antibody 
1-4 = Antibodies in side arm 


y-F 


Fig. 44.1 A diagrammatic representation of the methods available for immunostaining. 

A. Direct conjugate: the antibody (1) is-labelled with enzyme or fluorochrome. B- Indirect 
method: the primary rabbit antibody (1) is detected with a conjugated antibody (2), e.g. 
FITC-conjugated sheep anti-rabbit. C. PAP method: the rabbit antibody (1) is followed by a 
swine anti-rabbit reagent (2) which binds to the primary antibody and to the PAP 
(peroxidase—rabbit antiperoxidase) complex (3) which follows. D. Nove! multilayer method: the 
rabbit antibody (1) is followed successively by sheep anti-rabbit FITC (2), a mouse monoclonal 
antibody to FITC (3), then an anti-mouse FITC or peroxidase conjugate (4). 


Antibody against fluorescein 
Fluorescein (or enzyme) conjugated anti-mouse 
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complex (ABC) system is a satisfactory alternative to 
the PAP system (Hsu et al 1981). We have recently 
developed a novel fluorescent multilayer procedure 
(Fig. 44.1D) to detect hepatitis C virus antigens 
present at low levels in formalin-fixed liver biopsy 
samples (Blight et al 1993). 

In addition to the above methods, the first or 
primary antibody may also be detected with FITC- 
conjugated protein A, although this is useful only if 
the primary conjugate is IgG. Biotin-conjugated 
primary antibodies can be detected with a second 
layer of FITC-conjugated avidin or streptavidin. 
Gold-conjugated secondary antibodies are also avail- 
able. However, none of these alternatives provides 
any real technical advantage over the commonly used 
FITC-conjugated secondary antibodies, although 
admittedly it seerms that few direct comparisons 
have been made of the relative sensitivities. 

Typical examples of the microbial applications of 
direct or indirect IF are the detection of Legionella 
organisms in sputum smears, bronchial lavage speci- 
mens or impression smears from infected organs, 
or Chlamydia or Coxiella organisms in smears from 
infected ovine placentas or yolk sac membranes. 

In the period shortly after the introduction of 
immunostaining, much use was made of the indi- 
rect technique to measure antibody in serum with 
virus-infected cells or microdots of organisms on 
slides as the target antigen (see Nairn 1976). At the 
present time many of these applications have been 
replaced by enzyme immunoassay, which in its 
automated form is less labour-intensive and requires 
less interpretative experience. Examples of some 
current applications which still retain the approach 
are the assay of antibody to delta virus antigen 
(Gowans et al 1990) and measurement of antibody to 
Coxiella burnett in the IgG, IgM, and IgA globulin 
classes of human serum (Worswick & Marmion 


1985). In such instances, bacterial cells or other. 


antigen~positive target cells are cultured or spotted 
on to the microscope slide and then fixed. The 
patient’s serum (often diluted 1 in 5, 10 and 20, or 
tested over a wider range of dilutions) is carefully 
layered over the preparations, and incubated. Bound 
antibody is then detected with anti-human globulin- 
FITC. The procedure may be adapted to detect 
igM- or IgG-specific antibody by the use of the 
appropnate conjugate. The major advantage of this 
type of assay is convenience and low cost, particularly 
if the throughput of samples is not large. 


Source of reagents 


A very wide range of antisera suitable for the diagnosis 
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of microbial infections is available commercially; 
these include hyperimmune antisera, used as the 
primary antibody, and the complementary conju- 
gates or other reagents used to visualize bound pri- 
mary antibody. It is beyond the scope of this chapter 
to recommend particular commercial sources of 
antisera for specific applications. Reference may 
be made, for example, to Linscott’s Directory of 
Immunological and Biological Reagents (1990-91) 
for a systematic account. In our experience, for 
example, reagents from Dakopatts and Boehringer 
are of high quality, but this is not to suggest that these 
are superior to those from other companies. 

Many of these antisera are likely to have been 
affinity-purified against the homologous antigen, so 
that minimal cross-reactions with other unrelated 
antigens can be expected. However, if non-specific 
staining is a problem, a number of procedures to 
recluce or eliminate this are described below. Micro- 
scope slides may require some preparation before 
use in some applications, also described below. 

If antibodies specific to the microbial or viral 
antigen of interest are not available commercially, it 
may be possible (1) to prepare a hyperimmune 
antiserum ‘in house’, (2) to use human convalescent 
serum, or (3) to prepare anti-peptide antibodies. The 
preparation of hyperimmune antisera may present 
difficulties for. some diagnostic laboratories, essen- 
tially because the immunogen requires to be highly 
purified. However, the preparation of anti-peptide 
antisera and human sera for use in immunofluores- 
cence is relatively straightforward, as described 
below. When a high-titre, specific, convalescent- 
phase sample of serum is identified, the patient 
should be asked to donate a substantial volume — say 
100 ml — of blood so that there will be a volume of 
serum which can be fully characterized and which 
will last over many test runs. In theory, the IF or 
IP activity of a human convalescent serum should 
be controlled by an ‘acute-phase’ serum taken earlier 
in the illness from the same patient. In practice this 
is seldom achieved as the volume of acute-phase 
serum submitted is often restricted and exhausted 
in multiple testing. Nevertheless, such a control is 
important, and the use of a ‘normal’ human serum 
which lacks the specific antibody may be an appropriate 
alternative. 


Counterstaining 


In some circumstances when using immunofluores- 
cence methods it is useful to stain the sample, 
particularly cell smears, weakly with a counterstain. 
This has the benefit of outlining cell morphology 
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and permits an evaluation of the proportion of cells 
which stain positive with FITC conjugates. 


Preparation of microscope slides 


Although multi-well slides may be purchased they 
are easily prepared by spotting 50—100 ul of glycerol 
(depending on the desired size of each well) in the 
required pattern on the slide, and then spraying 
the slide with Teflon. When the Teflon is dry, the 


. glycerol is washed away and the slide may be heat 


sterilized if necessary. With other applications using 
frozen tissue sections, e.g. brain biopsy samples, 
the use of 3-aminopropyltriethoxy-silane (APES, 
Sigma)-coated slides (Maddox & Jenkins 1987) may 
be of benefit. The coating helps to retain the tissue 
section if problems are encountered with section 
detachment and joss during the staining process. 
The slides are simply dipped in 2% APES in ethanol 
for 30 seconds, rinsed in ethanol then in distilled 
water and dried in a vacuum oven at 80°C. 


Preparation of anti-peptide antisera 


The use of synthetic peptides in diagnostic virology 
has been reviewed recently (Leinikki et al 1993). The 
ability to choose a peptide as an immunogen depends 
on the availability of published information on the 
nucleic acid sequence of the gene coding for the 
protein of interest. There are a number of computer 
programmes available to predict antigenic epitopes 
(Leinikki et al 1993), and one of the most useful was 
described by Hopp & Woods (1981), which predicts 
antigenic residues from hydrophilic stretches of 
amino acids. The chemical synthesis of the peptide 
is best performed by a commercial company; the 
cost is not prohibitive. It is often necessary to link 
the peptide to a protein carner to enhance immuno- 
genicity by one of several methods; conjugation to 
peroxidase by glutaraldehyde has proved successful 
in our hands. 


Peptide-carrier conjugation and 
immunization 


To 2 ml of 5 mg/ml protein carrier, e.g. peroxidase, 
keyhole impet haemocyanin, or bovine serum albu- 
min (BSA), in borate buffer pH 10.0, add in se- 
quence: (1) 10 mol (c. 10 mg) synthetic peptide in 
PBS, then (2) 1 ml of freshly prepared 0.3% glutaral- 
dehyde in borate buffer pH 10.0. (3) Sur at room 
temperature for 2h; the solution will turn yellow. 
(4) Add 250 ul 1M glycine. Mix and incubate at 
room temperature for 30 min. (5) Dialyse against 


large volumes of borate buffer pH 8.5 overnight at 
4°C with 2—3 changes of buffer. (6) Store reagent at 
4°C or -20°€. 


0.1 M borate buffer 0.1 M borate buffer 


pH 10.0 PH 8.5 

0.618 g borie acid 18.55 g boric acid 

c. 90 ml H,@ c. 2.51 ml H,O 

Add 10 M NaOH Add10 M NaOH 
to pH 10.0 to pH 8.5 

H,0O to 100 ml H,O to 3 litres 


> 
This protocol is adapted from an original by Collawn 
& Paterson (1989). 


For immunization, adjust the concentration of 
the peptide-protein conjugate to 2 mg/ml. Emulsify 
2 ml of the preparation with 2 ml Freund’s complete 
adjuvant, and inject by the subcutaneous route into 
5—6 sites in-a rabbit. Boost 4 and 8 weeks later with 
the antigen in Freund’s incomplete adjuvant. Test 
bleed. If necessary, antibodies to the carrier protein 
can be removed by batch adsorption, or the anti- 
peptide antibodies may be affinity-purified using the 
peptide coupled to a different carrier protein. Both 
methods are described below. 


Fluorochrome conjugation of antibodies 


The quality of an antibody or conjugate is dependent 
on the titre, avidity and specificity, and as suggested 
above, most commercial companies take steps to 
ensure the quality of their reagents. Likewise, the 
quality of ‘in-house’ reagents will be greatly improved 
by the inclusion of two steps prior to conjugation. 1. 
As the reactive fraction in most hyperimmune and 
human convalescent sera is likely to be IgG, it is 
useful to purify the IgG fraction before conjugation. 
2. Antibodies which are more highly specific and 
of higher avidity can also be prepared by affinity 
chromatography using purified antigen. 


Preparation of immunoglobulin G fraction 


The IgG fraction of the serum is isolated using a 
protein-A column. Load 2--5 ml of clarified serum on 
to 2 50m! column of protein A-Sepharose CLAB 
(Pharmacia) at 15 ml/h. Leave the sample in the 
column for. 30 min then wash with PBS pH 7.2 
(30 ml/h) ‘uatil the wash solution is free of protein 
(no absorbance OD at 280 nm). Elute the IgG from 
the column with 0.58% acetic acid in 0.15 M NaCl 
pH 2.7 (20 ml/h); collect 3 ml fractions and adjust 
immediately to pH 7.2 with NaOH. Identify IgG- 
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positive fractions (by positive absorbance, OD at 


280 nm), pool and concentrate to 2 mg/ml. Dialyse 
against PBS. 


Affinity purification of antibodies 


Affinity-purified antibodies are conveniently prepared 
‘by column chromatography. The antigen is first 
coupled to an agarose bead support, e.g. Sepharose; 
the antibody is bound to the antigen on the solid 
phase, then eluted. We have found cyanogen bro- 
mide (CNBr) activated Sepharose 4B (Pharmacia) 
to be satisfactory. Native antigen or peptide—carrier 
conjugate can be linked to the column. When the aim 
is to improve the quality of an anti-peptide antibody, 
the most convenient procedure is to couple the 
peptide to an unrelated protein carrier and then to 
attach this conjugate to the Sepharose. Passage of the 
antiserum through the column will result in antibody 
being bound to the unique peptide moiety, with 
efficient purification. A number of commercial com- 
panies supply activated beads or non-activated beads 
which can be activated in individual laboratories 
(Harlow & Lane 1988). For most workers, the added 
convenience of activated beads offsets the increased 
cost. The method to link the protein to activated 
beads is as follows: 


1. Swell and wash lg of CNBr-activated 
Sepharose 4B in 200 ml of 1 mM HCl. 

2. Dissolve the peptide—carrier conjugate in 0.5 M 
NaCl, 0.1 M NaHCoO,, pH 8.3, and adjust the final 
concentration to 10 mg/ml. 

3. Mix the swollen gel with an equal volume of the 
peptide—carrier conjugate solution in an end-over- 
end manner and hold at 4°C overnight. 

4. Wash the beads twice in the above buffer. 

5. Add 10 volumes of 100 mM ethanolamine pH 
7.5; incubate at 4°C overnight or at room temperature 
for 2-4 h. 

6. Wash the beads in PBS and then prepare a 
column, 


Load the serum on the column as described above 
for the protein-A Sepharose column. Elute the anti- 
body and collect 2 ml fractions. It is common to 
use a strong salt solution for elution but if this is 
not successful, then stronger dissociating agents, 
e.g. 0.1 M glycine, 8 M urea, can be used. To obtain 
the highest affinity antibodies concentrated in a 
small volume, it is often useful to invert the column 
prior to elution. 

Full details of these procedures are available from 
Pharmacia who supply Sepharose 4B, or Bio-Rad 
who supply Affigel 10, a suitable alternative. It is 
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also possible to decrease background staining with 
antibodies prepared to peptide—carrier conjugates 
by batch adsorption against the protein carrier (see 
reduction of non-specific staining below). 


Conjugation step (Nairn 1976) 
The protocol for the conjugation of IgG to FITC 


or TRITC to IgG is similar but only a method for © 


FITC conjugation is presented because FITC is used 
more commonly. 


1, Take 1.5 ml IgG solution (20 mg/ml). 

2. Add 0.5 ml 0.2 M Na,HPO, pH 9.0 and stir 
well. : 
3. Then add I ml 0.1M Na,HPO, containing 
500 mg FITC (BDH). , 

4. Adjust to pH 9.5 with 0.1 M Na,PO,, adjust 
total volume to 4 ml with PBS and incubate at room 
temperature for 30 min. 

5. Cool to 4°C, centrifuge lightly to remove any 
precipitate. 

6. Dialyse against PBS at 4°C with several changes 
for48h.. - 


It 1s often necessary to adsorb the conjugate against 
tissue homogenates to remove non-specific anti- 
bodies (see below) or treat with other methods 
designed to improve the specificity. 


Purification and evaluation of antisera 
and conjugates 


Direct conjugates prepared ‘in house’ are especially 
likely to require treatment to improve the specifity of 
the final product. Treatment comprises removal of 
(1) non-antibody-conjugated proteins (these should 
be minimal if protein-A-purified IgG was used in 
the conjugation procedure), (2) unconjugated aggre- 
gated fluorochromes, and (3) superconjugated anti- 
body molecules. ‘These procedures are outlined below. 

The reagents should be evaluated initially by 
testing against known positive and negative control 
samples, and thereafter by titration. The aim is to 
increase the specificity by using the highest dilution 
of conjugate which shows no loss of staining inten- 


sity and is likely to contain minimum levels of © 


non-specific or contaminating antibodies of other 
specificities. It is also desirable to compare the 
staining pattern of a positive control antigen and a 
range of microbial antigens that are not expected 
to stain. 

If the use of optimal! dilutions fails to eliminate 
troublesome cross-reactions or positive staining in 
the negative control samples, then a number of 


—— 


— ——— 





ye 


procedures can be used to improve the quality of the 
reagent. In practice it is often necessary to combine 
a number of the following procedures. 


Reduction of non-specific staining 


Removal! of fluorochrome precipitates 


Any FITC- or TRITC-conjugate will inevitably con- 
tain a proportion of disassociated and precipitated 
fluorochrome, increasing on storage, which may often 
cause problems. Thus it is essential to centrifuge 
the conjugate in an Eppendorf centrifuge for 5 min 


“immediately before use. 


The use of protein carriers or blocking agents 


The reagents (direct conjugates, primary and second- 
ary antibodies) may be diluted in PBS containing 
a protein carrier, e.g. 1% BSA. Alternatively, the 
sample can be pre-incubated in a blocking reagent 
prior to the addition of the specific reagents. Gener- 
ally, the blocking reagent is an antibody-free serum 
derived from the species in which the secondary 
antibody was raised. For example in a reaction using 
a primary antibody made in a rabbit and subse- 
quently detected with antiserum to rabbit IgG made 
in sheep, blocking with a 1-in-5 dilution of normal 
sheep serum may significantly reduce the back- 
ground staining. 


Adsorption of antibodies with tissue 
homogenates or protein carrier 


The degree of non-specific staining may often be 
improved by adsorption with tissue homogenates. 
The use of human or pig liver homogenates 1s com- 
mon, and the pig liver homogenate may be purchased 
commercially. However, most medical laboratones 
will have access to human post-mortem liver samples, 
and the following protocol has been used successfully 
in our laboratory for many years. 

A walnut-sized piece of liver sample obtained at 
autopsy is frozen in liquid nitrogen, then pulverized 
with a hammer. The frozen powder is passed through 
a kitchen sieve and collected in a beaker containing 
ice-cold PBS, pH 7.2. The homogenate is washed 
with cold PBS until the supernatant fluid is clear 
and stored at —20°C in 5m! packed volumes until 
required, Alternatively, the packed material can be 
dried with acetone. For use, the wet homogenate 1s 
thawed, washed once with PBS, mixed with an equal 
volume of antibody at twice the expected working 
dilution and incubated at 37°C for 1 h, and then at 
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4°C overnight. The mixture is centrifuged at 4°C at 
10000 g for 10 min to remove the homogenate, 
and the supernatant collected, sterilized by passage 
through a syringe filter, titrated and stored at —20°C 
in small aliquots at the working dilution. The dried 
homogenate is used in a similar manner. 

Antibodies to the protein carrier in antisera raised 
to peptide—carrier conjugates may be adsorbed in a 
similar manner with thé protein carrier as an alter- 
native to affinity chromatography (described above) 
to increase the specificity of the antibody, should this 
be a problem. 


lon-exchange chromatography 


In some circumstances, not well defined, some IgG 
molecules become superconjugated during the FIT'C- 
conjugation process. These molecules often bind in a 
non-specific manner and are generally removed by 
the tissue adsorption step described above. However, 
if this fails, they can be removed by ion-exchange 
chromatography (Nairn 1976) as follows: 


Equilibrate a DEAE-cellulose (DE 52, Whatman) 
column with 0.1 M NaCl, 5mM Na,PQO,, pH 7.2, 
and then pass the conjugate through it. Super- 
conjugated IgG molecules will be bound. Collect, 
pool and concentrate (if mecessary) the FITC- 
containing fractions, Superconjugated molecules can 
be removed from the column by a linear salt gradient 
and the column then ré-equilibrated as above. 


Detection and localization of microbial 
antigens by immunofluorescence 


A typical sample may be prokaryotic or eukaryotic 
cells, including clinical samples such as nasopharyn- 
geal aspirates (NPA), or tissue sections, ©¢.g. brain 
biopsy. Since NPA are often submitted to the labo- 
ratory, a protocol for the preparation of these sam- 
ples is given as an example (see also Ch. 39). Other 
specimens are treated similarly, before the acetone 
fixation step. 


Preparation of NPA for immunofluorescence 


1. Spin the sample at 3000 rpm for 5 min. 

2. Remove the supernatant fluid for virus culture. 

3. Resuspend the cell pellet in 10 mj PBS, pH 7.2 
and re-centrifuge as above. 

4. Resuspend the pellet in 0.5 ml PBS. 

5. Place 50-100 pl of the cell suspension into a 
well of a Teflon-coated microscope slide. A number 
of individual wells are used to examine the sample 
for a range of viral antigens. 
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6, Air-dry the sample (cell smear or frozen sections) 

for 30-60 min. Fix in cold (4°C) acetone for 5 min. 
7. Air-dry. - 


Note: It is important to use dry acetone, ensured by 
holding over molecular sieves (BDH) as a drying 
agent. 7 


Immunofluorescence staining (see also Ch. 39) 


1. First, rehydrate the sample in PBS, pH 7.2, for 
5 min atroom temperature. (Note that rehydration 
in the antibody will increase the level of non-specific 
staining.) 

2. Incubate in the optimal dilution of the primary 
antibody or the direct conjugate (this dilution should 
be determined previously) for 30 min at 37°C. 

3. Wash twice in PBS (two 5-min washes). 

4. Mount directly after incubation with the direct 
conjugate (see below), or incubate in the optimal 
dilution of secondary antibody conjugate for 30 min 
et ST"e:, 

3. Wash in PBS (2 x 5 min), 

6. Mount in 90% glycerol-PBS, 50 mM Tris-HCl, 
pH 8.6. 


Anti-fading agents 


Although it is generally not a problem in diagnostic 
samples given the circumstances and limited time 
for which samples are scanned, prolonged examina- 
tion of FITC-positive cells or specimens may result 
in fading of the fluorescent signal. If this reaches 
unacceptable levels, then it may be necessary to 
add anti-fading reagents to the glycerol mounting 
medium. These may be particularly useful if photo- 
micrography is to be performed. The addition of 
0.1—0.25 M n-propy] gallate (Giloh & Sedat 1982) 
or 1 mg/ml para-phenylenediamine (Johnson et al 


1982) have been reported to delay the fading process, 


In our experience, these methods may be disappoint- 
ing and may even quench the fluorescent signal. We 
have found that sealing the edges of the cover-slip 
with nail varnish to reduce oxidation is a simple and 
effective method of preventing fading. Slides treated 
in this way that are stored in the dark at 4°C or 
—20°C retain the fluorescent signal for many months. 


Double antigen staining 


In some circumstances, it may be useful to localize 
two antigens simultaneously in the same sample. 
The antigens may be stained sequentially or the con- 
centrations of the two primary and secondary anti- 
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bodies can first be adjusted and then applied as a 
mixture. Clearly, the animal species in which the 
primary antibodies were raised must be different, 
and the secondary antibody conjugates are commonly 
conjugated with FITC and TRITC respectively. If 
the two antibodies are derived from the same species, 
the use of direct human IgG conjugates can often 
be most useful to overcome this problem. 


Counterstaining 


Samples which have been stained with FITC conju- 
gates may be. counterstained with Evans blue or 
ethidium bromide. The samples are simply rinsed 
for a few minutes in a weak solution after the com- 
pletion of the immunostaining procedures. Although 
the concentration and time required for. optimum 


staining will vary in individual laboratories, we. 


have found that Evans blue 1.0 g/ml! or ethidium 
bromide 0.5 jig/ml in PBS pH 7.2 is most efficient. 


Co-localization of specific antigens and 
nucleic acids . 


It is often useful to co-localize specific antigens and 
viral or microbial) DNA or RNA. The following 
protocol is designed to detect viral antigens by 
immunoperoxidase and viral RNA by in-situ hybridi- 
zation, but it may be adapted to detect any microbial 
pathogen for which an antibody and a nucleic acid 
probe are available (Gowans et al 1994). With this 
protocol, antigen is localized by a brown diamino- 
benzidine (DAB) reaction product, and viral RNA 
is localized by in-situ hybridization with nuclear 
emulsion autoradiography. Although the following 
protocol is nrimarily designed for frozen sections of 
tissue and uses an indirect immunoperoxidase 
method (see Fig. 44.1B), it is also possible to use 
formalin-fixed tissue sections and to compensate 
for reduced antigen reactivity by the use of a PAP 
system (Fig. 44.1C). 


Immunoperoxidase staining 


1. Air-dry the sample for 30-60 min at room 
temperature. 

2. Negate endogenous peroxidase in the tissue 
with 3% H,O, in PBS pH 7.2 for 10 min. 

3. Fix the sample in 4% paraformaldehyde, 5 mM 
MgCl, in PBS for 5 min at room temperature. 

4. Wash in sterile PBS (2 x 5 min). 

5. Incubate in the optimum dilution of primary 
antibody in PBS, 1 mM dithiothreitol (DTT), 1 UA 
RNAsin (Promega) for 30min at 37°C. Note: 
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RNAsin is designed to protect RNA from nuclease 
digestion, but is active only in the presence of 
=1 mM DTT, 

6. Wash as above. 

7. Incubate in peroxidase-conjugated species- 
specific antibody in above diluent for 30 min at 37°C. 

8. Wash as above. 

9. Incubate in 500 ug/ml DAB (BRL), 0.03% 
H,0, in 100mM Tris-HCl, pH 7.6, for 2—5 min 
at room temperature. 

10. Wash as above. 

11. Treat sample in 0.2% Triton-X 100 in PBS 
for 5 min at room temperature. 

12. Wash as above. 

13. Dehydrate sample through ascending grades 
of ethano) and air-dry. 


In-situ hybridization 


This is done as described in Chapter 10 of this 
volume. 


Autoradiography 


Autoradiography (ARG) is a photographic method 
to record the distribution of radiolabelled substances 
within a specimen. In this context, ARG can be used 
to detect either bound probe after in-situ hybridiza- 
tion or radiolabelled cells after pulse-labelling experi- 
ments. ARG was originally performed with stripping 
film but liquid emulsion is now used exclusively, and 
is supplied by a number of manufacturers, notably 
Ilford, Kodak and Amersham. Liquid emulsion ARG 
can detect isotopes with different energies, including 
341, 5S, 2p, 3p and !25y, 

The emulsion and the emulsion-coated slides must 
be handled in a darkroom equipped with suitable 
safelights, as recommended by the manufacturer of 
the emulsion. Ilford K2 or L4 emulsions are suitable 
for most applications in biological laboratories. A 
number of publications have claimed to increase the 
efficiency of ARG by the use of liquid scintiliants, 
but these claims have not been substantiated; the in- 
creased efficiency apparently results from improved 
drying of the emulsion by the solvent. Similarly, the 
use of small equipment to increase the speed of 
the emulsion drying step is likely to raise the level of 
background grains. A reproducible proven method 
to form the emulsion layer over the sample first de- 
scribed by Rogers (1979) has been used extensively 
in our laboratory (Gowans 1992). The essential 
features of the method, performed in a darkroom, are 
as follows: 


1. Equilibrate the stock emulsion to room 
temperature. 

2. Add 10 ml of 2% glycerol in water to a universal 
bottle. 

3. Add Ilford K2 emulsion to a previously deter- 
mined 20 ml mark on the bottle and melt the emul- 
sion at 44°C for 30 min. Mix carefully to avoid the 
formation of air bubbles, and store at 44°C for 
5 min before use. 

4. Pour the melted emulsion into a pre-warmed 
dipping chamber (available from Amersham). 

5. Dip individual slides vertically into the emul- 
sion, drain for a few seconds, wipe the back of the 
slide with a damp sponge, and lay the slides emul- 
sion-side-up on a level pre-cooled metal plate. 
Ensure that this plate is dry before use, and remove 
the slides when the emulsion has gelled (10-15 min). 

6. Store the slides on the bench at room tempera- 
ture in complete darkness for 2—3 h. 

7. When the emulsion is absolutely dry, transfer 
the slides to a light-tight exposure box. Store at 4°C 
for the duration of the exposure period. 


Autoradiograph development 


1. Bring the slides to room temperature and 
transfer to slide racks. 

2. Develop in Kodak D19 for 4 min at 20°C. 

3. Transfer slides to Ilford Hypam fixer diluted 
1 in 4 in water for 4 min at 20°C. 

4. The slides can now be removed from the 
darkroom to the laboratory; slowly replace the fixer 
with running tap water and wash in running water 
for 15 min. 

5. Stain the sample by the method of choice, e.g. 
Giemsa, haematoxylin. 

6. Dehydrate the samples through ascending 
grades of ethanol. Soak in xylene for 10—15 min and 
mount in DPX, 


ELECTRON MICROSCOPY _ 


In keeping with the approach of this chapter, the 
reader is referred to Chapter 2 of the 13th Edition 
of this book and to other texts (e.g. Meek 1971) 
which outline the principles of the electron micro- 
scope (EM). Electron microscopes have become very 
much more complex in recent years, and it is likely 
that the actual machine will be maintained and 
worked by a specialist. The great purchase and main- 
tenance costs of electron microscopes have encour- 
aged a move towards electron optical centres which 
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have the experience and equipment to perform a 
wide range of functions. Paradoxically, modern elec- 
tron microscopes are probably now easier for the 
non-specialist to use, aS most are now computer- 
controlled, virtually error-proof and capable of auto- 
matic focussing. A rationalization of facilities into 
an electron optical centre may actually permit more 
general access to an electron microscope. Currently, 
the microbiologist need only be concerned with 
techniques related to specimen preparation and 
analysis. 

The use of electron microscopy for detection of 
bacterial pathogens and particularly viruses was 
most popular in the late 1970s and early 1980s, when 
the detection of some viruses, notably rotaviruses, 
and non-cultivable adenoviruses, was impossible 
by other means. Since then, the development of 
enzyme-linked immunoassays for these and other 
organisms has offered more convenient, cheaper 
and more sensitive alternatives. Indeed, the limits 
of sensitivity of the EM for the detection of viral 
pathogens (c. 1 x 10° virus particles/ml) has forced 
workers to seek alternative and more sensitive assays. 

Nevertheless, electron microscopy is stil! useful 
for the detection of a few non-cultivable or slow- 
growing viruses which are present in high concentra- 
tions in clinical samples, e.g. Norwalk agent (virus) 
in faeces, and orf virus in skin lesions from meat 
workers. However, it may be difficult to identify a 
particular virus definitively on morphology alone 
and the problem is exacerbated by the decline of 
experience in microbiology laboratories as a conse- 
quence of the reduced use of electron microscopes. 
To counter this difficulty the positive identification 
of an agent is often performed by immune electron 
microscopy. Alternatively, the antibody may be used 
to coat the grid before virus adsorption to increase 
the sensitivity, although this is clearly only possible if 
the capture antibody is related to the virus suspected 
to be present. 

Other potential general uses of the microscope 
include the measurement of the length of plasmids 
and in-situ hybridization at the ultrastructural level. 
It is unlikely that either of these techniques will be 
required in a diagnostic laboratory. 


METHODS 


The methods have been restricted to examination 
of particular samples for bacteria and viruses and no 
attempt is made to describe methods for immuno- 
electron microscopy of ultra-thin tissue sections. 
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Negative staining 


The procedure of Horne (1965) is described in detail. 
The method is simple and remains the most generally 
used method for the electron microscopic examination 
of organisms. Minima! preparation of the sample is re- 
quired. Cell culture fluid or faecal extracts are frequent 
samples. It is likely that the coated grids will be supplied 
by the electron microscope laboratory; 400 mesh nickel 
grids with a parlodion film which has been reinforced 
with a carbon layer are most useful. For the preparation 
of the coated grids see Weakley (1981). 


1. Place a ‘drop of the sample on a fiat piece of 
Parafilm. 

2. invert a coated grid over the sample for 2—3 min. 

3. Remove the grid from the sampls, and touch 


the torn edge of a sheet of filter paper to the edge of .- 


the grid to remove excess liquid. 

4. Wash the grid in a slow stream of distilled water 
or by floating on the surface of a dish of distilled water. 
Remove excess liquid as above, 

5. Invert the grid on the staining solution for 1-2n min; 
2% potassium phosphotungstate (PTA) or 2% uranyl 
acetate are commonly used. The staining time will 
vary with different batches. 


Highly purified virus preparations or specimens which 
contain little protein will often not adhere to the coated 
grid. In this instance, it is useful to mix the sampie with 
bovine serum albumin (BSA) or bacitracin to a final 
concentration of 100 p:g/ml and 20 pg/ml respectively 
before loading the sample on the grid (Gregory & 
Pirie 1972). Alternatively, before staining, the coated 
grids can be charged with antibody if a specific antigen 
target is sought. This is intended to have the effect of 
concentrating the number of particles binding to the 
grid. The antibody used to coat the grids should be 
titrated previously with a known positive control sample. 


Immunoelectron microscopy 


Immunoelectron microscopy either to identify an organ- 
ism or to localize.an antigen-specific morphological 
feature on an organism is analogous to indirect 
immunofluorescence. The organism is bound to the 
grid and then ‘stained’ with a primary antibody which 
is in turn detected using a gold-conjugated secondary 
antibody. Consequently, the specificity of the reaction 
is dependent on the quality of these reagents, and 
many of the procedures already outlined in the above 
section on light microscopy, e.g. IgG purification, or 
tissue homogenate adsorption, rnay be useful. 


1. Adsorb the sample on to the coated grids as 
described above. 
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2. Block with 1% sterile BSA in PBS for 2 min. 

3. Float the grid on a drop of primary antibody diluted 
optimally in 1% BSA/PBS and incubate at room 
temperature for 1h. Rinse the grids (6 x 3 min) in 1% 
BSA/PBS, then incubate for 1h in gold-conjugated 
secondary antibody or gold-conjugated protein A 
(Amersham). 

4. Rinse as above in PBS only, then fix in 2.5% (v/v) 
glutaraldehyde, rinse in distilled water (3 x 1 min) and 
then stain with uranyl acetate or PTA. 
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Staining methods 


J. P- Duguid 





As bacteria consist of clear protoplasmic matter, 
differing but slightly in refractive index from the 
medium in which they are growing, it is difficult 
with the ordinary microscope, except when special 
methods of illumination are used, to see them in 
the unstained condition. Staining, therefore, is of 
primary importance for the recognition of bacteria. 


SAFETY 





— 


Safety precautions are required in all parts of the 
work of a clinical laboratory (Ch. 3). In Britain the 
Control of Substances Hazardous to Health (COSHH) 
regulations require that the hazards associated with 
reagents and their use be assessed and the necessary 
precautions be taught to relevant staff. 

For several decades most of the reagents described 
in this chapter have been used in clinical micro- 
biology without special precautions and without 
observed harmful effects. But some fluids are highly 
irritant and corrosive and some stains and solvents 
have caused toxic or carcinogenic effects in animals 
when given to them in large amounts or over long 
periods. Occasional cases of long-term ill effects in 
laboratory staff may have been missed. 


Corrosive and irritant reagents 


Special care must be taken in dispensing, diluting 
and using strongly corrosive or irritant fluids such 
as sulphuric acid, phenol, formaldehyde and xylene. 


‘Spectacles or goggles should be worn to protect 


the eyes from splashes, and gloves, gowns and water- 
proof aprons to protect the skin, Care should be 
taken to avoid inhaling concentrated vapour. 

In diluting concentrated sulphuric acid, the acid 
should be added slowly in repeated small volumes 
to the water, zever water to the acid, as that may 


cause boiling and spurting. Dilute sulphuric acid 


splashed on the skin or clothing becomes concen- 


trated by evaporation of the water and can burn skin 
and char clothing. 


Toxic stains and fixatives 


The largest amounts may be spilt or inhaled when 
powders are weighed out and added to water or 
other solvent, and when concentrated liquid reagents 
are diluted. These procedures are best carried out in 
a suitable exhaust-ventilated safety cabinet or fume 
cupboard. Inhalation of powder or vapour is thereby 
prevented and any spillage is confined to an enclosed 
surface from which it-may easily be cleaned. 

When the required amount of a potentially harmful 
stain or reagent is not so great as to make cost-saving 


_ paramount, it is best to purchase a ready-made solu- 


tion from a commercial supplier, e.g. Ziehl—-Neelsen 
carbol fuchsin or auramine—phenol. A working solu- 
tion may be obtained or a concentrated solution 
requiring only simple dilution. 

Staff staining many preparations should wear 
goggles, disposable gloves, gown and waterproof 
apron. They should apply the stains and reagents to 
slides on a staining rack over a sink and should take 
care that surplus reagent falls into the sink and not on 
to the bench. When reagents are delivered from a 
plastic squeeze-bottle, they should be expelled slowly 
through a wide-bore nozzle, not forced through a 
narrow nozzle with splashing and aerosol formation. 
Washing reagents from slides with water from the 
tap should be done gently, without splashing 

Health and Safety information about reagents 
supplied from commercial sources can be obtained 
from the supplier, e.g. Hazard Data Sheets from 
BDH. 


METHODS OF MAKING FILM OR SMEAR 
PREPARATIONS 





Before describing the various staining processes, 
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details of the methods employed in making films 
must be considered. 

Film preparations are made either on cover-slips 
or on 3 x | in glass slides, usually the latter, It is 
essential that the cover-slips or slides be perfectly 
clean and free from grease, otherwise films will be 
uneven. Some manufacturers provide cover-slips 


and slides free from grease and ready for immediate 


use. If however, the supply is not sufficiently clean, 
the slips and slides should bc cleaned as follows. 


Cleaning slides and cover-slips 


Slides. A satisfactory method for ordinary use 
is to wipe the slide with a clean dry cotton cloth and 
then, holding its end with forceps, roast it free 
from grease by passing it 6-12 times through a blue 
Bunsen flame. The heating should be as strong as 
is possible without cracking the slide. Cracking is 
rendered less likely by allowing the slide to cool 
somewhat before laying down, or by laying it on a 
warmed metal rack. Another method of cleaning is 
to moisten the finger with water, rub it on the surface 
of some fine sand soap, and then smear the surface 
of the slide. After removing the soapy film with a 
clean cloth the surface is clean and free from grease. 
If the slide is perfectly clean a drop of water can be 
spread over its surface in a thin even film; otherwise 
the water collects into small drops and a film cannot 
be made. 

After the films have been made and examined the 
slides should be discarded. They should not be cleaned 
and used again, since it is difficult to ensure that all 
organisms have been removed. 

Cover-slips. These should be 3 or 2 in* and of 
No, 1 thickness, i.e. 0.1 mm thick. (Thicker cover- 
ships —'No. 2 — may prevent the oil-immersion objec- 
tive from coming near enough for the specimen to 
be focused.) For routine use, the cover-slips may 
be sufficiently clean as supplied by the maker and 
require only to be wiped free from grit and dust with 
a clean dry cloth. The newer plastic cover-slips 
should not be used when staining as they melt or 
buckle during the process. They should be used 
only for unstained ‘wet’ preparations. 


Making films 


In the case of fluid material, e.g. broth cultures, 
urine, sputum, pus, one loopful (or more) is taken 
up with the inoculating wire and spread thinly on 
the slide. A little experience will soon determine thé 
amount required, and in spreading the films it will 
be found that there are both thick and thin portions, 
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which is not disadvantageous. The slide is then 
held in the palm of the hand high over a Bunsen 
flame and dried. The film is fixed by passing the dried 


slide, film downwards, three times slowly through . - 


the flame, or by heating through the glass slide. In the 
latter method the slide is held, film upwards, in the 
top of the Bunsen flame for a few seconds so that 
the slide becomes hot. Care must be taken not to 
char the film, and when the slide is just too hot to be 
borne on the back of the hand, fixation is complete. 

With solid material, such as cultures on agar, it 
is necessary to place a loopful of clean water on 
the slide. The loop is then sterilized and a minute 
quantity of material, obtained by just touching the 
growth, is transferred to the drop, thoroughly emulsi- 
fied, and the mixture is spread evenly on the slide. 
The resulting film is fixed and dried as above. 
Beginners are apt to take more material than neces- 
sary from the culture and thus make too thick a film. 


Marking films 


Before staining, the end of the slide bearing the film 
should be marked with numbers or letters to ensure 
that the identity of the material filmed will be known 
when the film is later examined along with others. 
A marking diamond or grease pencil may be used 
to write on the film-bearing side of the slide. A more 
convenient method involves the use of slides with a 
ground, matt surface at one end which will take 
writing with an ordinary graphite pencil. Stick-on 
paper labels should not be used as they are liable to 
be soiled or washed off in the staining procedure. 
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STAINING FILMS , ‘AND SECTIONS 

Films 

The stains are poured directly or filtered on to the 
slide. ‘The whole area of the film should be covered 
with a layer of stain thick enough not to dry during 
the period of staining. Preferably, the area at the 
end of the slide bearing the identifying mark should 
not be covered, so that it may be grasped by the 
fingers or forceps without soiling. When staining is 
completed, the dye is washed off with water, and the 
slide is allowed to dry in the vertical position or is 
placed between two sheets of white fluffless blotting 
paper or filter paper. The drying of the film is com- 
pleted over the Bunsen flame. Such stained films 
may be mounted in Canada balsam under a cover- 
slip, or may be examined unmounted with the 
oil-immersion lens, a small drop of cedar-wood or 
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synthetic immersion oil being placed directly on the 
film. If it is desired to mount the preparation later, 
the oil can be removed with xylene (xylol). 


Tissue sections 


The sections being embedded in paraffin, it 1s neces- 
sary. to remove the paraffin so that a watery stain 
may penetrate. The paraffin is first removed with 
xylene, the xylene is then removed with alcohol 
(95% ethanol) and the alcohol is replaced with water. 
The staining is then done. After staining, the section 
must be dehydrated with absolute alcohol, cleared 
in xylene and mounted in Canada balsam under a 
cover-slip. The Canada balsam (which is a resin) Is 
dissolved in xylene in order to render it suitable in 
consistency. 

If much work is to be done with sections, it is 
advisable to use a less toxic substitute for xylene, 
e.g. Histo-Clear (National Diagnostics). 


Alcohol (ethanol!) solutions 


The reagents most commonly employed in prepara- 
tion of sections are ‘absolute alcohol’, which is 100% 
ethanol, and ‘95% alcohol’, which is a 95% solution 
of ethanol in water by volume (i.e, 95 ml absolute 
alcohol plus water to give 100 ml solution). 

- Industrial methylated spirit (not mineralized) may 
be used for making up stains, decolourizing stained 
preparations, dehydrating tissues and treating sec- 
tions. The type known as “Toilet spirit, acetone free 
(66 OP)’ is quite satisfactory for use instead of 95% 
alcohol. Similarly, industrial methylated spirit, abso- 
lute (74 OP), can be used instead of absolute alcohol. 


Technique 


The slide bearing the paraffin section is placed in a jar 
of xylene for some minutes to remove the paraffin. 
The section is then treated with a few drops of 
absolute alcohol (ethanol), when it immediately 
becomes opaque. A few drops of 50% alcoho] are 
poured on, and the slide is finally washed gently in 
water. If the tissue has been fixed in any mercuric 
chloride preparation, such as Zenker’s fluid, the 
section should be treated with Gram’s iodine solution 
for a few minutes, then with 95% alcohol and finally 
with water. The sections are now ready to be stained 
by the appropriate method. 

After staining and washing with water, the slide is 
wiped all round the section with a clean cloth to 
remove excess water. The bulk of the water in the 
section may be removed by pressing between fluffless 


blotting paper. The section is treated wnmediately 
with a few drops of 95% alcohol and then with 
absolute alcohol. The slide is again wiped all round 
the section, a few more drops of absolute alcohol 
are poured on and the slide is then immersed in 
xylene. When cleared, the slide is removed, and ex- 
cess xylene round the section is wiped away, a drop of 
Canada balsam is applied and the section mounted 
under a No. 1 cover-slip. It is essential that the 
section should not be allowed to dry at any period 
of the process, and that dehydration with absolute 
alcohol should be complete in order that the section 
may be thoroughly cleared. 

When the bacteria are readily decolourized with 
alcohol, aniline-xylene (aniline, 2 parts: xylene, 1 
part) should be used for dehydration. After washing, 
when the slide has been wiped round the section, 
the preparation is blotted and then treated with the 
aniline—xylene mixture, which clears as well as 


__dehydrates. The aniline~xylene is then replaced with 


xylene. This can be done conveniently by holding 
the slide almost vertically and dropping xylene from 
a drop bottle on to the slide just above the section. 
The xylene flows over the section and quickly 
removes the aniline. The preparation is mounted 
immediately in Canada balsam. 


DPX mounting medium 


A mounting medium that replaces Canada balsam 
was devised by Kirkpatrick & Lendrum (1939, 
1941). It consists of polystyrene (a synthetic resin) 
dissolved in xylol, with a plasticizer — dibutyl 
phthalate — to ensure flexibility. There is, however, 
much shrinkage and the mounting fluid should be 
applied generously. The mountant termed DPX is 
made up as follows: 


Mix dibutyl phthalate (BDH) 5 ml 
with pure xylene 35 ml 
and dissolve ‘Distrene 80’ 10g 


DPX medium is water-clear, inert and does not 
become acid or cause fading of stained preparations. 
It is used in the same way as Canada balsam. 

If polystyrene of a low molecular weight (about 
3000) is used, much less xylene is required and no 
plasticizer need be added. Moreover, there is practically 
no shrinkage, which is a great advantage over DPX. 
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SIMPLE STAINS __ 


These show not only the presence of organisms but 
also the nature of the cellular content in exudates. 
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Loeffler’s methylene blue 


Of the many preparations of this dye, Loeffler’s 
methylene blue is generally the most useful: it 
shows the characteristic morphology of polymorphs, 
lymphocytes and other cells more clearly than do 
stronger stains such as the Gram stain or dilute 
carbol fuchsin. 


Saturated solution of methylene 
blue in alcoho] 
KOH, 0.01% in water . 


Films, Stain for 3 min, then wash with water. 
This preparation does not readily over-stain. 

Sections, Stain for 5 min or longer. The applica- 
tion of the alcohol during dehydration is sufficient 
for differentiation. Aniline—xylene can also be used 
for dehydration and clearing. 


300 ml 
1 litre 


Polychrome methylene blue 


This is made by allowing Loeffler’s methylene blue 
to ‘ripen’ slowly. The stain is kept in bottles, which 
are half filled and shaken‘ at intervals to aerate 
thoroughly the contents. The slow oxidation of the 
methylene blue forms a violet compound that gives 
the stain its polychrome properties. The ripening 
takes 12 months or more to complete, or it may be 
ripened quickly by the addition of 1.0% potassium 
carbonate (K,CQ;) to the stain. The preparation is 
used in a manner similar to Loeffler’s methylene blue. 
It is also employed in McFadyean’s reaction (Ch. 17). 

In contrast to the blue staining of most structures 
by the methylene blue, the violet component stains 
acidic cell structures red-purple, e.g. the acid capsular 
material of the anthrax bacillus in the McFadyean 
reaction. A specially suitable stain can be obtained 
ready made, e.g. Gurr’s polychrome methylene blue 
McFadyean stain (BDH). 


Dilute carbol fuchsin 


Made by diluting Ziehl—Neelsen’s stain (see below) 
with 10—20 times its volume of water. Stain for 10-25 
seconds and wash well with water. Over-staining 
must be avoided, as this is an intense stain, and 
prolonged application colours the cell protoplasm 
in addition to nuclei and bacteria. 


GRAM'S STAINING METHOD 
Use 


This is the most important staining method in 
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bacteriology. It is the first and usually the only 
method employed for the diagnostic identification of 
bacteria in clinical specimens. Besides demonstrating 
the morphology of bacteria, it distinguishes two 
categories of genera: the Gram-positive, which stain 
dark purple, and the Gram-negative which stain 
light red. 

Cultures of Gram-positive species, especially if 
aged, may contain a proportion of Gram-negative 
cells, but cultures of Gram-negative species never 
show any Gram-positive cells. A few species are 
‘“Gram-variable’, and tend to show a mixture of the 
two types of cells. 

Tissue cells, leucocytes and the debris in inflam- 
matory exudates all stain Gram-negatively, so that 
any Gram-positive bacteria are easily found in 
smears and sections. Gram-negative bacteria are not 
differentiated by colour from the background in such 
preparations, but must be recognized by their size 
and shape. 


Mechanism 


The Gram procedure requires the application of 
four reagents in the following order: 


1, A basic pararosaniline (tripheny] methane) 
violet dye, namely crystal violet, methyl violet or 
gentian violet (a mixture of the two preceding dyes); 

2. An aqueous solution of iodine; 

3. A decolourizing solvent, e.g. acetone, alcohol 
or aniline; 

4. A light red or pink counterstain, e.g. basic 
fuchsin, neutral red or safranine. 


The violet dye and iodine combine to form an 
insoluble, dark purple compound in the bacterial 
protoplasm and cell wall. This compound is dis- 
sociable in the decolourizer, which dissolves and re- 
moves its two components from the cell. But the 
removal is much slower from Gram-positive than 
from Gram-negative bacteria, so that by correct 
timing the former stay dark purple whilst the latter 
become colourless. 

The difference between the two types of bacteria 
is that the Gram-positive have thicker and denser 
peptidoglycan layers in their cell walls, which makes 
them less permeable to the stain than those of the 
Gram-negative bacteria. The iodine has a critical 
role in enhancing this difference. It seems to bind 
temporarily to the peptidoglycan and make it even 
less permeable to the dye. 


Modifications 
In the origina) method of Gram (1884) the smear 
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was stained with aniline-gentian violet, treated with 
Lugol’s iodine (iodine 1 g, KI 2 g, water 300 ml), 
decolourized with absolute alcohol, and counter- 
stained with Bismarck brown. Later modifications 
give better results. 

There is latitude in the choice, concentration 
and time of application of the reagents, except that 
decolourization must be correctly timed. The rea- 
gents must be applied in the correct order and each 
removed completely after each step. 


Reagents 
Violet dye 


Crystal violet or methyl] violet is used at concentra- 
tions of 0.5-2%. Solution is facilitated if the dye is 
first dissolved in alcohol and then added to the water: 


_ Crystal violet or methy! violet 6B a 
Absolute alcohol (100% ethanol) 100 ml 
Distilled water 1 litre 


Dissolve the dye in the alcohol, filter through filter 
paper and add to the water. 

The above solution keeps well and is perfectly 
satisfactory for general use. However, Gram-positive 
staining can be strengthened by the addition of 
sodium bicarbonate or ammonium oxalate as in the 
following solutions: 


Kepeloff & Beerman’s (1922) stain 


Solution A: Methyl violet 65 10g 
Distilled water 1 litre 
Solution B: Sodium bicarbonate 50g 
Distilled water 1 litre 


Shortly before use, mix 30 volumes of solution 
A with 8 volumes of solution B. It is a disadvantage 
of this mixture that it tends to precipitate within a 
few days and so cannot be kept. 


Preston & Morrell’s (1962) stain 


Crystal violet 20 g 
Methylated spirit (64 OP) 200 ml 
Ammonium oxalate, 1% in water 800 ml 


lodine solution 


To obtain iodine in aqueous solution, potassium 
iodide or sodium hydroxide must be added. The 
former is usually used, as in Lugol’s iodine, but in 
a weaker solution which is more economical and 
equally effective. The more akaline solution with 
sodium hydroxide is thought to give slightly stronger 
Gram-positive staining. 
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Gram’s (Lugol’s) iodine 


Iodine 10g 
Potassium iodide 20 g 
Distilled water 1 litre 


Dissolve the 20g potassium iodide in 250 ml 
water and then add the 10 g iodine. When the iodine 
is dissolved, make up to | litre with water. 


Kopeloff & Beerman’s todine 
Iodine 20g 
Sodium hydroxide 1 mol/litre 

(i.e. 4% NaOH) 100 ml 
Distilled water 900 ml 


Dissolve the iodine in the NaOH solution and 
when it is dissolved add the distilled water. 


Decolourizer 


Acetone. This is the fastest and most specific 
decolourizer. It is applied to smears for only 2—3 
seconds and to sections for a second or two longer. 
Its rapidity is an advantage when only a single slide is 
to be stained, or a few to be treated in turn. However, 
the short period of exposure is difficult to control 
when many slides have to be stained simultaneously. 

Absolute alcohol (100% ethanol), ‘This acts more 
slowly than acetone and should be applied and 
re-applied for about 1 min until on tilting the slide 
from side to side ‘and viewing against a white back- 
ground, colour is no longer seen to flow out of the 
preparation. 

Acetone-alcohol. ‘This is a mixture of 1 volume of 
acetone with 1 volume of 95% ethanol. It requires 
application for about 10 seconds. 

lodine~acetone. Preston & Morrell] (1962) have 
shown that the addition of a small concentration 
of iodine to acetone slows its rate of decolouriza- 
tion without reducing its specificity. With 0.35% 
iodine the exposure can be lengthened from about 
2 seconds to 30 seconds or longer. The decolourizer 
is made up as follows: 


1. Liguor iodi fortis (BP) 


Iodine 10g 
Potassium iodide 6g 
Methylated spirit (74 OP) 90 ml 
Disuiled water 10 ml 
92. Jodine~acetone decolourizer 

Liquor iodi fortis 35 ml 
Acetone 965 ml 


Hazard. An irritating aerosol may be produced 
when much Gram-staining is done with splashing of 
iodine-acetone into the sink or its forcible squirting 
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through the narrow nozzle of a ‘squeeze bottle’. 
The acetone quickly evaporates from the droplets 
and leaves airborne droplet-nuclei of iodine which 
irritate the eyes and nose. To minimize this efféct, 
the iodine~acetone should be poured gently on to the 
slide through a wide nozzle and splashing into the 
sink should be avoided. 

Aerosol irritation may also be avoided and good 
Gram differentiation obtained by using a smaller 
concentration of iodine (0.035%) in the acetone 
and restricting the time of decolourization to about 
10 seconds: 


Weak todine-acetone 


Liquor iodi fortis 3.5 ml 
Acetone 1 litre 
Counterstain 


Several pink or red counterstains may be used. 


1, Dilute carbol fuchsin. This stain (see under 
simple stains above for composition) when applied 
for 10-30 seconds gives the strongest red staining. 
However, the colouration may be so dark that some 
Gram-negative bacteria may be difficult to distin- 
guish from Gram-positive ones. It is better to use 
one of the following weaker counterstains. 

2. Basic fuchsin counterstain. Applied for 10—30 
seconds, this is recommended for general use. 

Basic fuchsin 0.5¢ 
Distilled water 1 litre 

3. Neutral red counterstain. Applied for 2—4 min, 
this is recommended for demonstrating gonococci 
and other intracellular Gram-negative bacteria. 


Neutral red lg 
1% acetic acid in water 2 ml 
Distilled water | litre 


4. Safranine counterstain 
Safranine 0.5% in distilled water 


Kopeloff & Beerman’s Gram method for 
films 


This modification of Burke’s (1922) method using 
acetone as decolourizer is recommended for general 
use. 


1, Make a smear (see above under Making films). 
Dry thoroughly in cool air or in warm air 20-30 cm 
above the blue flame of a Bunsen burner. Fix by 
flaming. Place the slide, smear upwards, on a staining 
rack over a sink. In preparation for removal of the 
_ decolounzer, turn on a tap to give a moderate flow of 
water near the slide. 
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2. Cover the whole slide with methyl violec stain 
and leave to act for about 5 min. 

3. With forceps, grasp the slide at one end and 
raise it to hold the slide at a steep slope. Starting at 
the upper end, pour on iodine solution and rapidly 
work downwards to wash away all the methyl violet 
and crystalline dye—iodine precipitate. 

4. Cover the whole slide with fresh iodine solution 
and leave horizontally on the rack for about 2 min. 

5. Decolourize with acetone as follows. With for- 
ceps, tip off the iodine and hold the slide at a steep 
slope. Starting at the upper end, pour acetone over 
the slide in sufficient amount to remove the iodine. 
Allow to act for only 2—3 seconds. End decolouriza- 
tion by removing all acetone with the stream of water 
from the tap. 

6. Cover the whole slide with basic fuchsin 
counterstain and leave to act for about 30 seconds. 

7. Wash thoroughly, for about 5 seconds, with 
water from the tap. ; 

8. Place the slide, smear upwards, on a piece 
of clean blotting paper. Blot the upper surface by 
pressing gently downwards with another piece of 
blotting paper. Avoid rubbing from side to side, 
which might remove parts of the smear. 

9. Complete drying by waving the slide in warm 
air high above a Bunsen flame. 

10. Place a large drop of immersion oil on the 
dried smear and examine microscopically. If the 
film is to be preserved, wash off the oil with xylene 
and gentle rubbing. : 


Kopeloff & Beerman’s stain for sections 


1. Remove paraffin wax from the mounted section 
by standing for some minutes in a jar of xylene or 
xylene substitute. 

2. Remove the xylene by flooding with absolute 
alcohol (100% ethanol). Then cover with 50% 
alcohol and finally wash with water from the tap. 

3. Cover the slide with methyl violet stain and 
leave to act for about 5 min. 

4. Wash off the stain with an excess of iodine 
solution and leave to act for about 2 min. 

5. Decolourize with acetone as for smears, but 
continue decolourization until all visible violet stain 
is seen to have been removed from the section. 
This may take a few seconds longer than the 


- decolourization of smears. 


6. Wash off acetone with water from the tap. 

7. Counterstain with basic fuchsin for 30 seconds. 

8. With blotting or filter paper, wipe carefully the 
surface of the slide around the section and the back 
of the slide to. remove as much water as possible. 
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Then dehydrate quickly by flooding with 95% 
alcohol followed by absolute alcohol. Allow only the 
briefest contact with alcohol to avoid removal of 
the counterstain, End this contact by immersing the 
slide in xylene. When the section appears clear and 
transparent, wipe away the excess xylene around the 
section and mount under a No. I (thin) cover-slip in 
Canada balsam or DPX. 

Note. Weigert’s classic method for sections, which 
uses aniline—xylene as decolourizer, is described in 
the 13th edition of this book. 


Jensen's Gram method for smears 


This method with alcohol as decolourizer and weak 
neutral red as counterstain is recommended for ex- 
amination of smears for gonococci and meningococci. 


1. Make, dry and fix the smear and place on the 
staining rack, ; 


2. Cover the slide with 0.5% methyl violet and _ 


leave to act for about 30 seconds, 

3. Tilt the slide, pour on sufficient Lugol’s (1%) 
iodine to wash away the stain, cover with fresh iodine 
and allow to act for about 30 seconds. 

4. Tilt the slide and wash off the iodine with 
95% or 100% alcohol (ethanol). Treat with fresh 
alcohol. Tilt the slide from side to side while viewing 
against a white background until colour ceases to 
come out of the smear. This will take 30 seconds 
or longer. 

5. End the decolourization by washing well with 
water from the tap. 

6. Pour on neutral red (0.1%) counterstain and 
leave to act for about 2 min. 

7. Wash well with water and blot dry. 


Preston & Morrell’s Gram method 


This method using iodine-acetone as decolourizer 
gives good results without the need for careful timing 
of the decolourization step. 


1. Cover the slide with ammonium oxalate—crystal 
violet and leave for about 30 seconds. 

2. Pour off stain and wash freely with Lugol’s 
1% iodine. Cover with fresh iodine and leave for 
about 30 seconds. 

3. Pour off iodine solution and wash freely with 
lodine—acetone (0.35% iodine). Cover with fresh 
iodine—acetone and leave for about 30 seconds. 

4. Wash freely with water from the tap. 

5. Counterstain with dilute carbo! fuchsin for 
about 30 seconds. Wash with water, blot and dry. 


Quick Gram method for single slides 


With smears, fairly good results may be obtained 
with very short staining times, which are convenient 
when only one slide has to be stained. It may be held 
with forceps throughout the procedure. 


1. Flood the slide with crystal or methyl violet 
stain and allow to act for about 5 seconds. 

2. Tip off the stain and flood the tilted slide with 
iodine solution and allow to act for about 5 seconds. 

3. Tip off the iodine and flood the tilted slide 
with acetone and allow this to act for only 2 seconds 
before washing it off with water from the tap. 

4. Flood the slide with basic fuchsin counterstain 
and allow it to act for about 5 seconds. Wash off 
with water, blot and dry. 


Gram method for multiple slides 


In the foregoing Gram methods the slides are raised 


and tilted to assist removal and washing off the 
different reagents in turn. This procedure may be 
troublesome when many, e.g. 10-15, slides have to 
be stained simultaneously. Generally good results 
may be obtained with slides left horizontally on the 
Staining rack, provided that each reagent is com- 
pletely washed off with water and that enough of 
each succeeding reagent is added to displace residual 
water. It is necessary also to use a slowly acting 
decolourizer such as iodine—acetone. 


1. Make, dry and heat-fix the smears. Mark 
the end of each slide with a number identifying the 
smear. Place the slides side by side on a staining 
rack over the sink. Leave a space of 1-2 cm between 
adjacent slides to prevent a cross flow of reagents. 

2. For the washing away of reagents on slides 
in the different positions, attach a length of flexible 
rubber or plastic tubing to a high-level water tap. 
Turn on the tap to give a moderate stream of water 
at a short distance from the staining rack. 

3. Carry out each of the following steps in turn 
for each slide in the row on the rack. Start applying 
each succeeding reagent on the slide at the same 
(e.g. left) end of the row, 

4. Cover each slide completely with methyl violet 
stain and leave to act for at least 30 seconds. Wash 
off the stain from each slide in turn with a flow of 
water directed at it through the tubing from the tap. 

5. Cover each slide completely with Lugol’s 1% 
iodine, displacing the residual water from the pre- 
ceding wash. Leave the iodine to act for at least 
30 seconds. Wash off the iodine with water. 

6. Cover each slide completely with enough 
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iodine~acetone to displace residual water and leave 
to act for about 30 seconds (10s for weak iodine— 
acetone). Wash off the iodine-acetone with water. 

“4. Cover the slide with basic fuchsin counterstain 
and leave to act for at least 30 seconds. Wash off 
with water, blot and dry. 


ZICHL-NEELSEN STAINING OF ACID- 


FAST BACILLI _ 


_ This method is a modification of Ehrlich’s (1882) 


original method for the differential staining of tuber- 
cle bacilli and other acid-fast bacilli with aniline— 
gentian violet followed by strong nitric acid. It in- 
corporates improvements suggested, successively, by 
Ziehl and Neelsen, and is deseribed in a footnote 
in a paper by Johne (1885). 

The ordinary aniline dye solutions do not readily 
penetrate the substance of the tubercle bacillus and 
are therefore unsuitable for staining it. However, 
by the use of a powerful staining solution that con- 
tains phenol, and the application of heat, the dye can 
be made to penetrate the bacillus. Once stained the 
tubercle bacillus will withstand the action of power- 
ful decolourizing agents for a considerable time and 
thus still retains the stain when everything else in the 
microscopic preparation has been decolourized. 

The stain used consists of basic fuchsin, with 
phenol added. The dye 1s basic and its combination 
with a mineral acid used as decolourizer produces a 
compound that is yellowish brown in colour and is 
readily dissolved out of all structures except acid-fast 
bacteria. Any strong acid can be used as a decolourizing 
agent, but 20% sulphuric acid (by volume) is usually 
employed. 

In order to show structures and cells, including 
non-acid-fast bacteria, that have been decolourized, 
and to form a contrast with the red-stained bacilli, 
the preparation is counterstained with methylene 
blue or malachite green. 


Use of alcohol for secondary decofourization 


After primary decolourization with sulphuric acid, 
the film may be treated with 95% alcohol (ethanol) 
as secondary decolourizer. The basis of this practice 
is the fact that tubercle bacilli are alcohol-fast as 
well as acid-fast. One advantage of using alcohol is 
that decolourization is completed more quickly and 
the margins and underside of the slide are more 
completely cleaned and freed from deposits of stain. 

Another advantage of using alcoho] when the 
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staining is being done for identification of tubercle 
bacilli, is that certain other acid-fast bacilli, which 
may be encountered in pathological specimens and 
may otherwise be confused with tubercle bacilli, 
are decolourized by alcohol. Thus, specimens of 
urine may contain the smegma bacillus, an acid-fast 
bacillus that is a harmless commensal inhabitant in 
the region of the urethral orifice. Some, though not 
all, strains of smegma bacillus are decolourized with 
alcohol and the use of alcohol thus lessens, though it 
does not entirely remove, the likelihood of confusion 
arising in the diagnosis of urinary-tract tuberculosis. 


Acid—alcohol as decolourizer 


Instead of employing 20% sulphuric acid as 4a 
decolourizing agent, 3% hydrochloric acid in 95% 
alcoho! (industrial methylated spirit) may be used 
(i.e: concentrated HCl, 3 ml, and 95% alcohol, 97 mi). 
The necessity for subsequent treatment with alcohol, 
as in the original method, is obviated. Acid—alcohol 
is a more expensive reagent than sulphuric acid, but 
it is much less corrosive and more convenient to 
make up and employ, while its use definitely excludes 
organisms that are acid-fast but not alcohol-fast. 


ZN reagents and methods 


A variety of reagents and methods are used for 
Zichl-Neelsen (ZN) staining. The preparation of re- 
agents will be described first. Then two procedures 
will be given for the staining of pathological speci- 
mens for tubercle bacilli: (A) a traditional ZN 
method convenient for staining one or two slides at a 
time, and (B) a preferred ZN method suitable for 
staining several slides simultaneously. Finally, some 
modified ZN methods for staining weakly acid-fast 
organisms will be described. 


Safety 
Some of the reagents are highly corrosive. In pre- 
paring them and in carrying out the staining proce- 


dures it is advisable to wear spectacles or goggles, 
disposable gloves and a waterproof apron. 


ZN reagents 


1. ZN carbol fuchsin 


Basic fuchsin (powder) 52 
Phenol (crystalline) 25 g 
Alcohol (95% or 100% ethanol) 50 ml 
Distilled water 500 ml 
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Dissolve the fuchsin in the phenol by placing 
them in a | litre flask over a boiling water-bath for 
about 5 min, shaking the contents from time to time. 
When solution is complete, add the alcohol and mix 
thoroughly. Then add the distilled water. Filter the 
mixture before use. 

Alternatively, use a concentrated carbol fuchsin 
from a commercial supplier, e.g. Concentrated (10 x) 
carbol fuchsin (ZN) PL8005 from Pro-Lab, and 
dilute before use. 


10 x Concentrated carbol fuchsin 
Distilled water 


100 ml 
900 ml 


Add the carbol fuchsin to the water in a large 
bottle. Mix. Before use, filter the stain through a 
Whatman No. 1 paper into the in-use bottle. 


2. Sulphuric acid (20%) decolourizer 


Concentrated sulphuric acid . 
(98%, 1.835 g/ml) 
Distilled water 1 litre 


Pour the water into a large flask and place the 
flask in 5—8 cm of cold water in the sink. Add the 
acid in 50 ml lots over 10 min, pouring slowly down 
the side of the flask into the water. Mix gently. The 
mixture will become hot. When cool, decant into a 
labelled bottle for use. Note: the acid must be added 
to the water; it is dangerous to add water to the acid. 


3. Alcohol 95% 


Ethanol! 95 ml plus water to 100 ml, 
or Industrial methylated spirit 


4. Acid—alcohol decolourizer 


Concentrated hydrochloric acid 75 ml 
Industrial methylated spirit 2425 ml 


Pour the methylated spirit into a large flask. Place 
the flask in 5—8 cm of cold water in the sink. Add the 
hydrochloric acid and cover the top of the flask to 
stop fumes escaping. Leave for 10 min. Decant into 
a labelled bottle for use. The final concentration of 
HC} is 3%. 


5. Methylene blue counterstain 


Loeffler’s methylene blue (see above). 


6. Malachite green counterstain 


Malachite green (e.g. BDH 34045) 5g 
Distilled water 500 ml 


Ns Or... 


250 ml 


Add the dye to the water in a bottle and shake to 
dissolve. The 1% stock solution is diluted to make 
the working solution. 


1% stock solution 40 ml 
Distilled water 360 ml 


This stain gives smears a pale green background 
which is required for the method in which a deep 
blue-green filter is used for the easy recognition of 
tubercle bacilli. 


ZN Method A (for single smears) 


1. Make a smear on a numbered slide, dry and fix 
by flaming. Place the slide on a staining rack over 
the sink. 

2. Cover the slide with ZN carbol fuchsin filtered 
through Whatman No. 1 paper. 

3. For heating the slide, make a torch by twisting 
a small piece of cotton-wool on to the tip of an ino- 
culating wire. Soak the swab in methylated spirit and 
ignite It. 

4. Heat the slide until the steam rises, but without 
boiling. Allow the preparation to stain for 5 min, 
applying heat at intervals to keep the stain hot. 
Each time the steam rises, extinguish the torch. After 
about 1 min recharge the swab with spirit, ignite 
and heat again to steaming. Continue in this way 
for 5min. Do not allow the stain to dry on the 
slide; if necessary pour on more carbol fuchsin to 
cover it. 

5. Wash both sides of the slide with water from 
the tap. Shake or drain off excess water. 

6. Cover the slide with 20% sulphuric acid. The 
red colour of the preparation is changed to yellow- 
brown. After about 1 min in the acid, wash the 
slide with water, and pour on fresh acid. Repeat this 
procedure several times. The object of the washing 
is to remove the compound of acid with stain and 
allow fresh acid to gain access. 

Decolourization generally requires contact with 
sulphuric acid for a total time of at least 10 min. 
When it is complete, the film, after washing, is only 
very faintly pink. 

7. Wash the slide well with water to remove all 
traces of acid. 

8. Cover with 95% alcohol for 2 min. This step ts 
optional, and may be omitted. Its advantages have 
been described above. 

9, Wash with water. 

10. Counterstain with Loeffler’s methylene blue 
or dilute malachite green for 15-20 seconds. 

11. Wash, blot with clean paper, dry and mount. 


Acid-fast bacilli are stained bright red, while other 
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organisms, tissue cells and debris are stained blue 
or green according to the counterstain used. If tissue 
cells or the background appear red, the preparation 
has not been adequately decolourized. 

Note: ZN staining should not be done in staining 
jars, for tubercle bacilli from a positive smear may 
become detached into the stain or decolourizer and 
adhere to a subsequent negative smear, giving a false- 
positive result. Each slide, therefore, must be treated 
separately with fresh reagent poured on from the 
bottle. Also to avoid false-positive results, it 1s neces- 
sary always to use a fresh, clean piece of blotting 
paper to blot the stained preparations, for stained 
bacilli picked up on used paper may be transferred 
to a subsequent smear. 


ZN Method A (for tissue sections) 


1. Treat the section mounted on the slide with 


xylene to remove paraffin. Wash well with alcohol. 


and finally with water. 

2. Stain with ZN carbol fuchsin as described above 
for smears, but heat gently, otherwise the section may 
become detached from the slide. 

3. Decolourize with 20% sulphuric acid and then 
with 95% alcohol as described for smears. ‘The pro- 
cess takes longer due to the thickness of the section. 
Take care not to dislodge the section when washing. 

4. Wash well with water. 

5. Counterstain with methylene blue or malachite 
green for 0.5—1 min. 

6. Wash with water. 

7. With clean filter paper or fluffless blotting 
paper, wipe the slide dry all round the secnon and 
gently blot the section. Flush with absolute alcohol, 
wipe the slide again with fresh paper and clear in 
xylene. 

8. Mount in Canada balsam or DPX. 


ZN Method B (for multiple smears) 


1. Make smears on numbered slides, dry and fix 
by flaming. Place side by side, but not touching each 
other, on a staining rack over the sink. 

2. Cover the slides with ZN carbol fuchsin filtered 
through Whatman No. I paper. 

3. Make a torch with a small swab as described 
in ZN Method A and soak it in methylated spint. 
Ignite it and use it to heat the row of slides until all 
begin to steam, but without boiling. Extinguish the 
torch and leave smears in the hot stain for 3 min. If 
the stain begins to dry, add more to keep the smears 
covered. 

4. Recharge the torch with methylated spirit, 


802 


reignite it and use it again to heat the slides to 
steaming but without boiling. Leave smears in the 
hot stain for a second 3 min. 

5. Wash the slides gently with water from the tap 
to remove all unfixed stain. 

6. Cover the slide with an excess of acid—alcohol 
(3% HCl in ethanol) and leave to decolourize for 
3 min. 

7. Wash gently with tap water. 

8. Cover slides with an excess of 20% sulphuric 
acid and leave to decolourize for 5 min. (Note: excess 
decolourizer flowing on to the bottom side of the 
slide removes dried stain from it.) 

9. Wash gently with tap water. 

10. Again cover with 20% sulphuric acid and leave 
to decolourize for a second period of 5 min. 

11. Wash gently with tap water. 

12. Cover with dilute malachite green counter- 
stain for 20-30 seconds. 

13. Wash gently with tap water. 

14, Dry the slides on a heated slide drier or blot 
with clean blotting paper and allow to dry in air. 


ZN methods for weakly acid-fast 
organisms 


1. Leprosy bacilli are acid-fast, but usually to a 
lesser degree than the tubercle bacillus. They are 
stained in films or sections in the same way as the 
tubercle bacillus, except that 5% sulphuric acid is 
used for decolourization in the place of 20% sulphuric 
acid or acid—alcohol. 

2. Sections of tissues containing ‘clubs’ formed by 
actinomycetes, mycobacteria and nocardiae can be 
stained by ZN stain and decolourized with 1% sul- 
phuric acid to demonstrate the acid-fastness of the 
clubs. 

3. Brucella differential stain. Brucella abortus in in- 
fected tissue or exudate may be distinguished from 
the latter by its weakly acid-fast reaction. Stain with 
dilute (1-in-10) carbo] fuchsin, without heating, for 
15 min. Decolourize with 0.5% acetic acid solution 
for 15 seconds, wash thoroughly with tap water and 
counterstain with Loeffler’s methylene blue for 1 min. 


FLUOROCHROME STAINING OF ACID- 
FAST BACTERIA 


A stain containing the fluorescent dye, auramine O, 
is substituted for the hot carbol fuchsin in the 
Ziehl—Neelsen method. Tubercle bacilli are rendered 
fluorescent and easy to detect by fluorescence 
microscopy. 
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Auramine phenol stain 
Auramine O (powder) 3g 
Pheno} (crystalline) . 30g 
Distilled water 1 litre 


Dissolve the phenol in the water with gentle heat. 
Add the auramine gradually and shake vigorously 
until dissolved. Filter and store in a dark, stoppered 
bottle. 


Commercial stain 


It is preferable to obtain concentrated auramine 
pheno! stain, ready made, from a commercial source, 
e.g. Auramine Phenol x10 (PL8008) from Pro-Lab, 
and dilute for use. 


Concentrated (x10) auramine phenol 100 ml 
Distilled water 900 ml 


- Add the auramine phenol to the water in a-flask, 
mix, and place at 37°C overnight to dissolve. Filter 
through Whatman No. | paper into a storage bottle. 
Before use, filter again into a small in-use bottle. 


1% acid—alcoho! decolourizer 


Concentrated hydrochloric acid 20 mi 
Industrial methylated spirit 1980 ml 


Pour the methylated spirit into a large flask and 
place the flask in 5-8 cm of cold water in the sink. 
Add the hydrochloric acid and cover the top of 
the flask to prevent the escape of fumes. Leave for 
10 min, Decant into a labelled bottle. 


Potassium permanganate counterstain 


Potassium permanganate 22 
Distilled water 2 litres 


Add the potassium permanganate to the water 
and shake to dissolve to make a 0.1% solution. 


Procedure 


1. Place the dried, heat-fixed smear on a staining 
rack over the sink. Smears of sputum should be thin. 

2. Cover the smear with auramine phenol and 
leave to stain at room temperature for 10 min. 

3. Wash off stain with water from the tap. 

4. Cover the slide with an excess of 1% acid— 
alcohol and leave to decolourize for 5 min. 

5. Wash off decolourizer with water from the tap. 

6. Cover the smear with the 0.1% potassium 
permanganate counterstain and leave for 15 seconds. 
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7. Wash off counterstain with water from the 
tap. 

8. Dry on heated drier or dry in air. Do not use 
blotting paper. 

9. Examine the film dry by fluorescence micro- 
scopy with a 4mm objective. Tubercle bacilli are 
seen as yellow luminous rods in a dark field. When 
detected under low power, the morphology of the: 
bacilli is confirmed with an oil-immersion objective. 
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STAINING OF VOLUTIN- CONTAINING 
ORGANISMS 
Well developed granules of volutin (polyphosphate) 
may be seen in unstained wet preparations as round 
refractile bodies within the bacterial cytoplasm. With 
basic dyes they tend to stain more strongly than 
the rest of the bacterium, and with toluidine blue 
or methylene blue they stain metachromatically, a 
reddish-purple colour. They are demonstrated most 
clearly by special methods, such as Albert’s and 
Neisser’s, which stain them dark purple but the 
remainder of the bacterium with a contrasting coun- 
terstain. The diphtheria bacillus gives its characteris- 
tic volutin-staining reactions best in a young culture 
(18-24 h) on a blood or serum medium. 

Neisser’s method is described in the 13th edition 
of this book. The following method is recommended 
for routine use. 


Albert—Laybourn method 


Laybourn’s (1924) modification, in which malachite 
green is substituted for methyl green, is given here 
instead of the original method of Albert. 


Staining solution 
Toluidine blue 15¢ 
Malachite green 22 
Glacial acetic acid 10 ml 
Alcohol (95% ethanol) 20 ml 
Distilled water 1 litre 


Dissolve the dyes in the alcohol and add to the 
water and acetic acid. Allow to stand for one day and 
then filter. 


Albert's iodine 
Iodine 6¢ 
Potassium iodide 9g 
Distilled water 900 ml] 
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Procedure _ 


1. Make film, dry in air, and fix by heat. 

2. Cover slide with Albert’s stain and allo.y to act 
for 3-5 mun. 

3. Wash in water and blot dry. 

4, Cover slide with Albert’s iodine and allow to 
act for 1 min. 

5. Wash and blot dry. 


By this method the granules stain bluish black, 
the protoplasm green and other organisms mostly 
light green. 





SATS ST CE 
STAINING OF SPORES 


The morphology-of bacterial. endospores -is best 
observed in unstained wet films under the phase- 
contrast microscope, where they appear as large, 
refractile, oval or spherical bodies within the bacterial 
mother cells or else free from the bacteria. 

If spore-bearing organisms are stained with ordinary 
dyes, or by Gram’s stain, the body of the bacillus is 
deeply coloured, whereas the spore is unstained and 
appears as a clear area in the organism. This is the 
way in which spores are most commonly observed. 
If desired, however, it is possible by vigorous staining 
procedures to introduce dye into the substance of 
the spore. When thus stained, the spore tends to 
retain the dye after treatment with decolourizing 
agents, and in this respect behaves similarly to the 
tubercle bacillus, but is more weakly acid-fast. 

A modified Zieh!-Neelsen stain in which weak, 
0.25% sulphuric acid is used as decolourizer, yields 
red spores in blue-stained bacteria. Lipid granules 
also stain red, sail like small] spherical seit 


Malachite green stain for spores (method 
S. ~~ aia & Fulton, modified by Ashby, 
38 


Films are dried and fixed with minima! flaming. 


1. Place the slide over a beaker of boiling water, 
resting it on the rim with the bacterial film uppermost. 

2. When, within several seconds, large droplets 
have condensed on the underside of the slide, flood 
it with 5% aqueous solution of malachite green and 
leave to act for | min while the water continues to 
boil. 

3. Wash in cold water. 

4. Treat with 0.5% safranine or 0.05% basic 
fuchsin for 30 seconds. 

5. Wash and dry. 
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This method colours the spores green and the 
vegetative bacilli red. Lipid granules are unstained. 
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STAINING OF CAPSULES - 


Capsules. The capsules of bacteria present in 
animal tissues, blood, serous fluids and pus are 
often clearly stained when these materials are treated 
by one of the common stains such as basic fuchsin, 
polychrome methylene blue (as in McFadyean’s 
stain for anthrax bacilli, Ch. 17), Leishman’s stain 
and Gram’s stain (which colours them with the red 
counterstain). Special capsule stains may be of little 
advantage in such cases. On the other hand, when 
artificial cultures of bacteria are being examined, 
the capsules normally are not coloured by ordinary 
staining methods and special methods must be 
employed for their demonstration, e.g. ‘negative’ or 
‘relief staining. 

The best method for staining capsules on bacteria 
from cultures in either liquid or solid media is the 
wet-film India ink method. Dry-film negative stain- 
ing methods using India ink, nigrosin or eosin are 
somewhat less reliable since occasionally shrinkage 
spaces give the appearance of capsules around bac- 
teria that are non-capsulate and occasionally, especially 
in thick films, capsules may be shrunken or obscured 
to the point that they are rendered invisible. Dry 
film methods in which positive staining of capsules is 
attempted are the least reliable and are not recom- 
mended. The advantages and disadvantages of all these 
different methods are discussed by Duguid (1951). 

Loose slime. Many capsulate and some non- 
capsulate bacteria secrete extracellularly a soluble, 
viscid material, generally polysaccharide in composi- 
tion. This may be seen in preparations made by 
some of the methods used for staining of capsules. 
The wet-film India ink method is recommended for 
this purpose. The slime appears as irregular masses 
of amorphous material lying between the bacteria 
and outside the capsules of capsulate ones. 


Wet India ink films for capsules 


If a permanent preparation is required for demon- 
stration of bacterial capsules, it is necessary to use 
a dry-film method; otherwise capsules are best 
observed in very thin wet films of India ink. This is 
the simplest, most informative and most generally 
applicable method of demonstrating capsules. The 
capsules do not become shrunken, since they are 
not dned or fixed, and they are clearly apparent 
even when narrow. 
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India ink. A suitable supply of India ink is es- 
sential. It must be dense, homogeneous, very finely 
granular and free from contamination with capsulate 
or non-capsulate bacteria. A film of the ink alone 
should be examined on each occasion of use to 
ensure that it meets these criteria. 


Procedure 


1, Carefully wipe a microscope slide free from 
particles of dust or grit. 

2. Place a large loopful of undiluted India ink 
on the slide. 

3. Emulsify a very small portion of solid bacterial 
culture or a small loopful of liquid culture in the ink. 
Rub the speck of solid material on the slide surface 
just beside the ink before mixing it into the ink. 

4. Place a clean, grit-free cover-slip on the ink 
drop and press it down through a sheet of blotting 
paper so that the film becomes very thin and thus 
pale in colour. The film should be so thin that the 
bacterial cell with its capsule is ‘gripped’ between the 
slide and cover-slip, neither being overlaid by ink 
nor being capable of moving about. 

Some practice is required in making satisfactory 
films of the correct thickness. If the film is left too 
thick, the capsule is obscured by the overlying ink. 
If it is pressed too thin, the capsules are crushed or 
flattened and the ink background becomes too pale 
to give a good contrast. The commonest errors are 
to use diluted ink and to make the films too thick. 

Appearances. On microscopical examination with 
the oil-immersion objective the highly refractile 
outline of the bacterium is seen. Between this refrac- 
tile surface membrane and the dark background of 
ink particles there is a clear space which represents 
the capsule; the capsular zone may be from a fraction 
of a micrometre to several micrometres in width. 
Non-capsulated bacteria do not show this clear zone; 
the ink particles directly abut the refractile cell wall 
and, in consequence, these bacteria are not easily 
seen. When solid bacterial culture is newly mixed 
with the ink, any /oose slime in it can be seen as irregu- 
lar strands and masses, lighter than the ink, which 


- gradually disperse from the bacteria and dissolve in 


the ink. Loose slime is generally invisible if the prepa- 
rations are made from cultures in a liquid medium. 

Use of phase-contrast microscope. It is recom- 
mended that wet India ink films be examined with a 
phase-contrast microscope. Since the bodies of the 
bacteria are not stained in such films their outlines 
are only faintly visible under the ordinary micro- 
scope. With the phase-contrast microscope the 
bodies of the bacteria appear dark and are seen in 
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clear contrast to the bright capsular zones surrounding 
them. 


*% 


Because of their extreme thinness, flagella are best 
demonstrated with the electron microscope; metal- 
shadowed films or films made with phosphotungstic 
acid (PTA) for ‘negative staining’ are employed. 

When an electron microscope is not available, it 
is possible to demonstrate the presence and arrange- 
ment of flagella by special staining methods for the 
light microscope. To be resolvable, the flagella must 
be thickened at least ten-fold by a superficial deposi- 
tion of stain procured by the action of a mordant, 
usually tannic acid. Leifson’s method is described 
in the 13th edition of this book. That, and other 
methods yielding permanent preparations require 
most careful attention to details of technique and, 
even s0, give variable results. Often, most of the 
bacteria are separated from their flagella and the pre- 
paration is obscured by a heavy precipitate of stain. 
An easier, cleaner and more reliable method for 
staining flagella in wet mounts has been described by 
Heimbrook et al (1989). 


Wet-mount flagellar stain 


Mordant solution 
Phenol, 5% (w/v) aqueous solution 10 ml 
‘Tannic acid : 2g 
Aluminium potassium sulphate, 


saturated aqueous solution 10 ml 
Ryu's stain 
Crystal violet, saturated ethanolic 
solution (12 g/100 ml of 95% ethanol) 10m) 
Mordant solution 100 ml 


Filter stain through filter paper and keep in a syringe 
with a 0.22 {im pore-size porous membrane between 
the syringe and needle and the needie stuck in a 
rubber stopper to prevent drying. The stain remains 
stable for several weeks at ambient temperature. 


Procedure 


Grow bacteria for 16-24h on a non-inhibitory 


medium, e.g. tryptic soy agar or blood agar. Touch a 
loopful of water onto the edge of a colony and let 
motile bacteria swim into it. Then transfer the 
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loopful into a loopful of water on a slide to get a 
faintly turbid suspension and cover with a cover-slip. 
The bacterial suspension is thus prepared with 
a minimum of agitation, which would detach the 
flagella. 

After 5-10 min, when many bacteria have attached 
to the surfaces of the slide and cover-slip, apply two 
drops of Ryw’s stain to the edge of the cover-slip and 
leave the stain to diffuse into the film. Examine with 


the microscopé after standing 5-15 min at ambient 


temperature. 





STAINING OF INTRACELLULAR LIPID 
Burdon’s (1946) method 


Sudan black stain 


Sudan black B powder 
70% ethyl alcohol 


0.3¢g 
100 ml 


Shake thoroughly at intervals and stand overnight 
before use. Keep in a well stoppered bottle. 


Procedure 


1. Make a film, dry in air and fix by flaming. 

2. Cover the entire slide with Sudan black stain 
and leave at room temperature for 15 min. 

3, Drain off excess stain, blot, and dry in air. 

4, Rinse thoroughly with xylene and again blot dry. 

5. Counterstain lightly by covering with 0.5% 
aqueous safranine or dilute carbol fuchsin for 5-10 
seconds; rinse with tap water, blot and dry. 


Lipid inclusion granules are stained blue-black 
or blue-grey, while the bacterial cytoplasm is stained 


light pink. 


Lipid/spore stain (Holbrook & Anderson 
1980 


This combined method of differentially staining lipid 
granules black, spores green and cytoplasm red has 
been recommended for demonstrating the character- 
istic morphology of Bacillus cereus and related Bacillus 
species. It is equivalent to combining Burdon’s stain 
for lipid with Ashby’s stain for spores. 


1, Prepare a film from the centre of a 1-day-old 
colony or from the edge of a 2-day-old one. 

2. Air-dry the film and fix with minimal flaming. 

3. Stain the film with 5% malachite green for 
2 min while the slide is held a little above the surface 
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of boiling water in a beaker. Then wash with water 
ms blot dry. 
. Stain with 0.3% Sudan black B in 70% ethanol 

Ps 15 min. 

5. Wash film with xylene for 5 seconds and blot 
dry. 

6. Counterstain with 0.5% safranine for 20 seconds. 
Wash in water, dry and examine. 


PARSER ARTS Cae eat Me UR oe So CAE A SL gh Re ce 
STAINING OF CELL POLYSACCHARIDES 


Periodic acid-Schiff (PAS) method for 
fungi in tissue sections 


The polysaccharide constituents of bacteria and fungi 
are oxidized by periodate to form polyaldehydes 
which yield red-coloured compounds with Schiff’s 
fuchsin-sulphite; the proteins and nucleic acids re- 
main uncoloured. The method may be used to reveal 
fungal elements in sections of infected animal tissue; 
the fungi stain red, while the tissue material, except 
glycogen and mucin, fails to take the stain. 


Periodic acid solution 


Dissolve 1 g periodic acid in 100 ml distilled water. 
The solution is best used immediately, but may be 
used for one or two days if protected from hight. 


Fuchsin-sulphite solution 


Dissolve 2 g basic fuchsin in 400 ml boiling water, 
cool to 50°C and filter. To the filtrate add 10 ml 
of 2 moV/litre hydrochloric acid and 4g potassium 
metabisulphite. Stopper and leave in a dark cool 
place overnight. Add 1g decolourizing charcoal, 
mix and filter promptly. Add up to 10 ml or more 
2 mol/litre hydrochloric acid until the mixture when 
drying in a thin film on glass does not become pink. 
Preserved in the dark and well stoppered, the stain 
remains effective for several weeks. 


Sulphite wash 


Add 2 g potassium metabisulphite and 5 ml concen- 
trated hydrochloric acid to 500 mi distilled water. 
This should be freshly prepared. 


Procedure 


1. Bring sections to distilled water. 
2. Treat for 5 min with a freshly prepared 1% 
solution of periodic acid in water. 
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3. Wash in running tap water for 15 min and rinse 
in distilled water. 

4. Stain with fuchsin—sulphite for 15 min. 

5. Wash two or three times with sulphite wash 
solution. Wash with water. 

6. Wash in running tap water for 5 min and rinse 
in distilled water. 

7. Counterstain with dilute aqueous sontentite 
green or with 0.1% light green in 90% alcohol for 
1 min. 

8. Dehydrate rapidly in absolute alcohol, clear 
in xylene and mount in Canada balsam. 
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IMPRESSION PREPARATIONS 


This method has been used in the morphological 
study of mycoplasma cultures (Klieneberger 1934). 

The essential part of the technique is to remove a 
small slab, about 2 mm thick, of the solid medium 
(e.g. serum agar) on which the organism is growing 
and place it colony downwards on a cover-slip. The 
whole is immersed in fixative, so that the fixing 
fluid penetrates through the agar to reach the colony. 
When the bacteria are fixed, the agar is removed care- 
fully from the coyer-slip which is well washed for 
2h in distilled water, suitably stained and mounted. 
As fixative, Bouin’s or Flemming’s fluid may be 
used (see below). For staining, methylene blue or 
dilute carbo! fuchsin may be employed, but Giemsa’s 


stain, applied by the slow method, is the most. 


satisfactory for mycoplasmas. The agar slabs, after 
fixation, may also be embedded, and vertical sections 
of the colony cut with a microtome. 

The ‘hot-water transfer’ method of Clark et al 
(1961) is also useful for morphological studies 
of mycoplasma. The transferred colonies may be 
stained directly on the slide by the slow method of 
Giemsa. 


STAINING WITH ACRIDINE ORANGE 


Acridine orange R has a marked affinity for nucleic 
acids. When cells stained with it are viewed by ultra- 
violet (UV) radiation, the RNA components fluoresce 
orange-red and the DNA components yellow-green. 
The method is of value in studying the growth of 
viruses in their host cells (Anderson et al 1959, 
Jamison & Mayor 1965) and for revealing scanty 
bacteria in wet films, e.g. in the examination of blood 
cultures in which scanty Gram-negative bacteria 
may be overlooked in Gram-stained films. 
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Reagents 


1. Acid—alcohol: 3% HCl in 95% ethanol. 

2. Acridine orange R, 0.1% in distilled water. 

3. Citrate—-phosphate buffer pH 3,8. Mix 32.3 ml 
of 0.1 molWlitre (19.21 g/l) citric acid solution with 
17.7 ml of 0.2 mol/litre (28.39 g/l) Na,ZHPO, solu- 
tion and make up to 100 ml with distilled water. 
Check the pH. 


Prepare solutions 2 and 3 freshly each week 
and store them at 4°C, the stain in the dark, covered 
with foil. On the day of use, dilute the 0.1% 
acridine orange | in 10 with the buffer to obtain 
0.01% stain. 


Staining celis and exudates 


1. Collect living cells, tissue cultures or exudates 
on cover-slips. 

2. Without allowing to dry, place the cover-slip in 
the acid—alcohol for 5 min. 

3, Rinse for 2 min in two changes of buffer. 

4, Stain in 0.01% acridine orange for 4-10 min. 

5. Wash in two changes of buffer for 2 min. 

6. Mount in buffer under a cover-slip and seal 
the edges. 


Staining bacteria in wet films 


1. With a 1 tl loop place a drop of 0.01% acridine 
orange stain on the centre of a slide. 

2. With another I pl loop add a drop of the 
specimen, e.g. blood culture fluid, to the stain and 
mix gently. 

3. Ring the drop of mixture with a ‘wall’ of soft 
petroleum jelly and apply a cover-slip. 

4. Examine with a UV fluorescence microscope 
(Ch. 44) and a x40 dry objective. 


THE ROMANOWSKY STAINS 


The original Romanowsky stain was made by dis- 
solving in methyl alcohol the compound formed by 
the interaction of watery solutions of eosin and zinc- 
free methylene blue. The origina! stain has now been 
replaced by various modifications which are easier 
to use and give better results; these are Leishman’s, 
Wright’s, Jenner’s and Giemsa’s stains. The peculiar 
property of the Romanowsky stains is that they 
impart a reddish-purple colour to the chromatin of 
malaria and other parasites. This colour is due to 
a substance which forms when methylene blue is 
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‘ripened’, either by age, as in polychrome methylene 
blue, or by heating with sodium carbonate. The 
latter method is employed in the manufacture of 
Leishman’s and Wright’s stains. The ripened methyl- 
ene blue is mixed with a solution of water-soluble 
eosin, when a precipitate, due to the combination 
of these dyes, is formed. The precipitate is washed 
with distilled water, dred and dissolved in pure 
methyl alcohol. (The methyl alcohol, i.e. methanol, 
must be ‘pure, for analysis’, and have a pH of 6.5. 
If too acid, the reaction must be adjusted by the 
addition of 0.01 mol/litre NaOH.) Each modification 
of the Romanowsky stain varies according to the 
‘ripening’ and the relative proportions of methylene 
blue and eosin. 

The Romanowsky stains are usually diluted for 
staining purposes with distilled water, when a pre- 
cipitate is formed which is removed by subsequent 
washing. 


Leishman’s stain (for protozoa in blood 
films) 


This stain may be purchased as a solution ready 
for use or made by dissolving 0.15 g of Leishman’s 
powder in 100 ml pure methyl! alcohol (methanol). 
The powder is ground in a mortar with a little methyl 
alcohol (‘pure, for analysis’, pH 6.5), the residue 
of undissolved stain allowed to settle and the fluid 
decanted into a bottle. The residue in the mortar 
is treated with more methy] alcohol, and the process 
is repeated until all the stain goes into solution. The 
remainder of the methyl alcohol is now added. 
The stain can be used within an hour or two of 
making. 


Films 


Dry unfixed films are used. The stain is first used 
undiluted, and the methyl alcohol fixes the film. The 
stain is then diluted with distilled water, and the 
staining proper carried out. 


1. Pour the undiluted stain on the unfixed film 
and allow it to act for 1 min. 

2. By means of a pipette and rubber teat add 
double the volume of distilled water to the slide, mix- 
ing the fluids by alternately sucking them up in the 
pipette and expelling them. Allow the diluted stain 
to act for 12 min. 


3. Flood the slide gently with distilled water, 


allowing the preparation to differentiate in the dis- 
tilled water until the film appears bright pink in 
colour — usually about 30 seconds. 


808 


I 


4. Remove the excess water with blotting paper 
and dry in air. 


It is important that the reaction of the distilled — 


tions from neutrality may alter considerably the 
colour of granules in white blood corpuscles, etc., 
and give rise to supposed ‘pathological’ appearances 
in cells which are really normal. . 

Much trouble will be eliminated if a buffer solu- 
tion is used instead of distilled water for diluting the 
stain and washing the slide. It is made as follows: 


Na,HPO, (anhydrous) 5.447 g 
KH,PO, 4,752 bt 


Mix together in a mortar and keep as such, The 
buffer mixture is quite stable. 

Add 1 g of buffer mixture to 2 litres of distilled 
water and this gives a pH of 7.0, which is suitable 
for most work. 

Some samples of stain may require a slightly more 
acid solution, of pH 6.8. For this mix: 


Na,HPO, (anhydrous) 4.5392 
KH,PO, 5.940 g 


Add 1] g of the mixture to 2 litres of distilled water. 


Sections 


1. Treat the section with xylene to remove the 
paraffin, then with ethyl alcoho] and finally distilled 
water. 

2. Drain off the excess water and stain for 5—10 min 
with a mixture of ] part Leishman’s stain and 2 parts 
distilled water or buffer solution. . 

3. Wash with distilled water. 

4. Differentiate with a weak solution of acetic 
acid (1 in 1500), controlling the differentiation 
under the low power of the microscope until the 
protoplasm of the cells is pink and only the nuclei are 
blue. 

5. Wash with distilled water or buffer solution. 

6. Blot, dehydrate with a few drops of absolute 
alcohol, clear in xylene and mount in Canada balsam 
or preferably DPX mounting medium. 


Giemsa’s stain (for protozoa and 
spirochaetes) 


This consists of a number of compounds made by 
mixing different proportions of methylene blue and 
eosin. These have been designated Azur I, Azur II 
and Azur II-eosin. The: preparation is most conven- 
iently purchased as a ready-made solution from a 
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commercial source. A method of preparation devised 
by Lillie (1943) is described in the 13th edition of 
this book. 

This stain may be used in a manner somewhat 
similar to Leishman’s preparation (the ‘rapid method’), 
or prolonged staining may be carried out, as, for ex- 


ample, in staining spirochaetes (the ‘slow method’). 


In both cases the preparation must be fixed prior 
to staining, either with methy] alcohol (methanol) for 
3 min, or with absolute alcohol (ethanol) for 15 min, 

It is an advantage of Giemsa’s stain over Leishman’s 
that fixation is by alcohol instead of by undiluted 
stain which, particularly in the tropics, may deposit 
precipitate on the film. 

Rapid and slow methods for general use are de- 
scribed below, and methods preferred for staining 
single and multiple films of malaria blood and tissue 
aspirates are described in Chapter 42. 


Rapid method 


1. Fix films in methyl] alcohol for 3 min. 

2. Stain in a mixture of | part stain and 10 parts 
buffer solution pH 7.0 for 1 h. 

3. Wash with buffer solution, allowing preparation 
to differentiate for about 30 seconds. 

4. Blot and allow to dry in air. 


This method of staining gives excellent results with 
thin blood films for malaria parasites, Schiffner’s 
dots being well defined. Trypanosomes are also well 
demonstrated. 

A rapid method with the application of heat is useful 
for demonstrating spirochaetes: 


1. Fix preparations with absolute alcohol (15 min) 
or by drawing three times through a flame. 

2. Prepare a fresh solution of 10 drops of Giemsa’s 
solution with 10 ml of buffer solution of pH 7.0, 
shake gently and cover the fixed film with the diluted 
stain, Warm till steam rises, allow to cool for 15 
seconds, then pour off and replace with fresh stain 
and heat again. 

3. Repeat the procedure four or five times, wash 
in distilled water, dry and mount. 


Slow method 


This is a specially valuable method for demonstrating 
objects difficult to stain in the ordinary way, €.g. 
certain pathogenic spirochaetes. The principle is 
to allow the diluted stain to act for a considerable 
period. As the mixture of stain and water causes a 


fine precipitate, care has to be taken that this does 


not deposit on the film. 


1. Fix the film in methy] alcoho! for 3 min. 

2. Mix 1 ml stain with 20 ml buffer solution, pH 
7.0, in a Petri dish. 

3. Place a piece of thin glass rod in the stain in 
the dish. 

4. Place the fixed slide, film side downwards, in 
the stain with one end resting on the rod so that there 
is sufficient stain between the film and the bottom 
of the dish. 

5. Leave to stain for 16-24 h. 

6. Wash the slide in a stream of buffer solution. 

7. Allow to dry in air, mount and examine. 
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STAINING OF SPIROCHAETES 


The larger spirochaetes, e.g. borreliae, stain by or- 
dinary methods, including Gram’s (giving a negative 
reaction), Leishman’s and Giemsa’s. The smaller 
ones, €.g. treponemes and leptospires, are too thin 
to be demonstrated by ordinary stains. They are 
best observed in unstained wet films under the dark- 
ground microscope where their bright appearance 
and motility draw attention to them. 

If a permanent preparation of small spirochaetes 
is required, use may be made of a silver impregna- 
tion method which artificially thickens them with 
a deposit of silver. The classical methods of Fontana 
(for films) and Levaditi (for sections) are described 
below. Faulkener & Lillie’s modified silver method 
has been recommended for demonstrating leptospires 
in sections of tissue (Faine 1965). 


Fonitana’s method for films 


Solutions 

a. Fixative 
Acetic acid 1 ml 
Formalin (40% H.CHOQ) 2 ml 
Distilled water 100 ml 

b. Mordant 
Phenol lg 
Tannic acid dg 
Distilled water 100 ml 


c. Ammoniated silver nitrate 


Add 10% ammonia to 0.5% solution of silver 
nitrate in distilled water until the precipitate formed 
just dissolves. Now add more silver nitrate solution 
drop by drop until the precipitate returns and does 
not redissolve. 
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Procedure 

1, Treat the film three times, 30 seconds each 
time, with the fixative. 

2. Wash off the fixative with absolute alcohol and 
allow the alcohol to act for 3 min. 

3. Drain off the excess alcohol and carefully burn 
off the remainder until the film is dry. 

4. Pour on the mordant, heating til] steam rises, 
and allow it to act for 30 seconds. 

5. Wash well in distilled water and again dry the 
slide. 

6. Treat with ammoniated silver nitrate, heating 
till steam rises, for 30 seconds, when the film becomes 
brown in colour. 

7. Wash well in distilled water, dry and mount 
in Canada balsam. 





it is essential that the specimen be mounted in 
balsam under a cover-slip before examination, as 
some immersion oils cause the film to fade at once. 

The spirochaetes are stained brownish-black on 
a brownish-yeliow background. 


Levaditi’s method of staining 
spirochaetes in tissues 


This modified method using pyridine is more rapid 
than the original technique. 


1. Fix the tissue, which must be in small pieces 
i mm thick, in 10% formalin (4% formaldehyde) for 
24h. 

2. Wash the tissue for 1 h in water and thereafter 
place it in 96-98% alcohol for 24 h. 

3. Place the tissue in a 1% solution of silver nitrate 
(to which one-tenth of the volume of pure pyridine 
has been added) for 2h at room temperature, and 


thereafter at about 50°C for 4-6h. Then rapidly 


wash the tissue in 10% pyridine solution. 
4. Transfer to the reducing fluid, which consists of: 


Formalin 4% (1.6% H.CHO) 


to which are added immediately before use: 


100 parts 


Acetone (pure) 
Pyridine (pure) 


Keep the tissue in this fluid for 2 days at room 
temperature in the dark, 

5. After washing well with water, dehydrate the 
tissue with increasing strengths of alcohol and embed 
in paraffin. Thin sections are cut and mounted in 
the usual way. After removing the paraffin with 
xylene the sections are immediately mounted in 
Canada balsam. 


10 parts 
15 parts 
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As the ordinary routine bacteriological investigation 
of tissues is carried out almost exclusively with paraf- 
fin sections, this technique only will be described. 

The fixed tissue is embedded in paraffin wax to 
support it during the cutting of the section, and the 
section is held together by the wax in the process 
of transferring it to the slide. 

The paraffin wax must completely permeate the 
tissue, but before it can do so, all water must be 
removed from the material and replaced by a Suid 
with which melted paraffin will mix. 

Water, therefore, is first removed with several 
changes of alcohol; the alcohol is replaced by some 
fluid — such as xylene, acetone, chloroform — which 
is a solvent of both alcohol and paraffin wax, and 
the tissue is finally embedded in melted paraffin. 

Before removing the water from the tissue pre- 
paratory to embedding, the tissue must be suitably 
fixed and hardened. 

The essentials for obtaining good sections are: 


1. The tissue must be fresh. 

2. It must be properly fixed by using small pieces 
and employing a large amount of fixing fluid. 

3. The appropriate fixing fluid (see below) must 
be employed for the particular investigation required. 

4. ‘The tissue must not remain too long in the 
embedding bath. } 


Formalin 10% 


Formalin is a 38-40% (w/v) solution of formaldehyde 
(H.CHO) in water containing 10% methanol to 
inhibit polymerization (i.e. 38-40 g H.CHO/100 ml 
solution), 

10% commercial formalin (4% formaldehyde) in 
0.85% NaCl solution is a good general fixative. It is 
easily prepared, has good penetrating qualities, does 


not shrink the tissues, and permits considerable. 


latitude in the time during which specimens may be 
left in it. Formalin fixation is not as good as other 
methods where fine detail has to be observed, as, for 
example, in material containing protozoa. For gen- 
eral routine use, however, it is the most convenient 
and useful of fixatives. Tissue should be cut into thin 
slices, about 4mm thick, and dropped into a large 
bulk of fixative. The fluid may be changed at the 
end of 24 h, and fixation is usually complete in 48 h. 
Specimens are then washed in running water for 
an hour and transferred to 50% alcohol. In the latter 
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fluid they may be kept for a considerable time 
without deterioration. 

Formalin tends to become acid owing to the 
formation of formic acid. The strong formalin should 
be kept neutral by the addition of an excess of mag- 
nesium carbonate. The clear supernatant fluid is 
decanted off when formalin dilutions are required. 


‘Susa’ fixative 
Mercuric chloride 45g 


Distilled water 800 ml] 
Sodium chloride 5g 


Trichloracetic acid 20 ¢ 
Acetic acid (glacial) 40 ml 
Formalin (40% formaldehyde) 200 ml 


This is one of the best fixatives for both normal 
and pathological tissues, Pieces of tissue not.thicker 
than 1 cm should be fixed for 3-24 h, depending 
on the thickness. The material should be transferred 
direct to 95% alcohol. Lower grades of alcohol, 
or water, may cause undue swelling of connective 
tissue. Add to the alcohol sufficient of a saturated 
solution of iodine in 95% alcohol to give a brown 
colour. If the latter fades, more iodine should be 
added. 

The advantages of ‘Susa’ fixative are rapid and 
even fixation with little shrinkage of connective tis- 
sue. The transference direct to 95% alcohol shortens 
the time of dehydration, while tissues thus fixed are 
easy to cut. 


Bouin’s fluid 
This fixative is useful for the investigation of virus 
inclusion bodies. 


Saturated aqueous solution of 


picric acid 75 parts 
Formalin 25 parts 
Glacial acetic acid 5 parts 


This solution keeps well. Use thin pieces of tissue 
not exceeding 10 mm thick. Fix for 1-12 h according 
to thickness and density of tissue. Wash in 50% 
alcohol (not water), then 70% until the picric acid 
is removed. 


Schaudinn’s fiuid 


Absolute ethyl alcohol 100 ml 
Saturated aqueous solution of 
mercuric chloride 200 ml 


This is an important fixative for protozoa. It may 
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be used cold or warmed to 60°C, when it is more 
quickly penetrating. It is also a suitable fixative for 
wet films. 


Flemming’s fluid 


Osmic acid O.l¢g 
Chromic acid -O.2¢ 
Glacial acetic acid 0.1 ml 
Water 100 ml) 


The osmic and chromic acids, when mixed, will 
keep for only 3-4 weeks. The acetic acid should be 
added immediately before use. 


Embedding and section cutting 


After fixation by any of the above-mentioned methods 
and transference to 50% ethyl alcohol, small pieces 
of tissue are treated as follows: 


1. Place in 90% alcohol for 2-5 h. 

2. ‘Transfer to absolute alcohol for 2 h. 

3. Complete the dehydration in fresh absolute 
alcohol for 2 h. 

4. Transfer to a mixture of absolute alcohol and 
chloroform (equal parts) till tissue sinks, or over- 
night. 

5. Place in pure chloroform for 6 h. 

6. Transfer the tissue for 1 h to a mixture of equal 
parts of chloroform and paraffin wax, which is kept 
melted in the paraffin oven. 

7. Place in pure melted paraffin in the oven at 
55°C for 2h, preferably in a vacuum embedding 
oven. 


The tissue is embedded in blocks of paraffin. 
These are cut out, trimmed with a knife, and sections 
5 tum thick are cut by means of a microtome. The 
sections are flattened on warm water, floated on to 
shdes and allowed to dry. Albuminized slides are 
useful where the staining process involves heating, 
and where animal tissue is used. The slides are 
coated with albumin either by means of a small piece 
of chamois leather or by the finger tip. The albumin 
solution is made by adding three parts of distilled 
water to one part of egg-white and shaking thoroughly. 
The mixture is filtered through muslin into a bottle, 
and a crystal of thymol is added as a preservative. It 
is usual to coat a number of slides and, after drying, 
these are stored until required. The albuminized side 
may be identified by breathing gently on the slide; 


It is not dimmed by the breath, whereas the plain 


side is. - . 
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INTRODUCTION 7 


Clinical microbiologists are concerned mainly with 
procedures for the sterilization of culture media, 
reagents and equipment before their use in the la- 
boratory, for the effective decontamination of spill- 
age, surfaces and equipment after use, and for the 
disinfection of contaminated materials before their 
safe disposal from the laboratory. 

This chapter will deal mainly with such procedures 
in the laboratory. It will describe the methods that 
are available and the theoretical considerations that 
limit the ways in which the procedures can be used. 
British and European standards and guidelines are 
cited here; workers in other countries must apply 
locally recognized equivalents. 

Practising clinical microbiologists may also, how- 
ever, have to advise on the adequacy of sterilization 
and disinfection procedures used elsewhere in surgi- 
cal and medical practice, and may be called upon to 
test the efficacy of these processes in the laboratory. 
To do this, they will need to understand the prin- 
ciples of operation of hospital sterilizing and disin- 
fecting equipment, if or when testing may be of 
value, and how to carry it out. 


Sterilization 
Sterilization is the freeing of an article from all 
living organisms including viable spores. It should 
be noted that sterility is a theoretical concept that 
can never be demonstrated with absolute certainty. 
There are many difficulties — cultural, technical and 
statistical (Kelsey 1972). There is, at present, a con- 
siderable international effort to achieve a uniformity 
of definitions in this field and the European C.E.N. 
standard will be published shortly (pr EN556). 

In practice however, a satisfactory sterilizing pro- 
cess may be regarded as one that achieves a high 
probability of sterility, i.e. a process that kills more 


than 10° organisms, including spores of a defined, 
exceptionally high degree of resistance. 


Disinfection 7 


Disinfection is the freeing of an article from harmful 
microorganisms. As bacterial endospores capable of 
causing disease in the intact subject, e.g. anthrax 
spores, are rarely encountered, satisfactory disinfec- 
tion can usually be achieved by the destruction of 
vegetative organisms. 


Methods of sterilization and disinfection 


The methods include heat, chemicals, filtration and 
radiation. Heat is the most generally applicable and 
reliable and should be used wherever possible. 

Dry heat is suitable for glassware, instruments 
and paper-wrapped articles not spoiled by very high 
temperatures, and for water-impermeable oils, waxes 
and powders. Dry heat cannot be used for water- 
containing culture media. 

Moist heat is effective at lower temperatures. A 
properly designed autoclave will effectively sterilize 
media and other water-containing materials in sealed 
or unsealed bottles, laboratory discards and porous 
packaged materials. 

Gaseous chemical sterilization may be required for 
heat-sensitive articles and filtration may be the only 
means of sterilizing heat-labile fluids. 

Radiation, though extensively used in the manu- 
facture of sterile packaged products, e.g. disposable 
plastic syringes, has few if any applications in the 
clinical microbiology laboratory. 

Chemical disinfection is the only convenient proce- 
dure for floors, bench tops, wash basins and other 
large surfaces in the laboratory. 


DRY HEAT 
Red heat has its main application in the sterilization 
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of inoculating wires and loops, which should be 
held almost vertically in a Bunsen flame until red hot 
along their whole length, almost up to the tip of their 
metal holder. The points of forceps and the surface 
of searing spatulae may also be heated until red. 


Hot air sterilizers 


Heating by exposure to hot air is an accepted method 
for sterilizing loads that cannot be reliably penetrated 
by steam and can tolerate the high temperatures 
required, e.g. 160-180°C. It is used for glassware 
such as tubes, flasks, measuring cylinders, all-glass 
syringes, and glass pipettes. Metal instruments may 
also be sterilized by hot air, particularly where corro- 
sion by moisture or inadequate steam penetration 
may be a problem. This process is longer and less 
convenient than steam autoclaving. 

Aluminium tubes, tins or foil, or wrappings of 
Kraft paper and stoppers of cotton-wool may be used 
to retain sterility after processing. It should be noted 
that some brands of cotton-wool can give off volatile 
antibacterial substances. 

Hot air is also used to sterilize non-aqueous 
materials and powders, oils and greases in sealed 
containers. 

Hot air steriizers should conform to British 
Standard (BS3421). They should be fitted with a 
fan to provide forced air circulation throughout 
the oven chamber, a temperature indicator, a control 
thermostat and timer, open mesh shelving and ade- 
quate wall insulation. There should also be a tem- 
perature chart recorder and a port for thermocouples. 
Safety features on new sterilizers should include an 
overheat cut-out operating at or above 200°C. Door 
interlocks should be fitted to ensure the heating 
cycle wil] not start until the door is shut and that 
the door will not open while the cycle is in progress. 
If the electricity supply is interrupted at any time 
before the cycle is complete, the process time should 
be reset to zero. The oven must be maintained 
according to the manufacturer’s instructions and all 
gauges and chart recorders calibrated (Department 
of Health and Social Security 1980a Health Technical 
Memorandum 10). 

For the operation and testing of a hot air sterilizer 
see Methods* below. 
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Microorganisms and their spores are killed at lower 





* Refer to Methods at the end of this chapter. 
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temperatures by moist heat than by dry heat. The 
method, however, is not applicable to waterproof 
materials such as oils and greases or to dry materials 
such as powders. Moist heat must be used for the 
sterilization of culture media and other liquids 
required to retain their content of water. 


Pasteurization 


Disinfection by moist heat at temperatures below 
100°C is termed pasteurization. Heat-labile fluids 
may be disinfected, though not sterilized, by heating 
for 1h at 56°C. Such treatment is sufficient to kill 
mesophilic vegetative bacteria but not spores, 

When pasteurization is used for serum or other 
body fluids containing proteins, care must be taken 
not to allow the temperature to rise above 59°C lest 
coagulation should occur. 

Human immunodeficiency virus (HIV) in serum 
may require 25 min at 56°C for inactivation. Thus, 
the 30-min hold time used in some laboratories is 
obviously inadequate for safety. In addition, there is 
a very marked difference in lethality between 56°C 


and 50°C, so it is important that water-baths are | 


maintained at the correct temperature. The disinfec- 
tion time should not commence until the fluid in the 
container reaches 56°C and this should be checked. 
Hepatitis B virus (HBV) may still be viable after 
10 min at 60°C (Shikata et al 1978). Staff working 
with human blood or serum should be immunized as 
a routine against hepatitis B. 


Washer disinfectors 


Washing machines using hot water, steam and a 
detergent may be employed to disinfect items of 
medical or anaesthetic equipment that would be 
damaged by autoclaving, and to render surgical 
instruments safe for handling. 

Linen and sanitary holloware are also disinfected 
by this method. All laboratory protective clothing 
required for work at Containment level 2 (Ch. 3) 
should be laundered at the temperatures given below. 

A purpose-built washer disinfector should have a 
thermostatically linked cycle and safety interlocks 
to prevent the door opening during the cycle. Failure 
in the water supply or electrical power should abort 
the cycle, indicate a fault and make it impossible to 
gain access to the load. A final cooling rinse must 
be fitted or condensers used to limit the emission of 
steam on opening the door and to provide a sensibly 
cooled load. A British Standard (BS2745) is under 
revision. 

The washer disinfector combines the washing 
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action with heat treatment. This must be adequate 


to kill vegetative organisms. Both parts of the process 
are important. The time for disinfection is 3 min 
at 71°C or 1 min at 80°C (Central Sterilising Club 
1986). 

These temperatures will not inactivate spores or 
heat-resistant viruses including, on present evidence, 
HBV (Krugman et al 1979). Washer disinfectors 
are recommended for the purpose of decontaminat- 
ing equipment contaminated with HBV and HIV 
(Microbiology Advisory Committee, Department of 
Health 1991). Accordingly, some washer disinfectors 
are set at 93°C for 10 min. 

The process is not suitable for porous items and 
hollow tubes that cannot be adequately penetrated 
by the hot water or for items that are too fragile to 
withstand the washing action. 

The reliability of the process cannot be assumed. 
The ability to clean and transfer heat to all surfaces 
depends on both the shape of the article and the 
design of the water jets. The performance of the 
machine may deteriorate dramatically, as for instance 
by the blocking of water jets, so that regular 
maintenance is mandatory. 

For the testing of washer disinfectors see Methods.* 


Boiling at 100°C 


Heating in boiling water at 100°C for 5 min is 
sufficient to kill all vegetative bacteria, HBV, and 
some, though not all, bacterial spores. 

Although boiling water in an open vessel is 
hazardous and ‘boiling water sterilizers’ have fre- 
quently been implicated in scalding accidents, the 
method may be used for the disinfection of surgical 
instruments prior to processing, and in emergency 
or under field conditions, for the disinfection of 
medical and surgical equipment when sterility is not 
essential. 

Heat-labile articles and hollow or porous items 
where the water will not penetrate the lumen cannot 
be disinfected in this way. The method depends 
entirely on the correct action by the staff and there 
is no way of checking efficacy or detecting a failed 
process. This procedure is therefore not to be used 
if better methods are available. 

For the operation of a boiling water-bath, see 
Methods.* 


Steaming at 100°C 


As glass containers are apt to crack if heated directly 
to boil their contents, it is safer to treat bottles, glass 
and tubes of heat-labile culrure media by exposure 
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to steam. Pure steam in equilibrium with boiling 
water at normal atmospheric pressure, i.e. ‘free steam’, 
has a temperature of 100°C. Exposure to this tem- 
perature for 5 min will kill most organisms except 
the transmissible agents of spongiform encephalopa- 
thies and the spores of the most resistant mesophilic 
and thermophilic bacteria. 


Free steaming 


This can be provided by the multipurpose autoclave 
or by the traditional Koch and Arnold steamers. 
These are upright metal tanks with a removable 
lid incorporating a chimney which allows the free 
escape of steam. Water in the bottom of the tank 
is heated by gas or electricity and the containers 
of media are laid on a perforated shelf just above 
the level of the water. Non-absorbent cotton-wool 
stoppers should be used on flasks and loose caps on 
bottles. Unlike the autoclave, the steamer is not a 
pressure vessel and there is no requirement for 
a safety interlock. For operation of a steamer see 
Methods.* 

Steaming so that the temperature does not 
exceed 100°C is used to disinfect selective heat-labile 
culture media in the laboratory, such as DCA, XLD, 
TCBS and selenite F. These media are unlikely 
to support the growth of any heat-resistant bacteria 
that may survive the process. 

Non-selective heat-labile nutrient media can also 
be prepared in the steamer by meltung small quanti- 
ties of pre-sterilized heat-resistant basic medium and 
adding the individual heat-sensitive components, 
such as sugars, as the medium cools and before it 
sets. The additives are cither purchased pre-sterilized 
in ampoules or prepared at the time, by filtration. 


Tyndallization 

When the sterility of heat-labile media is absolutely 
essential, it may be achieved by free steaming on 
each of 3 successive days (tyndallization), Spores that 
survive the initial heating may be expected to germi- 
nate in the medium (if it is suitable) while it is held 
at room temperature during the following day-and 
the resulting vegetative bacteria will be killed when 
the medium is reheated. 


RE erase oe eae, ae ba Ma DSR ata eel hae Pre Ge tt DY ke ke 
AUTOCLAVES 
Autoclaving provides moist heat at temperatures 


above 100°C by exposing the load to saturated steam 
at pressures greater than atmospheric. The load is 


815 


SSS — 
ee 
ee eS 
= - a EE ee Fa 


AG 


PRACTICAL MEDICAL MICROBIOLOGY 





exposed to steam under increased pressure. As the 
steam-condenses on the cooler load, it releases both 
thermal energy and moisture, which together dena- 
ture all microbial proteins.-Autoclaving at the correct 
temperature is lethal to all bacteria, viruses, fungi 
and protozoa. Some transmissible agents — Creutzfeldt 
Jacob and variant, Gerstmann-Straussler—Scheinker 
(GSS) syndrome — may, however, survive greatly 
extended autoclave times. | 

Autoclaving is a reliable method of sterilizing cul- 
ture media and other laboratory supplies. It should 
be used for all materials that are water-containing, 
permeable or wettable and not liable to be damaged 
by the process. 


Laboratory requirements 


All infected materials, including glassware and re- 
usable equipment arising from laboratory work, 
must be made safe to handle by autoclaving. All 
waste materials must be autoclaved, or where this 
is not reasonably practical, incinerated (Health 
Services Advisory Committee 1991). 

Autoclaves must be provided for Containment 
level 2 work within the laboratory suite. For work 
with hazard group 3 pathogens, autoclaves must also 
be provided within the suite, or within the labora- 
tory and for Containment level 4 work, a double- 
ended autoclave must be sited within the laboratory 
(Advisory Committee on Dangerous Pathogens 1990). 

Bench-top autoclaves are required for the thermal 
disinfection of post-mortem instruments in mor- 
tuary suites. Media preparators or fluid cycle steam 
sterilizers are required in microbiology jaboratories. 


Hospital requirements 


Porous load autoclaves must be provided in Central 
Sterilization Departments and in Theatre Sterile 
Service Units. Bench-top autoclaves are required 
in dental and chiropody services where there 1s a 
rapid turnover of a small number of instruments. 
Fluid cycle sterilizers are required for pharmaceutical 
manufacturing. 


Standards and specification 


All autoclaves are pressure vessels. They must con- 
form with the relevant regulations and are therefore 
subject to regular inspection for safety and insurance 
purposes (Statutory Instrument 2169, 1989). They 
should conform to the relevant British Standard for 
Laboratory Autoclaves (British Standards Institution 
1988), for porous loads (British Standards Insttu- 


816 


ee eB 


tion 1990) and for bottled fluids (British Standards 
Institution 1988). 


Testing of autoclaves 


All autoclaves must be regularly tested and records 
must be kept in accordance with Health Technical 
Memorandum No. 10 (Department of Health and 
Social Security 1980a). Table 46.1 summarizes the 
testing requirements for hospital autoclaves. For 
further details of methods of testing, reading pres- 
sure gauges, and equivalences of pressure units, see 
Methods.* 


Temperature and pressure 


The temperature of the steam is determined by the 
pressure in the closed vessel. When water boils and 
is converted into steam at the same temperature, the 
vapour pressure of the steam equals the pressure of 


- the surrounding atmosphere. 


When water is boiled in a closed vessel, the en- 
closed space becomes saturated with water vapour. 
More energy is then required to convert water into 
vapour and this increases the pressure within the 
vessel. The temperature required to make the water 
boil and that of the steam it forms, steadily rises 
above 100°C. The more energy that is put into 
the system, the ‘greater the pressure and the higher 
the temperature. The energy is stored in the system 
in two forms: latent heat, which is given up on 
condensation; and sensible heat which is given up 
on cooling. 

Table 46.2 shows some of the commonly used 
pressures, temperatures and holding times for 
sterilization with pure, dry, saturated steam. 


Time 


Sterilization hold time. ‘This is the time for which 
the entire load requires to be exposed to pure, 
dry, saturated steam at the effective temperature in 
order to ensure sterilization. It is derived from the 
thermal death time of Bacillus stearothermophilus, 
whose thermal resistance exceeds that of the patho- 
genic clostridia (Medical Research Council 1959). 

Heat penetration time. Before the sterilization 
hold time can start, the load needs to be brought up 
to temperature. This is the heat penetration time. It 
varies with the different type of load and must be 
measured with multi-point thermocouple recorders 
situated in the least accessible parts of the load in 
the worst loading pattern. In the modern autoclave, 
the penetration time may be relatively short and 


—————— ee 


oT 


Se ey 


wy 


et er 


i ir a a 






Type. of 


Sterilization temperature Tests by user 


STERILIZATION AND DISINFECTION 4G 





i ala a ; i rs an ", ees FY 
Fa i ch “tar + 
S 1 haya. Po eee fey 
ee hia, 2 heat Bie a hae idice ty se rn tt ea =D ult Te st ae a ati 3 aie Aid . 


prs 





Test by maintenance engineer 
Sterilizer and hold time 
Porous — Wrapped 134-13B°C, 3 min Daily Bowie—Dick Weekly gauge check; Quarterly thermocouple 
load articles, linen, - es — (in TSSU) air leak test; validation 
instruments OMS na? et 7 Bowie-Dick (in TSSU) ! 
Discard Autoclave . 134-138°C, 3 min Compare each load Weekly gauge check; | Monthly thermocouple 
‘load — tins : with MTR - | door seals and. . validation — 
. interlocks 
- Fluid ‘Fluids'in sealed = 121-—124°C,15 min Compare each load Weekly gauge check; Quarterly thermocouple 
cycle -. containers with MTR | door seals and validation 
in Pe a < ; interlocks 
Bench top Unwrapped 134=138°C, 3 min Daily visual gauge § Weekly gauge check Quarterly thermocouple 
instruments ! check; log a validation © 
and utensils : 
Hot air Oils 160°C, 120 min .. Compare each load Weekly gauge check ~ Quarterly thermocouple 
powders 180°C, 30 min with MTR validation 


ay glassware 


om, 


All pressure vessels require an insurance inspection " a eunputerd engineer at not more than 14-month intervals. For further 


details see Methods." 


$ “Table 46.2 Time and temperature require dior” sats 
lie aint lization ‘by § Pecks et pressure: in: the ‘autoclave. a 





riraiaauies above 


Sterilizing Sterilization 
lemperature® atmospheric? hold time*® 
(°C) (bar) ) (min) 
121-124 1.1 15 


134-138 2.2 3 





* Temperature shown by a thermocouple in the least 
accessible part of the load. Must be held for the duration 
of the sterilization hold time. 

” Gauge pressure of pure dry saturated steam required to 
produced the sterilizing temperature. 

© Time for which sterilizing temperature must be held. This 
does not include the time taken to penetrate and heat up 
the load to the sterilizing temperature. 





accurate as it is measured from the time that a ther- 
mocouple present in the load reaches the sterilizing 
temperature. In less sophisticated autoclaves, how- 
ever, heat penetration time may be longer and less 
accurate as it is measured from the time the chamber 
temperature reaches the sterilizing temperature from 
sensors in a load simulator, or even worse, in the 
chamber exhaust line. 


Condensation of steam 


When the steam makes contact with the cooler 


ee  ——— 


articles in the autoclave, it condenses into water. 
Condensation has three effects: it wets the micro- 
organisms and so provides the essential conditions 
for killing; it liberates the latent heat of steam and so 
rapidly heats up the items in the load; and it causes 
a significant contraction of steam, drawing more to 
the site. 

Considerable energy is given up by the steam as 
it condenses. The amount of latent heat liberated in 
dry, saturated steam condensing in a closed vessel 
at 136°C is four times greater than the amount of 
sensible heat available in the same mass of boiling 
water at the same temperature and pressure. 

As the steam condenses into water, the contraction 
in volume is dramatic: 1670 volumes of steam at ] 
bar pressure will contract to form only 1 volume of 
condensate. The negative pressure created by the 
contraction draws fresh steam on to the surface 
and into the interstices of the article. The cycle of 
condensation, liberation of latent heat and drawing 
of fresh steam is repeated until the article is heated 
up to the sterilizing temperature. 

Efficient condensation takes place only if the 
steam is on the boundary between the vapour and 
liquid phases. The steam must be saturated, i.e. in 
free molecular balance with the water from which 
it is formed, dry, i.e. free from suspended droplets of 
condensed water, and pure, i.e. free from admixture 
with air or other non-condensable gases. 
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Steam supply 


In the simple pressure-cooker type of autoclave, 
the steam is produced within the chamber. In larger 
gutoclaves, the steam is supplied either from an ex- 
ternal boiler attached to the machine or from the 
main steam supply of the building. Care must be 
taken to prevent the steam becoming unsaturated due 
to superheating or wet due to condensation. Mains 
steam should be supplied to the autoclave at 4 bar 


pressure with a dryness fraction of 0.9 (see below). 


Superheated steam 


Steam above the phase boundary, 1.e. at a tempera- 
ture too high for its pressure, behaves as a dry gas. 
Being unsaturated it fails to condense as it cools 
on the articles of the load, so that moisturizing 
and latent heat effects are lost. In addition, as the 
temperature and pressure are no longer related, 
the temperature ‘cannot be controlled by regulating 
the pressure. Superheating may be caused by over- 
heating of the jacket or by too great a reduction of 
pressure as the steam enters the autoclave or by the 
processing of too dry a load of textiles. 


Wet steam 


As latent heat is lost before sensible heat, steam is 
liable to become wet due to condensation if it is fed 
to the autoclave through a long, poorly insulated, 
poorly drained or low velocity supply line. Wet steam 
delays the removal of air from the autoclave chamber; 
it may produce wet loads and it provides less latent 
heat than dry steam. The moisture content of the 
steam is expressed inversely as its dryness fraction, 
which in effect measures the proportion of latent 
heat still available in it. Steam with a high dryness 
fraction, over 0.95, may be provided by the use 
of steam separators or steam traps, or by effecting 
a large single-step reduction of pressure when the 
mains steam, at a pressure of 4 bar, passes through 
the final reducing valve before entering the autoclave 
chamber at the working pressure of 2.2 bar. 


Removal of air 


Throughout the holding period of sterilization, the 
autoclave must contain only pure steam free from 
admixture with residual air. Before the sterilizing 
period starts, therefore, all air must be removed from 
the chamber and the load. If an air—steam mixture 
is left, by Dalton’s Jaw, the total pressure in the 
chamber, as shown on the pressure gauge, will consist 
of the sum of the pressure of the air and the pressure 


3138 


of the steam. The pressure of the steam is therefore 
less than gauge pressure and the temperature will 
also be less than expected. Moreover, bubbles of 
air trapped in the load will form an insulating layer 
over solid surfaces, inhibiting condensation and the 
transfer of heat. 

Simple transportable (pressure-cooker) autoclaves. 
The air is removed by turbulent displacement. The 
ftee escape of steam with entrained air 1s allowed 


_ for a ome before sealing the chamber to obtain 


increased pressure. 

Downward displacement autoclaves. The steam is 
introduced at the top of the chamber through 
baffle plates designed to scavenge pockets of air in 
the load. The cooler and denser air—steam mixture 
and any condensate are discharged by gravity from 
the foot of the chamber through a steam trap. The 
steam trap opens to let cool condensate escape but 
closes to retain hot, pure steam. 

Porous load autoclaves. The air may be extracted 
by an oil-seal high vacuum pump Or be diluted out 
by a succession of steam pulses alternating with the 
drawing of a partial vacuum. This can be done only 
with a water-seal pump capable of handling both 
the stearm and the condensate. 

Air detection devices may be fitted to cancel any 
operation when air is present in sufficient quantities 
to impair sterilization. Reasons for the presence of 
air in the chamber. include an inadequate steam 
penetration time, the occurrence of a leak in the 
chamber, and the contamination of the steam supply 
with air or other non-condensable gases. 


Unwrapped non-porous items 


Metal cages, instruments and bowls that require 
heat disinfection and do not need to be packaged to 
retain sterility after the process, can be processed in 
any of the autoclave types described in the previous 
section. Space should be left between articles to 
allow the free circulation of steam. In downward 
displacement autoclaves, there should be no barner 
to the downward flow of cooler condensed steam. 


Porous loads 


Packaged and wrapped goods, linen and instruments 
with lumens where there may be difficulty in re- 
moving the air or allowing sufficient steam penetra- 
tion, can be effectively processed only in a porous 
load or multipurpose autoclave. ‘These machines 
are fitted with a vacuum-assisted air removal stage 
prior to steam sterilization. In addition, porous 
goods, especially linen, require adequate drying. All 
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wrapped instruments must be thoroughly dry before 
removal as bacteria can easily pass through moist 
cloth or paper. 

Simple autoclaves do not dry, and the Venturi 
system fitted to downward air displacement auto- 
claves is not sufficiently powerful to dry effectively. 
Porous load and multipurpose autoclaves on the 
other hand are capable of producing a high vacuum 
to dry the load. Simple transportable air displace- 
ment (bench top) and downward displacement auto- 
claves must not be used for packaged or porous 
goods. 


Discard loads 


This is a particularly difficult type of porous load. 
Air must be removed from culture plates, bottles 
and tubes, heat-deformable plastics and from the 
bottom of the discard tin or the bag in which the 
load has been collected. This necessitates even more 
effective methods ~—of~-air displacement, such as 
vacuum pulsing and steam injection. These tech- 
niques are often used in conjunction with specially 
designed discard tins to facilitate the steam penetra- 
tion of the load. An alternative method is direct air 
displacement, utilizing a steam lance at the bottom 
of the discard container. These features will be 
found only in the multipurpose laboratory autoclave 
designed for the sterilization of discard loads. Table 
46.3 summarizes the devices found in laboratory 
autoclaves. 

Simple transportable turbulent air-displacement 
and downward-displacement autoclaves must not 
be used for discard loads, 


Fluids in sealed containers 


Fluids in hermetically sealed bottles and ampoules 
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Type of autoclave 
..Purpose.of device 





Air removal from chamber 


Turbulence 
~ Air removal from porous load “None 
Air removal from discard containers None 

Drying of porous toads None 
Rapid cooling to preserve media None 


‘Safety thermal door interlock 
Accurate heat penetration and 
liquid cooling time 


None 
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_ Simple and bench top 


St 


None (present in bench top) 


of aqueous solutions can be satisfactorily sterilized 
without removal of the supernatant air. The con- 
tained water provides the conditions for moist heat 
sterilization and the contents are eventually heated 
to the temperature of the chamber steam by con- 
densation on the walls of the vessels and rapid con- 
duction throughout the liquid. However, liquids that 
coagulate will not convect and cannot be sterilized 
in this way. | 

Extremely high pressures, well above the chamber 
pressure, are found within sealed bottles. This is 
made worse by overfilling. DIN standard bottles 
must be used and must not be overfilled. Moreover, 
as the chamber cools, fluids within their containers 
retain heat and the pressure differential rises. An 
explosion risk is therefore created if the bottles are 
thermally shocked by contact with cold air or physi- 
cally shocked by careless handling. Heat can be lost 
only by the slow process of radiation from the surface 
of the bottle. The greater the volume, the less the 
relative surface area and the worse the problem 
becomes. Large-volume bottles should not be used. 

To protect the operator, a door interlock should. 
be fitted barring access to the load until the tempera- 
ture in the bottle has fallen below 80°C. The simple 
autoclave does not have such a device and must 
not be used for the sterilization of bottled fluids. 
Downward displacement autoclaves may be fitted 
with an interlock, but it may take hours before the 
load cools to a safe level. 


Nutrient media 


Nutrient media in sealed containers require rapid 
cooling to preserve their nutrient qualities. The 
simple autoclave does not cool and the cooling of 
downward displacement autoclaves is impeded by 
the insulating jacket. The multipurpose laboratory 











Downward displacement Multipurpose 
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Balanced pressure High vacuum 


steam trap __ 25 
None Vacuum pulsing 
None ~-Vacuunr pulsing steam injection 


High vacuum 

Condensate spray: water- . 
cooled jacket; air cooling. 

Always present 

Thermocouple in load 


Venturi condenser 
- Impeded by jacket 


Occasional 
Thermocouple in chamber 
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autoclave on the other hand is always fitted with a 
device such as condensate, air or jacket cooling to 
expedite the removal of the media. i 

Bulk laboratory. media..are most- conveniently 
processed in a thermostatically controlled media 
preparator. The time and temperature of the fluids 
can be monitored and, on cooling, the contents are 
directly piped away for plate pouring and stacking. 


Simple laboratory autoclave 


A small transportable autoclave operating like a 
domestic pressure cooker is no longer considered 
satisfactory for the sterilization of bottled media in 
the laboratory. It does not monitor the temperature 
of the fluid load and therefore cannot prevent spoil- 
ing the nutritive value of the medium. In addition, 
thére is no safety interlock independent of the 
temperature gauge to prevent the door mechanism 
being released when the temperature in the liquid 
containers is above 80°C (Health Services Advisory 
Committee 1991). 


Transportable bench-top autoclaves 


Somewhat more sophisticated versions of the turbul- 
ent air displacement autoclave incorporating auto- 
matic process controls, and known as transportable 
steam sterilizers or bench-top autoclaves, are in 
use in mortuaries and post-mortem rooms, in animal 
houses, and in clinica! practice in dentistry and chi- 
ropody for the thermal disinfection of non-invasive 
instruments. These autoclaves must conform to BS 
3970 part 4. They may possess automatic cycle 
control, with indicators of cycle failure and thermal 
safety door interlocks operating independently of the 
temperature gauge. They are not, however, fitted 
with vacuum-assisted air removal, or assisted drying, 
and cannot be used for porous loads, packaged items 
or discard loads. Furthermore, they are not set up to 
handle liquid loads, being without assisted cooling 
or a means of measuring the temperature in the 
fluid. Transportable steam sterilizers should there- 
fore be used only for unpackaged and unwrapped 
non-porous items (Department of Health 1989 and 
1990a). For testing, see Methods.* 


Large simple autoclaves 


Larger versions of these simple pressure-cooker type 
autoclaves can still be found in some laboratories. 
They are often horizontal and have a door at one 
end. The size of the chamber is too large to permit 
the removal of air, so that working temperatures are 
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not reached at the bottom of the chamber where 
the cooler air is layered. This failure goes undetected 


because the machines are not fitted with a thermo- 


meter in the gravity discharge drain. In addition, as 
there is no means of assisted air removal from discard 
bins or the load itself, they must not be used for 
make-safe loads that must be sterile before disposal. 
They are also unsuitable for wrapped articles, as the 
air cannot be extracted from porous loads and there 
is no means of drying the load and its wrappings. 
There is no means of assisted cooling or door inter- 
locks to prevent the door from being opened before 
the liquids have cooled to the safe temperature of 
80°C and they are not safe to use for fluids in sealed 


containers. While they may still be of some use for 


the heat disinfection of articles such as animal-house 


cages, they cannot be used as sterilizers. 


Downward displacement laboratory 
autoclaves 


This more-sophisticated type of laboratory autoclave 
has a more effective provision for the removal of air 
from the chamber (a balanced pressure steam trap). 
It may also have other devices to assist the drying of 
the load (Venturi pump or condenser), to prevent 
the door being opened while the chamber is under 
pressure, and for the automatic control of the process. 

There is however, no vacuum assistance for air 
removal. A survey made by the Public Health La- 
boratory Service (1978), showed that air removal was 
inadequate in 22 out of the 62 autoclave cycles 


tested. Even in downward displacement autoclaves | 


designed as recently as 1980, the mean load lag 
time, when operating by downward displacement, 
was 42 min (Public Health Laboratory Service 1981). 
These machines are therefore not competent to 
process porous, linen, packaged or discard loads 
(Medical Devices Directorate 1992). In addition, 
the vacuum drawn by the Venturi steam injector is 
too low to guarantee the rapid production of dry 
packs and linen goods. As there is no assisted cooling 
it may take many hours until liquids have cooled 
to below 80°C. This problem is made worse by the 
heated water jacket required to prevent excessive 
condensation within the chamber. 

Even when these machines are fitted with door 
interlocks, they cannot be recommended for the 
efficient sterilization of fluid loads. Their only value 
would appear to be for the sterilization of unwrapped 
non-porous metallic items. 


Media preparators 


Media preparators in which the fluids are heated 
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directly within the pressure vessel completely re- 
move the explosion hazards associated with glass 
containers, In addition, temperatures and pressures 
within the vessel can be controlled to avoid over- 
heating media. This method is, therefore, ideal for 
the preparation of all types of laboratory media, 
including those requiring a lower time/temperature 
relationship as specified by the media manufacturer. 

Media can be prepared in bulk and dispensed 
either directly into plates or, when small volumes are 
needed, into bottles. The media can then be melted 
later, by steaming, as required. 


Multipurpose laboratory autoclaves 


Widely different types of load require to be sterilized 
in the laboratory, e.g. large volumes of aqueous media 
in hermetically sealed glass containers, heat-labile 
media that will only tolerate free steaming, clean 


- glassware and other equipment for sterilizing before 


use, mixed loads of contaminated discard material, 
and fabrics such as laboratory coats. Different cycles 
of air removal, holding, cooling and drying are required 
for these different loads, and autoclaves are now de- 
signed to allow the selection of any one of a number 
of such cycles, which are controlled automatically, 


Special features 


The special features of these autoclaves are the 
presence of efficient means of assisted air removal 
and drying, assisted cooling and a temperature- 
sensitive probe reading directly from the load (Table 
46.3). The chamber exhaust line, the vacuum pump 
discharge line and the water from the chamber 
cooling system (if fitted), must lead to a cooling/ 
dilution tank connected directly to the main building 
drain and vented to a high level pipe. The absolute 
containment of effluent and the heat treatment of 
the discharge is unnecessary unless the laboratory 
is undertaking work with great concentrations of 
Hazard Group 3 pathogens, or is processing materi- 
als infected with Hazard Group 4 organisms (Health 
Services Advisory Committee 1991). 

These machines must be operated according to 
the manufacturer’s instructions, 

For testing multipurpose laboratory autoclaves see 
Table 46.1 and Methods.* 


Aqueous media 


Accelerated cooling is required to avoid damage to 
the nutrient properties of the culture medium; 
sugars decompose to acids, peptones may be broken 
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down and agar may lose its ability to form a firm 
gel. 

Cooling to below 80°C before the autoclave 
is opened is also required to minimize the risk of 
breakages and explosions. DIN standard bottles 
should be used. The volumes of the contents should 
be kept as small as possible. Bottles must not be 
overfilled, i.e. not to over 80% of their capacity. The 
pressure inside a hermetically sealed bottle in the 
autoclave is the sum of the increased pressure of 
the heated air in the diminished volume above the 
liquid, and the saturated vapour pressure of the 
heated water. At 121°C the air plus vapour pres- 
sure inside a bottle filled to 83% capacity is 4 bar 
absolute, i.e. about 2 bar above the steam pressure 
in the chamber. If the bottle is filled to 90% capacity, 
the excess pressure will be greater than 11 bar. 
Serious overfilling will result in an explosion. 

Before loading into the autoclave, bottles should 
be examined and defective ones rejected. The bottles 
should be placed in the autoclave in a regular and 
uncrowded pattern, with spaces between them, in 
conformity with the conditions determined during 
trials at the commissioning of the autoclave. 

Air evacuation and pulsing are not required and the 
cycle commences with free steaming and downward 
displacement of air. The duration of the heating-up 
period should be controlled automatically with a 
thermocouple placed in one of the largest bottles 
in the load or a simulator which reproduces the 
thermal characteristics of the bottle. An additional 


_ heat penetration time, determined by multi-point 


thermocouple tests, and representing the lag between 
the contro] probe and the worst possible conditions 
of loading, should commence when the control 
thermocouple in the load or simulator reaches the 
sterilizing temperature. 

The sterilization hold time is 15 min at a tem- 
perature of 121-124°C . 

The cooling of the load should be assisted so that 
media are cooled to under 80°C within 30 min. The 
method used may be a spray of condensate continu- 
ously passed through a heat exchanger, water cooling 
in the jacket of the autoclave, water-cooling coils in 
the chamber or the pumping of filtered air through 
the chamber. The duration of the cooling period 
should be controlled with a thermocouple placed in 
a simulator or a bottle in the slowest part of the load. 
to cool. An additional cooling time, determined by 
multi-point thermocouple tests and representing the 
lag between the contro! probe and the worst possible 
conditions of cooling, should be added to commence 
when the contro] thermocouple in the simulator or 
load reaches 80°C. 
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If the thermocouple is placed within the bottle, 
this may break. The thermocouple will then measure 
the chamber temperature rather than that of the 
load: Under these circumstances a cooling timer; set 
from the time cooling commences, may be used as 
an additional safeguard. - 

If large sealed bottles of media or fluid in plastic 
bags are being processed, air ballasting with com- 
pressed air is recommended. Air is introduced into 
the chamber to increase the chamber pressure during 
the cooling period, thereby reducing the pressure 
differential between the bottles and the chamber. 

However the cooling is managed, the still-warm 
bottles should be handled with care. Gauntlet gloves, 
visor and heavy duty apron should be worn and 
mechanical or thermal shock avoided. 


Free steaming 


The multipurpose autoclave should be capable of 
giving a free steaming cycle. A large drain may have 
to be fitted so that constriction of the profuse flow of 
steam does not unduly raise the pressure, and hence 
the temperature, in the chamber. As the pressure 
is still likely to be a little above atmospheric, the 
temperature may be 101—102°C. 


Glassware 


Some manufacturers produce a special short cycle 
for the sterilization of clean dry glassware. In prac- 
tice, clean bottles, lightly capped, can be processed 
satisfactorily as part of a fluid cycle. 


Discard loads 


The principal difficulty to be overcome is that of 
removing air from the loosely packed culture plates, 
bottles and tubes, and from the discard tin or bag 
in which they have been collected. The air may 
be removed by steam pulsing, alternating with the 
drawing of a partial vacuum by a pump capable of 
handling both steam and condensate. A small pre- 
vacuum may overcome the problem of air entrap- 
ment in polystyrene Petri dishes which melt at 60°C 
(Oates et al 1983). 

Discard loads must not be packed in sealed 1m- 
pervious ‘autoclave’ plastic bags. Bags must be of 
pervious nylon or must be opened and folded well 


down to create a tray no deeper than a few inches. . 


This may be necessary to contain small amounts of 
fluid, or meltable plastics that would otherwise adhere 
to the base of the autoclave bin. Teflon-coated bins 
may obviate the need for plastic-bags altogether. 
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Simple high-sided solid-walled containers must 
be avoided as they tend to retain air at the bottom. 
Perforated or mesh baskets must not be used as 


they allow melted-agar to escape into the discharge 


line where it may solidify. 

Specially designed discard tins, with solid sides 
and base, but provided with channels in each corner 
to allow steam penetration and a raised perforated 
floor to minimize the effect of any retained air, are 
strongly recommended. os 

The time taken for the penetration of the load can 
be considerably prolonged, depending on the nature 
of the materials and the volume of the discard load. 
The additional heat penetration time is set to com- 
mence automatically when the controlling thermo- 
couple placed in the coolest part of the load reaches 
the sterilizing temperature. 

A sterilization hold time of 3.5 min at 134—138°C 
is normally employed. At the completion of the 
sterilizing period, partial drying is achieved by evacu- 
ating the chamber and then admitting air through 
a filter. 

After the load temperature has fallen to 80°C, as 
determined by the controlling thermocouple, a short 
additional cooling period may be required. This is 
dependent on the size of the largest liquid containers 
that might be found in the discard load (Health 
Services Advisory Committee 1991), and can be 
minimized as bijou and universal bottles do not 
produce a significant thermal lag and larger bottles 
should either be drained into disinfectant or processed 
in a fluids cycle. 


Porous loads 


The increased availability of disposable labora- 
tory gowns which can be incinerated after use has 
diminished the need for a sterilizing cycle for linen. 
When reinforced disposable gowns are not used, 
all clothing worn for Containment level 3 work must 
be discarded when soiled or at the end of each 
day, and must be autoclaved before being sent for 
laundering. 

Packs of instruments, filter funnels, pipette tips 
and other sundries, bagged to preserve sterility after 
removal are also processed in this way. The auto- 


clave chamber should not be packed too tightly nor: 


should single packs be processed. The porous load 
should occupy more than 10% of the total available 
space to avoid the possibility that all the residual 
air will be drawn into the centre of a single pack. 
The sterilizing temperature for a porous load cycle 
is 134-138°C with a hold time of 3.5 min. This 
cycle is essentially the same as that used for discard 
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loads except that the time taken for air removal and 
penetration of the load is not as long. Effective drying 
in about 5 min ts achieved by holding the load at 
a high absolute vacuum. 


Other autoclaves 


High-security autoclave. Pathogenic microbes in 
high-risk categories 3 and 4 are not particularly re- 
sistant to moist heat. The autoclaving cycles are 
the same as for other laboratory autoclaves. High-risk 
organisms, however, may be infective by the airborne 
route and the autoclaves used for the sterilization 
of this material are modified to contain and sterilize 
the effluent, condensate and exhaust air. 

Discards are placed in Portex nylon bags which, 
unlike the usual autoclave bag, allow free penetration 
of steam and egress of air. The air discharge line 
leaves the chamber at a sufficiently high level to 


ensure its freedom from condensate and is fitted with | 


a steam-sterilizable filter. ‘The effluent contamination 
is kept to a minimum by ensuring that the chamber is 
warm before the cycle is begun, and that the infected 
material 1s contained 1n solid vessels. ‘The condensate 
is retained and sterilized within the chamber 
(Scruton 1983), 

Porous load sterilizer. ‘These autoclaves are com- 
mon in the hospital service, in surgical theatre 
sterile supply units and central sterile supply depart- 
ments. They are of two main types. The earlier 
machines have a high pre-vacuum cycle, while the 
later ones are multi-pulsing. Microbiology laborat- 
ories are unlikely to be concerned with their 
routine testing. The test criteria are purely physical. 
‘They operate at 134—138°C and conform to BS3970 
Part 1. They are tested as described in the Depart- 
ment of Health and Social Security Health Technical 
Memorandum No. 10 (1980a), 

Low-temperature steam. Exposure to steam at a 
sub-atmospheric pressure giving a temperature of 
73°C for a period of 10-20 min is a reliable and effi- 
cient means of disinfection, although not steriliza- 
tion. The cycle consists of forced air removal by 
steam and vacuum pulsing followed by the admission 


of dry saturated steam at an absolute pressure of 


263 mmHg (35.06 kPa). The holding time is 10 min. 
The load is dried by reducing the chamber pres- 
sure to vaporize the residual moisture and then 
admitting air through a bacterial filter. ‘Tests must be 
carried out as described in the Department of Health 
and Social Security Health Technical Memorandum 


.No. 10 (1980a). Particular attention should be paid 
‘to the atr-tightness of the chamber and the steam 


penetration test. 
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GAS ‘STERILIZATION 


A number of processes are used for the sterilization 
of delicate, heat-labile equipment. These are (a) ex- 
posure to low-temperature steam and formaldehyde 
(LTSF), (b) exposure to ethylene oxide, and (c) ex- 
posure to gas plasma (H,O,). Microbiology labora- 
tories are not likely to be responsible for the operation 
of these machines but will be involved in monitoring 
their efficacy by biological tests. Enete are no satis- 
factory physical tests. 


Low-temperature steam formaldehyde 
(LTSF) 


Steam at sub-atmospheric pressures (and therefore 
at temperatures below 100°C) kills the spores of 
thermophilic bacteria very slowly. Formaldehyde by 
itself is sporicidal, but only at high concentrations 
in the presence of moisture. Together, formaldehyde 
and steam appear to be synergistic. Very low con- 
centrations of formaldehyde gas in the presence of 
sub-atmospheric steam will kill spores. ‘The problem 
lies in bringing the two agents together under optimal 
conditions. 

Saturated steam at an absolute pressure of 
263 mmHg (35.06 kPa) has-a temperature of 73°C. 
The sensible heat of such steam is too low to provide 
much thermal energy and it is important that the 
steam is at phase boundary conditions to ensure 
the liberation of latent heat. , 

‘The introduction of large volumes of formaldehyde 
gas wets the steam and causes loss of latent heat 
(Weymes 1982). Any lowering of the chamber 
temperature or condensation on cold spots reduces 
the concentration of the monomeric formaldehyde, 
firstly by conversion to the inactive polymer and 
then by the formation of dissolved hydrate. Para- 
formaldehyde is also formed when the concentration 
of monomer is too high. For the operation and testing 
of LTSF machines, see Methods.* 

Formaldehyde is toxic and irritates the eyes and 
respiratory tract at concentrations above 2 parts per 
million, and at even lower concentrations in sensitive 
individuals, It can also cause allergic dermatitis in 
man and is carcinogenic in rodents. The permitted 
peak level of formaldehyde in the environment is 
given in Guidance Note E.H. 40 (Health and Safety 
Executive 1991). These levels are revised annually. 


Ethylene oxide sterilizer 


Although these machines have no place in the 
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diagnostic laboratory, they are used in the hospital 
service and microbiology staff take part in monitoring 
the efficacy of the process. Ethylene oxide is used 
to treat the very small proportion of medical and 
surgical articles that need to be sterile but cannot 
withstand autoclaving. The gas is a highly lethal 
alkylating agent and kills all microorganisms includ- 
ing viruses. Sensitivity to ethylene oxide does not 
correlate with that to heat, irradiation or other chemi- 
cal disinfectants (Dadd & Daley 1980). Microbes 
are readily protected by dry proteinaceous material, 
and vegetative bacteria dried in organic material may 
be more resistant than the standard test spores. 

Potential problems with ethylene oxide residues 
means that the load must be aerated for long periods 
after processing. The use of biological indicators 
calls for considerable microbiological work to moni- 
tor the efficacy of the process on a daily basis. For 
testing ethylene oxide sterilizers, see Methods.* 

Ethylene oxide is both toxic to man and highly 
explosive. Every area where an operator may be at 
risk should be monitored by a gas-leak alarm. The 
gas should be used only in purpose-designed pres- 
sure vessels capable of withstanding an explosion. 
These are fitted with automatic controls and are 
filled with 12% ethylene oxide in an inert carrier 
gas or with pure ethylene oxide supplied from single- 
use cartridges. They operate at sub-atrnospheric 
pressure in a spark-free environment (Babb et al 
1982). Guidance regarding the installation, com- 
missioning and operation of ethylene oxide sterilizers 
is given in Department of Health publications 
(1990a,b). 

Ethylene oxide gas is mutagenic in a variety of 
animals. Its concentration in the environmental air 
must not exceed the. Occupational Exposure limit 
given in Guidance Note E.H. 40 (Health and Safety 
Executive 1991). These levels are revised annually. 
A COSHH assessment is required (Health and 
Safety Executive 1990). 


Gas plasma 


A very smal! quantity of hydrogen peroxide in various 


phases, including a low-temperature gas plasma. 


excited by radio waves, is lethal to organisms on the 
surface of medical devices. The sterility assurance 
level of the process is at Jeast 10°. 

Hydrogen peroxide is injected into the chamber 
under reduced pressure in a dry atmosphere. Vapour 
diffusion occurs throughout the contents and radio 
frequency energy excites the H,O, into active radic- 
als and reactive chemical species. On removing the 
energy source, the plasma reverts to water and CQ). 
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The chamber is then rapidly evacuated and vented 
to atmosphere to dry the load. 

The process is sporicidal, bactericidal, virucidal, 
fungicidal and mycobactericidal. It is however also 
easily defaulted in the presence of cellulose so that 
care with packaging material is essential. Additional 
precautions utilizing special adaptors must be taken 
to ensure the penetration of long and narrow tubes. 
A high vacuum must be maintained, and a low 
leak-back rate is essential. The process is not effective 
below 42°C or in the presence of lipid contamination. 
The commonest cause of cycle failure 1s operator 
error due to the introduction of damp loads that 
reduce the concentration of available peroxide vapour. 

It is mot clear at present whether the process 
will replace ethylene oxide but it has a considerable 
advantage in that the residues are non-toxic and do 
not require a lengthy quarantine period before the 
articles can be released. This may make it attractive 
for the sterilization of invasive surgical endoscopes 
at the point of use. - 

Test methods are not yet agreed but it would 
appear that a challenge with at least 10° B. 
stearothermophilus or B. subtilis subsp miger spores 
on paper or in tubular assemblies will be required. 
Careful monitoring of the chamber pressure will 
ensure the dryness of the load and the correct con- 
centration of hydrogen peroxide. Chemical indi- 
cators can be used to give an assurance that the 
hydrogen peroxide has been activated. 


aut f Scie + on yi ot 2 oan ey 


STERILIZING FILTERS __ 


Aqueous liquids, including solutions of heat-labile 
substances, may be sterilized by forced passage 
through a filter of porosity small enough to retain 
any microorganisms contained in them. 

Membrane filters. These membranes are manu- 
factured from a variety of polymeric materials such as 
cellulose nitrate, cellulose diacetate, polycarbonate 
and polyester. They are manufactured as discs from 
13 to 293mm diameter and with porosities from 
0.015 to 12 um. A filter is chosen for use that has a 
porosity fine enough to retain the expected micro- 
organisms and a size and composition suitable for 
the required type and force of filtration. ‘They are 
sterilized by autoclaving. 

Membranes are made in two main ways. Capillary 
pore membranes have pores produced by radiation. 
This process gives a precise pore diameter and forms 
transparent membranes less than 10 pm thick with 


smooth surfaces and high tensile strength. ‘They are 
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suitable for the filtration of viruses, solvents and 
samples from high-pressure liquid chromatography. 

Labyrinthine pore membranes are thicker, 100- 
200 um in depth. They are produced by forced 
evaporation of solvents from cellulose esters. ‘hey 
are available in pore sizes above 0.1 jim, have a high 
porosity and give a large liquid throughput before 
clogging. They are recommended for the removal 
of bacteria and yeasts from solutions. The 0.22 [Lm 
pore size will retain Pseudomonas diminuta, the 
0.45 um filter will retain coliform bacilli in water 
microbiology, and the 0.8 um filter can be used to 
remove airborne microorganisms in ‘clean’ rooms 
and for the production of bacteria-free gases. 

The exact procedure for use varies with the form 
in which the filter is supplied. Filters may be supplied 
with plastic holders, pre-sterilized for single use, 
or they may be mounted in re-usable holders and 
fitted to filtration vessels, the whole assembly being 


autoclaved as a single unit. Alternatively, the com- __ 


ponent units may be packaged and autoclaved separ- 
ately for later assembly under aseptic conditions. 
In the latter case, the filter should be handled with 
flamed or pre-sterilized forceps in a laminar flow 
clean air cabinet. It is essential that the down-flow 
side of the filter and the delivery tube of the holder 
below it should not become contaminated. 

Syringe filters. Membranes of 13 and 25 mm dia- 
meter are commonly fitted in syringe-like holders 
of stainless steel or polycarbonate. These can be used 
for the sterilization of small volumes of fluids, e.g. 
solutions of heat-labile sugars which are to be added 
to already sterilized media. Side-arms may be fitted 
to the syringe to enable it to be used in a continuous 
or serial flow system. 

Vacuum and ‘in-line’ filters. Membranes of 25 and 
45 mm diameter are used, either with in-line filter 
holders of Teflon or stainless steel and aluminium, 
or with vacuum holders of borosilicate glass, poly- 
carbonate or stainless steel. They are suitable for 
the sterilization or disinfection of large volumes of 
liquid or air. 

Pressure filtration. Large membranes, 100-293 mm 
in diameter, or filter cartridges housed in pressure 
filter holders, may be used for the production of 
very pure water for laboratory use. They may be 
fitted with a Tefion filter so that the assembly is 
autoclavable with the filter a situ. 

Air filters. Large volumes of air may be rapidly 
freed from infection by passage through HEPA filters 
(High-Efficiency Particle Arresters). A principal use 
of such filtration in the laboratory is to render safe 
the air withdrawn from an exhaust-ventilated safety 
cabinet used for work with dangerous pathogens. 
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Another use is to decontaminate the air input into 
a laminar flow cabinet used for work, such as plate 
pouring, that needs to be protected from airborne 
contamination. 

Most safety cabinets are fitred with a disposable 
pre-filter which reduces the load collected by the 
main filter and so extends its effective life. The 
pre-filter should be readily accessible to permit 
easy changing. The main HEPA filter should have 
an efficiency of 99.997% when tested with dioctyl- 
phthalate chemical smoke or sodium chloride smoke 
generated in accordance with British Standard 3928 
at the filter manufacturer’s designed volumetric rate. 
To measure the penetration of the filter, a sampling 
point should be provided in the exhaust duct above 
the filter. The filter must be placed in such a way 
that the contaminated air cannot leak past it. The 
filter housing should be free-standing and not 
mounted within the walls of the exhaust duct (British 
Standards Institution 1979). 


STERILIZATION BY RADIATION 


Jonizing radiation. Gamma radiation emitted 
frorn a radioactive element, usually Co”, provides 
a reliable means of sterilizing plastic and other mater- 
ials that would be damaged by heat. It is widely 
used on a commercial basis for the sterilization of 
packaged disposable articles such as syringes. 

Ultraviolet radiation. Mercury vapour lamps emit- 
ting most of their radiation in the region of 250- 
260 nm are bactericidal and, to a lesser extent, 
sporicidal. The energy level of ultraviolet radiation 
is low and its penetration power poor. These lamps 
should, therefore, be used only for the disinfection 
of clean surfaces. The ultraviolet source must be 
shiclded in such a way as to prevent the radiation 
falling on the eyes and skin. The lamps have a limited 
working life and are seriously affected by dirt and 
dust. The proportion of bactericidal radiation can 
fall off to insignificant levels without a reduction in 
the emission of visible light. 


DISINFECTANTS 





The European Committee for the Standardisation 
of Disinfectants has defined disinfection as ‘the se- 
lective elimination of certain undesirable organisms 
in order to prevent their transmission, achieved by 
action on their structure or metabolism, irrespective 
of their functional state’ (Reber 1973). 
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The Briush Standard defines disinfection as the 
destruction of microorganisms, but not usually 
bacterial spores. Disinfection does not necessarily kill 
all microorganisms but reduces them toa level 
acceptable for a defined purpose (British Standards 
Institution 1991). 

Disinfectants are chemical agents that are capable 
of disinfection. They may kill vegetative bacteria, 
fungi, viruses and, occasionally, spores by the de- 
struction of proteins, lipids or nucleic acids in was 
cell or its cytoplasmic membrane. 

Disinfectants are used in clinical practice to de- 
contaminate surfaces that have been in contact with 
body fluids, tissues or mucosa, pathological. speci- 
mens or microbiological cultures. They may be used 
for medical devices where sterility is not required, 
i.e. when there is no risk of implanting spores into 
sterile tissues. They are also used where items or 
surfaces are too-large to be processed in a washer 
disinfector or are heat-labile or otherwise too fragile 
to withstand the washing process. 

Safety. Unlike chemotherapeutic agents, which 
selectively attack microorganisms, disinfectants are 
more generally toxic and may damage or irritate 
the skin, conjunctiva and mucosal membranes, Care 
must be taken to avoid contact and gloves must 
be worn when handling disinfectants. 

Safety spectacles, goggles or a visor and an imper- 
vious plastic apron must also be worn when splashing 
can occur, particularly when dilutions are being 
prepared from concentrated stock solutions (Health 
Services Advisory Committee 1991). 

Some disinfectants, notably formaldehyde, glutar- 
aldehyde and chlorine-containing agents, give off 
irritant toxic or allergenic vapours and the occupa- 
uonal exposure limits for these substances must not 
be exceeded (Health and Safety Executive 1991). 
These levels are revised annually. , 

Activity. Disinfectants have markedly different 
activities against different kinds of microorganisms. 
Gram-positive bacteria are most easily killed, Gram- 
negative bacteria (especially Pseudomonas species) are 
more resistant, and acid-fast bacteria more resistant 
sull. Activity against viruses and spores may be un- 
certain or absent. It is necessary, therefore, to choose 
a disinfectant that is suitable for the purpose required 
and each laboratory should have a written disin- 
fectant policy specifying the kind and concentration 
of disinfectants used. 

Use concentration. Disinfectants must always be 
used at the correct concentration. Too little is in- 
effective and too much may be irritant, The ‘use dilu- 
tion’ may be suggested by the manufacturer but the 
responsibility for ensuring efficacy rests with the user. 
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‘Use by’ date. The life of a disinfectant varies 
with its formulation and many disinfectants deterior- 
ate when diluted with water. In practice, therefore, 
discard jars should be renewed each day. ~ 

Inacnvation. Disinfectants may not kill even sus- 
ceptible bacteria if these are present in very large 
numbers or if the disinfectant has been inactivated 
by excess organic matter or if it is not brought into 
contact with all the contaminated surfaces. Disin- 
fectant solutions must not therefore be overloaded 
with bacteria or organic material such as culture 


‘media. All articles to be disinfected must be properly 


immersed in the disinfectant, without entrapment 
of air. . 

Velocity constants. Disinfectants take time to act. 
The time for effective disinfection will vary with the 
microbial load, the presence of organic material, the 
temperature, the pH, the nature of the exposed sur- 
faces and the presence of resistant bacteria or spores. 
Overnight exposure at room temperature, provided 
fresh contaminated material is not added, is generally 
considered to be adequate for most discards. 

Cleaning agents. Certain disinfectants are also 
easily inactivated by the presence of soaps or deter- 
gents of the opposite polarity, or by the presence of 
cork, cellulose, cotton, rubber and other materials. 
Disinfectants should therefore not be mixed with 
other disinfectants or cleaning solutions, and the 
current laboratory procedures should be monitored 
by regular ‘in-use’ tests. 

Manufacturer’s hability. As there are no univer- 


sally agreed test methods, it is commonplace for a — 


manufacturer, in promoting his disinfectant, to draw 
extravagant conclusions from test work performed 
with unrealistic parameters. It is essential therefore 
that the user should seek the assurance of published 
work to prove that the disinfectant is effective at the 
‘in-use’ concentration against a significant biological 
challenge (say 10*) of the relevant organisms, dried 
onto glass or metal, protected by a realistic organic 
load and tested at a realistic ambient temperature. 
A full COSHH assessment must be carried out 
for each disinfectant, under each condition of use. 
The disinfection policy must be clearly stated in the 
local rules relating the type of disinfectant to the 
task and stating the working dilution and renewal 
frequency. Suitable training must be given to all the 
staff who use them. For further information on the 
choosing and testing of disinfectants, see Methods.* 


Disinfection of surfaces and spillages 


Where spillage has occurred involving Creutzfeldt- 
Jakob or GSS tissues or body fluids, 10 000 p.p.m. 
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hypochlorite must be used with a contact time of 
not less than 30 min. ’ 

Where there is overt contamination with blood, 
or viral contamination, hypochlorite 10 000 p.p.m. 
should be used. With other body fluids and other 
infectious agents, hypochlorite 10000 p.p.m. or a 
2% phenolic solution may be used. 

Freshly made up solutions of disinfectant at the 
appropriate strength should be available on every 
work bench, most conveniently in a wash bottle of 


- non-inhibitory plastic. Benches should have an im- 


pervious surface which is resistant to damage by 
the disinfectant. They must.be cleaned with disin- 
fectant at the end of each working session, even when 
protected by a Guporabis covering. 

Liquid spillages must'immediately be covered with 
a disposable cloth or absorbent paper soaked in 
disinfectant and left for 10 min before being gathered 
up into an infected waste container with the help 
of disposable gloves and paper towels or other ab- 
sorbent materials. The area should then be swabbed 
with fresh disinfectant and rinsed off or polished dry 
to prevent a sticky finish. 

If the spillage is very large, a germicidal powder 
such as Presept Granules (Surgikos) may be used. 
Granules (greater than 100000p.p.m. available 
chlorine) are an apparently attractive method of 
dealing with liquid spillages but must not be used 
on acidic fluids, even in a well ventilated area. Care 
must be taken not to inhale chlorine fumes and, 
should fumes be generated, open a window and leave 
the room at once. The Occupational Exposure 
Standard (1 p.p.m. short term, 0.5 p.p.m. long term, 
8h ume-weighted average) must not be exceeded. 
Granules containing an absorbent copolymer must 
not be used as these create a protective film between 
the disinfectant and the spillage. 


Choice of disinfectants 


Phenolics. Clear soluble phenolic disinfectants 
such as Clearsol, Hycolin or Stericol are resistant to 
inactivation by organic matter and are active against 
a wide range of Gram-positive and Gram-negative 
bacteria. They are reasonably effective against myco- 
bacteria, but have little activity against endospores 
and viruses, including hepatitis B virus. They will 
not inactivate HIV within 30 min in the presence of 
80% serum. Their activity is reduced at an alkaline 
pH. Chloroxylenol products are not recommended 
as they are liable to be inactivated, even by hard 
water, and when diluted support the growth of 
Pseudomonas. ‘White fluids’ such as Lysol are effec- 
tive but are pungent and irritant to the skin. 


For use in general bacteriology where organic 
material is present, and for tuberculous material, the 
effective concentration for spillage or cleaning is 2%. 

Hypochlorites. Hypochlorite products such as 
Chloros, Domestos, Diversol BX, and Milton are 
readily inactivated by organic material and cationic 
detergents. They are corrosive to metals and textiles 
and have poor wetting properties. Buffered solutions 
are less corrosive but metal surfaces should not be 
exposed to them at full strength for any length of 
te. They should not be mixed with acids, for 
they then may give off toxic amounts of chlorine gas 
(Health and Safety Executive 1991), They are very 
active against Gram-positive and Gram-negative 
bacteria and viruses, including HIV and HBY, even 
in the presence of 80% serum. They are less active 
against mycobacteria. 

The effective concentrations are 10 000 parts per 
million of available chlorine for spillages, 2500 p.p.m. 
for discard containers and 1000 p.p.m. for cleaning. 
~ Glutaraldehyde. Alkaline and non-activated pre- 
parations of glutaraldehyde include Asep, Cidex, 
Clinicide, 3M, Totacide and Triocide. They are 
usually supplied at the working concentration of 
2%. Their ability to penetrate organic material is 
poor and their use should be restricted to pre-cleaned 
surfaces. Glutaraldehyde is less corrosive than hypo- 
chlorite and therefore can be used to disinfect small 
metal surfaces when viral contamination i§ likely 
and there is a particular problem with metal*corro- 
sion, such as with centrifuge fixing screws. Many 
preparations contain corrosion inhibitors and sur- 
factants and may remain stable for up to 28 days 
after activation. 

The use of glutaraldehyde for surface decontami- 
nation must be restricted to the absolute minimum. 
The work must be undertaken in a well ventilated 
area with minimal exposure to the fluid. The Occu- 
pational Exposure Standard (0.2 p.p.m. 8h time- 
weighted average) must not be exceeded (Health 
and Safety Executive 1991), The use of ghutaral- 
dehyde must be re-assessed as part of a COSHH 
assessment whenever there is a procedural change 
or if there are any complaints of headache, shortness 
of breath or ill health among the staff. 

Glutaraldehyde is rapidly bactericidal and virucidal, 
including for HIV and HBV, even in the presence 
of 80% serum. It is effective against mycobacteria 
and to a lesser extent spores, although the killing of 
spores may require their exposure for at least 3 h. 

Ethyl alcohol, Ethanol 70% in water is highly 
active against Gram-positive and Gram-negative 
bacteria but inactive against spores and many viruses. 
Neither ethanol nor isopropanol will inactivate 
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HIV within 30 min in the presence of 80% serum. 
Neither industrial methylated spirits nor ethanol are 
capable of inactivating within 10 min cell-free HIV 
dried on to a surface.- Wiping with alcohol, which 
usually dries within seconds, is therefore dangerously 
ineffective (Hanson 1989). 

Alcohols have poor powers of penetrating organic 
matter and must not be used on heavily soiled sur- 
faces. They can be removed from disinfected articles 
by flaming, but the temperature reached on the 
surface of the article during flaming 1s not high 
enough for sterilization. 

Other disinfectants. Pine fluids, quaternary ammo- 
‘nium compounds, ampholytes and bisguanides are 
unsuitable for laboratory use as they are inactive 
against mycobacteria, spores and non-enveloped vi- 
ruses, and are seriously inactivated by hard water, 
organic materials and other substances (Hoffman 
1981, Maurer 1985). 

Virkon is a peroxygen compound. It may have 
a limited laboratory application. Despite manufac- 
turer’s claims, little has apparently been published 
and there is evidence that this product will not 
inactivate mycobacteria. 

Chlorine dioxide. At the time of writing, this 
material requires further testing, particularly in rela- 
tion to safety and the release of chlorine fumes, and 
surface tests protected by serum. Virucidal activity 
under these conditions requires fuller evaluation. 

Peracetic acid. ‘This is expensive and, as a concen- 
trate, is corrosive and irritant. It is, however, spori- 
cidal and has promise as a sterilant for surgically 
invasive endoscopes. At the time of writing. it has 
not been subjected to surface tests with a complete 
range of clinically significant viruses including HBV 
analogues. 

Phoraid, This is an organoiodine, does not 1n- 
activate HIV in the presence of 80% serum and 
cannot be recommended for \aboratory use. 

Gigasept. This dihydrofuran is an expensive 
aldehyde. It does not inactivate HIV in the presence 
of 80% serum and requires 2h to inactivate HBV. 
‘This product cannot be recommended for laboratory 
use. 


Disinfection of safety cabinets 


Exhaust protective cabinets should be washed down 
with an appropriate disinfectant after each day’s use. 
Disposable gloves should be worn when doing so. 
Further decontamination with formaldehyde vapour 
should be performed before any service work other 
than minor attention to the external controls. Fumi- 
gation is necessary when filters are to be changed 
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or when access to internal ducting or fittings is neces- 
sary. For further information on the fumigation of 
Safety Cabinets see Methods.* 


Discard jars 


Jars containing a suitable disinfectant at the correct 
concentration may be placed at each work station to 
receive discarded pipettes, culture tubes and other 
contaminated materials. The disinfectant should be 
changed daily and regular in-use testing* should be 
performed. 

Consideration should be given to reducing or 
eliminating discard jars in the laboratory. The use 
of glass pipettes and other glass articles requiring 
recovery should be minimized. Plastic ‘sweetie jars’ 
fitted with screw-capped lids are suitable for Pastettes 
(after the careful expulsion of fluids back into their 
containers), pipette tips and other small items of 
hard waste. The screw caps of the jars must be closed 
whenever the jar is unattended on the bench and 
they are removed when the jars are placed in the 
discard bins for autoclaving. Glass slides are disposed 
of in the approved sharps containers. 


Disinfection of rooms 


Although sometimes attempted in exceptional cir- 
cumstances, the disinfection of a laboratory room 
with formaldehyde vapour is uncertain, especially 
at temperatures below 20°C and relative humidities 
below 70%. Penetration into porous fabrics is slow 
and every effort must be made to clean and disinfect 
individually all accessible surfaces (see 13th edition 
of this book, Ch. 4). 


Disinfection of skin 


Laboratory staff must wash their hands thoroughly 
whenever they become soiled during work or acci- 
dentally contaminated with a culture or a leaking 
specimen. They should also wash their hands at the 
end of each work period and after removing pro- 
tective gloves or clothing. Foot-operated, elbow or 
wrist taps must be used; after washing, hands should 
be dried under a hot-air drier or with a disposable 
paper towel which is discarded into a plastic bag 
for autoclaving or incineration. 

Washing with soap and water removes most of 
the transient surface contaminants and some of the 
resident skin commensal bacteria, but because some 
of the contaminants may remain (Lowbury et al 
1981, Pether & Scott 1982), a chlorhexidine or 
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iodine detergent (Surgical scrub) should be used if 
the hands are likely to have become contaminated 
with pathogens. These scrubs are 20—30 times more 
effective than a wash with soap and water (Lowbury 
& Lilly 1973). As an additional precaution, hands 
may be rubbed with an alcoholic solution of 
chlorhexidine. 

If as a result of a laboratory accident the skin 1s 
broken, encourage bleeding by gentle venous occlu- 
sion. Thoroughly wash contaminated broken skin 
or mucous membranes with running water. Do not 
suck or scrub the wound. If the wound margins 
are dirty, irrigate with a mild disinfectant such as 
chlorhexidine with cetrimide. 


METHODS © 


Operating hot air sterilizers 


1. Ensure articles are thoroughly clean and dry. 

2. Cap glass test tubes with slip-on aluminium 
caps and place them vertically in metal racks. 

3. Stopper the ends of pipettes to a depth of 
about 2.cm with plugs of non-absorbent cotton-wool. 
Place pipettes in meta! canisters. Wrap other items 
individually in Kraft paper. 

4. Do not use screw-capped bottles unless their 
caps and liners are made of a material such as metal, 
Teflon, polypropylene or silicone rubber that will resist 
distortion at the sterilizing temperatures. 

5, Sterilize powders, fats, oils and greases in sealed 
glass or metal containers in small amounts not exceeding 
10 g in weight. 

6. Position the individual articles or packs of the 
load to allow free circulation of hot air between and 
around the items. 

7. Support heavy metal instruments in a cradle to 
facilitate heating. 

8. Protect delicate sharp instruments from physical 
damage. 


Sterilizing cycle 


1. Set the controls to ensure that the sterilization 
hold time does not start until the sterilizing temperature, 
detected by ihermocoupies piaced in the load, has 
been reached. If the machine does not monitor each 
load by thermocouple, set the controls to start the 
sterilization hold time when the chamber has reached 
the sterilizing temperature and a further period has 
been allowed for all parts of the load to be raised to 
that temperature. (This additional heating-up time 
should be established at the commissioning of the 
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sterilizer by the use of thermocouples distributed 
through a test load of the heaviest and least permeable 
kind that the machine is expected to process.) 

2. Set the sterilization hold time to 160°C for 2h, 
or 170°C for 1h, or 180°C for 30 min (British Phar- 
macopoeia 1988, European Pharmacopoeia 1990). 


Cooling 


This may take up to several hours because of the 


- protective insulation of the oven. It can be hastened 


by circulating cool outside air drawn in through a 
HEPA filter or by fitting an external cooling coil. 


1. Do not attempt to open the chamber door until 
the chamber and load have cooled to below 80°C, 
Glassware is liable to crack if cold air is admitted 
suddenly while it is still very hot. 

2. Use protective gloves to remove items from the 
oven. 


Testing 


1. Compare the temperature chart produced during 
each run with the master temperature record, produced 
at commissioning, to ensure that the performance of 
the machine has not deteriorated. 

2. Carry out routine quarterly and yearly thermo- 
couple tests to validate and calibrate as described in 
the Department of Health and Social Security (1980a) 
Health Technical Memorandum No. 10. ) 

3. If the machine does not have a temperature 
chart recorder, include a chemical indicator such as 
Browne's tubes No. 3 in each load and observe for 
a colour change from red to green. This will at least 
demonstrate that the time/temperature relationship has 
been achieved within the chamber. It is not however 
an adequate substitute for the physical monitoring of 
the load. 


Testing washer disinfectors — 


Full performance tests for washer disinfectors are 
set out in the appropriate British Standard for Washer 
Disinfectors for Medical Purposes (BS2745) now under 
revision. In addition, the user must test the efficiency 
of heat disinfection by thermocouple and the washing 
process by soil tests. These should be performed 
on commissioning and again at 6 month intervals 
thereafter. 

1. Place thermocouples in the worst areas of the 
load, taped on to the least accessible part of the 
article that is likely to be soiled in normal use. 

2. Operate cycle according to manufacturer's 
instructions. +e 
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3. Confirm time/temperature achieved, i.e. 71°C 
for 3min or 80°C for 1 min or 93°C for 10min as 
appropriate. 

4. Prepare test soils: ~~~ - - 


(a) Bedpan soil J.3.1.1 (BS2745 part 2) 

(b) Urine bottle soil J.3.1.2 (BS2745 part 2) 

(c) Soil for holloware, glassware and surgical 
instruments, L.2.1 (BS2745 part 3) 

(d) Soil for respiratory equipment L.1.1 (BS2745 
part 3) 


5. Apply test soils evenly to all surfaces and allow 
to dry to room temperature. 

6. Load and operate cycle eoaNG to manu- 
facturer’s instructions. 

7.. Examine for residual soil. 

8. Operate cycle and abort power in mid cycle. 

9. Ensure that a failure is recorded and that access 
to the load has been banned. 

10. Operate the cycle and cut off the cold water 
inlet immediately after the disinfection phase. — 

11. Ensure that a failure has been recorded and 
that access to the load is banned until the temperature 
of the load falls below 80°C. 


Operation of boiling water-bath 


1. Fill with deionized or distilled water. 

2. Dismantie and clean instruments. 

3. Place instruments on the perforated tray in a 
single layer. | 

4. Immerse instruments and tray, avoiding entrapment 
of air. 

5. When the water boils, set the time lock for 5 min. 

6. Do not add fresh articles during the period of 
boiling. 

7. After boiling for 5min remove instruments 
immediately with long-handled forceps. Hold the hot 
article with the forceps long enough to allow it to dry by 
evaporation. 

8. Store the instruments dry. 

9. Empty the boiler and leave dry. 


Note: 


1. The boiler must be fitted with a thermostatic 
cut-out and a timed lid interlock. 

2. It is not possible to monitor this process. Bio- 
logical or chemical indicators cannot be used. 

3. Boiling water presents a scalding hazard. 


Operation of steamer 
1. Loosely stopper flasks with.cotton-wool and tubes 
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with metal caps. Loosen caps of DIN standard media 
bottles. 

2. Bring water to boil until the ingredients are molten 
and clarification occurs. 

3. Continue boiling for the time specified by the 
media manufacturer. 

4. Switch off and allow to cool to 80°C before 
removing. 


Reading pressure gauges 

1. Ensure that all new autoclaves are calibrated 
in bar or mbar (abs). 

2. Note the units used in older machines and con- 
vert all readings to bar and mbar. Measurements of 
pressure may be given ina variety of units. In traditional 


British practice, this is in pounds per square inch . 


(p.s.i. or Ib/in*). The following equivalences may be 
noted: 1 normal atmosphere = 1 bar = 14.7 p.s.i. = 
760 mmHg = 10° N/m? (Newtons/square metre) = 0.1 
mN/m* = 100 kPa (kilopascals) = 760 torr (Torricelli 
units). 

3. Note whether pressure given is gauge (pressure 
above atmospheric) or absolute, 

4. Convert all readings to pressure above atmos- 
pheric. 


Testing transportable bench-top 
autoclaves 


1. Maintain a log book. 

2. Note gauge readings on a daily basis for auto- 
claves used in the sterilization of invasive instruments 
and at least weekly if used for the thermal! decon- 
tamination of instruments such as animal house or 
mortuary instruments. 

3. If the temperature is within 1°C and the pressure 
within 0.1 bar of the preceding test record, and if the 
time and temperature of the run is within the operating 
parameters of the autoclave (Table 46.1), the test is 
considered satisfactory. 

4. Carry out thermocouple tests quarterly in accord- 
ance with Department of Health and Social Security 
(1980a) Health Technical Memorandum No. 10. 


5. Arrange for a pressure vessel inspection for ' 


insurance purposes at intervals of not more than 14 
months (Department of Health 1992). 


Testing of multipurpose laboratory 
sterilizer 


An outline of the tests required for hospital sterilizers 
is set out in Table 46.1. Testing should be carried 
out in accordance with Department of Health & 


ry 
a 


a ee oe es 


a 


a, 





Social Security (1980a) Health Technical Memorandum 
No. 10. 


Fluid cycle 

1. Check the temperature record chart at the end 
of each cycle against the master temperature record 
made on commissioning to ensure that the machine's 
performance has not deteriorated. , 

2. Observe gauge readings weekly to check that 
they are consistent with previous readings. 

3. Carry out the additional quarterly and yearly 
tests with thermocouples to validate and calibrate the 
instrumentation. These are described in the Depart- 
ment of Health and Social Security (1980a) Health 
Technical Memorandum No. 10, appendix 11. 


Discard loads 


1. Check the temperature record chart before each 
discard load is released to ensure that it conforms to 
the master temperature record. 

2. Carry out visual checks of gauge pressures, door 
seals and interlocks, on a weekly basis. Ideally, air-leak 
tests should also be performed. 

3. Carry out thermocouple tests on typical discard 
loads on a monthly basis to check the heat penetration 
time and the sterilizing temperature and sterilizing hold 
time (Health Services Advisory Committee 1991). 

4. Carry out additional quarterly and yearly thermo- 
couple tests to validate and calibrate instrumentation. 


Porous loads 


1, Check the temperature record chart on every run 
to confirm that it conforms with the master temperature 
record produced on commissioning. 

2. Ideally carry out leak rate tests on a weekly basis. 
The leak rate should not exceed 1.3 mbar/min. 

3. Check gauge readings weekly to validate auto- 
matic contro} cycle. 

4. Carry out additional quarterly, half-yearly and yearly 
tests with thermocouples as described in Department 
of Health and Social Security (1980a) Health Technical 
Memorandum No. 10, appendix 7. 


Biological tests 


Microbiological tests should not be carried out on 
the laboratory autoclaves. They add nothing to the 
physical parameters. When microbiological tests are 
required for hospital sterile equipment, first ensure 
that there is good and sufficient reason to justify their 
employment. 
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1. Ensure that the autoclave has passed its physical 
checks, including a Bowie—Dick test (Bowie et al 1983) 
to prove that air removal is effective. 

2. Purchase paper discs or strips containing at least 
10° spores of Bacillus stearothermophilus (NCTC 
10003, ATCC 7953, CIP 52.181) with Z factor of 10-14. 
(The Z value is a measure of the thermal resistance 
of the spore to the particular process. It is the number 
of degrees centigrade required to produce a 10-fold 
change in the thermal death time.) 

3. Place the spore strips in the centre of one or 
more packs in the coolest (lowest) part of the chamber. 

4. After autoclaving, transfer the strips with aseptic 
precautions into tryptone soy. broth pH 7.3 (Oxoid, 
Unipath CM129). 

5. Incubate aerobically at 56°C for 5 days. At the 
same time incubate a positive, unautoclaved control 
disc. 


Autoclave tapes on the surface of the packs merely 
provide an indication that the process has been 
carried out. It does not indicate that the contents of 
the pack are sterile. 

It is unwise to manufacture one’s own test spores. 
Biological variability creates considerable difficulty in 
producing consistent spores with a defined D value, 
i.e. the number of minutes exposure to produce a 
log reduction in the number of viable spores at the 
temperature of the test. 


Operation of a low-temperature steam 
formaldehyde (LTSF) sterilizer 


1. Wash, dry and warm the articles to be sterilized. 
Do not dry in oven temperatures above 60°C. 

2. Wrap articles with materials complying with speci- 
fication of the Department of Health and Social Security 
(1980a). Do not use metal containers. 

3. Load articles in the upright position to allow free 
drainage of condensate. 


Testing of LTSF sterilizer 


1. Proceed to biological testing only if the machine 
has been fully commissioned in accordance with the 
Department of Health and Social Security (1980a) 
Healih Technicai Memorandum No. 10 and complies 
with the physical criteria for low temperature disinfection. 

2. Purchase test organisms (8. stearofhermophilus 
NCTC 10003). Paper strips should contain at least 
10° spores. They must be stored at 4°C for no longer 
than 6 months before use (Line & Cutts 1982). 
Spore strips may be purchased from Southern Group 
Laboratories. ; 
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3. Place the spore strips in the chamber of a Line 
& Pickerill (1973) helix. 

4. Operate the cycle and remove aseptically. Im- 
merse the strip in not less than 15 ml tryptone soy 
broth (Oxoid, Unipath CM129). The broth should have 
been previously incubated to ensure its sterility. It 
is important that the broth does not contain added 
carbohydrate or a pH indicator dye. 

5. Incubate aerobically for 14 days at 56°C, shaking 
daily. 

6. Observe for the development of turbidity, indi- 
cating failure of sterilization. 

7. Verify positive cultures by subculture on to nutri- 
ent agar plates incubated overnight at 56°C. The 
colony should be grey, opaque and about 5mm in 
diameter. 


For routine use, a single Line & Pickerill test 
should be performed during each sterilizing cycle. 
On commissioning, a large number of spore strips are 
suspended throughout the chamber in the pattern 
described by the Department of Health and Social 
Security (1980a,b). 


Testing the ethylene oxide sterilizer 


Biological tests are required. There are no physical 
or chemical equivalents. The test organism is Bacillus 
subtilis subsp niger (NCTC 10073, ATCC 9372). It is 
easy to grow, its spores survive storage and its colonies 
are readily distinguished by their orange pigment. 


1. Obtain commercial test spores (3M 1222). 

2. Dry onto paper or aluminium foil, or inject in 
aqueous suspension into the lumen of catheters or 
endoscopes. 

3. Seal the positive contro! strips into glass am- 
poules and include in the test run. The test strips should 
be homogenized in broth, diluted and cultured to 
ensure that the recoverable viable challenge consisted 
of at least 10° spores. 

4. After exposure incubate the test spores in gluc- 
ose tryptone broth or a defined amino acid mixture at 
pH 6.9 and at 25°C. 

5. Examine cultures daily for 14 days for developing 
turbidity. 

6. Subculture to confirm that the growth consists 
of the test organism. 

7. Challenge the sterile cultures by seeding with 
fresh spores to ensure that the recovery medium has 
not been made inhibitory by a carry-over of ethylene 
oxide, 


In routine use, a spore test must be carried out on 
each cycle. Commercial test packs are available which 
incorporate the recovery medium and an indicator. 
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Testing disinfectants 


Microbiological laboratories may be asked to deter- 
mine the Rideal-Walker or Chick—Martin coefficients 
of the disinfectants used in the hospital service. These 
tests are irrelevant. The test organism is inappropriate 
and the test irreproducible. Phenol coefficients are 
appropriate only for phenolic disinfectants. Tests for 
the minimum inhibitory concentration (MIC) of the 
disinfectant are also irrelevant as the number of organ- 
isms exposed to the disinfectant is too low and the 
time of exposure too long. MIC tests are usually done 
at the unrealistically high temperature of 37°C and 
without the presence of sufficient organic material. 

Testing the adequacy of a_ disinfectant depends 
on the result of highly specialized tests such as the 
Kelsey Sykes capacity test (Kelsey & Maurer 1974). 
in Britain, disinfectant testing is carried out by the 
Division of Hospital Infection of the Public Health La- 
boratory Service, Colindale, London, and the Hospital 
Infection Research Laboratory, Dudley Road Hospital, 
Birmingham. 

Considerable international effort is being expended 
in developing test methods for clinical disinfectants, 
and European standards may be published by the 
CEN Central Secretariat over the next few years 
(prEN1040). It may well be, however, that disinfectants 
for medical or laboratory use will require testing for 
more stringent criteria, ¢.g. the ability of the concentra- 
tion present at the end of the in-use period to eradicate 
successfully a significant bioburden (say 10%) of clini- 
cally significant mycobacteria, viruses (including HIV) 
and fungi at ambient temperatures when dried on to 
the surface of metal or glass and protected by the 
worst-case concentration of serum. 

Hospital laboratories should perform the in-use test 
only to confirm that the chosen disinfectant has been 
effective under the conditions and the period of use. 
This test, for example, should be performed on the 
diluted disinfectant in discard jars after they have been 
used and left overnight. 


In-use test 


1. With a sterile pipette, transfer i ml of the used 
disinfectant into 9 ml nutrient broth in a sterile universal 
container. 

2. Place 0.02 ml drops of this mixture onto ten different 
areas of each of two well dried nutrient agar plates. 

3. Incubate one plate for 3 days at 37°C and the 
other for 7 days at room temperature. 

4. Read the test as showing failure of disinfection if 
there is growth in more than five drops on either plate. 


Carry over of a phenolic or hypochlorite disinfectant 
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is neutralized by the dilution of the broth and agar. 
Additianal inactivation may have to be used in tests 
with other kinds of disinfectant. The efficacy of the 
inactivator must then be checked as described by 
Maurer (1985). 


Disinfection of safety cabinets 


1. Place 25ml formaldehyde solution BP (40% 
formaidehyde) in an electrically heated dish inside 
the cabinet or in an approved vaporizer built into the 
cabinet by the manufacturer. 

2. Replace the front closure of the cabinet and, if 
necessary, seal with adhesive tape. 

3. Vaporize the formaldehyde and leave the cabinet 
closed overnight. 
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4. The following day, switch on the extract fan to 
remove the formaldehyde vapour and expel it through 
the HEPA filter into the exhaust duct. 

5. After a few moments open the front closure 
about 1 cm to increase the airflow. 

6. When all the formaldehyde vapour has been 
extracted, remove the front closure and check the 
rate of airflow before using the cabinet. 


Formaldehyde disinfection must be carried out if any 
maintenance work requires to be done on the cabinet, 
€.g. Cleaning of grids or changing of filters. Protective 
gloves and clothing must be worn. The use of potas- 
sium permanganate is not recommended as there is 
a risk of explosion if the permanganate is at any time 
present in excess. 
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pH measurements and buffers, oxidation-reduction 
potentials, suspension fluids and preparation of 


glassware 
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pH IN MICROBIOLOGY _ 


Microorganisms, in common with other living organ- 
isms, are very susceptible to changes in the acidity 
or alkalinity of the surrounding medium. This is 
important for their growth and for their survival. 
While many bacteria show vigorous growth within a 
fairly wide range of acidity or alkalinity, there are 
others that require this to be adjusted within narrow 
limits before multiplication takes place. Moreover, 
all microorganisms have a particular alkaline or acidic 
or neutral reaction at which growth is optimal. 

It is convenient to express acidity and alkalinity 
in terms of molar hydrogen-ion concentration {H"}. 
For reasons of practical convenience, [H"] is usually 
expressed on a logarithmic or pH scale. 

The pH value of a liquid is defined as the logarithm 
of the reciprocal of the hydrogen ion concentration, 
1.¢. 


1 
pH = log —— 
~ [A 





| ] 
For neutral water, pH = log os 7 
10 


Two points should be borne in mind about the 
PH scale. 


1. Since it is a logarithmic scale, a change of one 


unit of pH is equivalent to a 10-fold change in hydro- | 


gen-ion concentration, that is a 10-fold change in 
acidity; thus a liquid of pH 5.0 is 10 times more acid 
than one at pH 6.0; while a liquid-of pH 9:0 is 10 
times more alkaline than one of pH 8.0. For this rea- 
son, the degree of accuracy required in microbiology 
makes it necessary always to give values correct to 
the first decimal place, e.g. 7.0, 7.1 or 7.2. 

2. Since it is a reciprocal scale, the lower the pH, 
the greater will be the acidity. A pH value of less 
than 7.0 indicates an acid solution and greater than 


2 er 


7.0 indicates an alkaline solution. For example, 
1 mol/litre HCI has an approximate pH value of 0; 
0.1 mol/litre HCI has an approximate pH value of 1; 
0.01 mol/litre HCI has an approximate pH value of 2. 


Microorganisms are sensitive in varying degrees 
to the pH of the external environment. Although this 
is important for survival, it is even more important 
for growth, where there is an optimum, a maximum 
and a minimum pH. Media should be adjusted as 
far as possible to the pH optimal for the growth of 
the organism concerned. Most pathogenic bacteria 
have a fairly restricted pH range and prow best 
around pH 7.3, i.e. at a slightly alkaline reaction. 
This may be a reflection of the fact that the pH of 
mammalian blood and tissues is of this order. For 
example, Streptococcus pneumoniae has an optimum 
pH of 7.8, and a growth range between pH 6.5 and 
8.3. On the other hand, commensal and saprophytic 
bacteria often have a wider pH growth range. 
Escherichia coh has an optimum pH of 6.5, and a 
growth range between pH 4.4 and 7.8. Yeasts and 
fungi generally have an acid optimum. Not only 
should growth media be adjusted to the optimum 
pH, but all suspending fluids should be at a reaction 
giving the largest survival time (usually of the same 
order as the optimum pH), 

Two types of method are generally employed for 
the measurement of pH in the laboratory. . These 
depend either upon the use of electric pH meters 
or upon pH indicator dyes. 


The oH meter 


The only accurate method of measuring pH is with 
a pH meter, and in laboratories where numerous 
determinations of pH are required, this apparatus is a 
necessary piece of equipment. It is easy and quick to 
use although care must be taken in its maintenance. 

The design of pH meters and pH electrodes has 
been revolutionized in the past few years. Every 
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conceivable’ design is now available, ranging from 
miniature battery-operated instruments which can 
measure the pH of a few microlitres of solution, to 
bench-top models with microprocessor control offer- 
ing the possibility of measuring a range of parameters 
including temperature, electrode potential (Eh), and 
concentration units of a range of different ions 
when fitted with ion-selective electrodes. Detailed 
descriptions of the theory of pH measurement can be 


found in appropriate textbooks. Instructions for use. 


of pH meters and electrodes are given in the manuals 
and pamphlets supplied by the manufacturers. 


Methods depending upon the use of pH 
indicator dyes | 


Indicator dyes are substances that will change in 
colour with variations in the pH of the solution in 
which they are dissolved. For example, phenol 
sulphone-phthalein (phenol red) is yellow in acid 
solution and red in alkaline solution. If alkali is 
gradually added to an acid solution containing 
phenol red, the change in colour will commence at 
pH 6.8, the yellow becoming redder until the final 
red is reached at pH 8.4; thus the ‘range’ of the 
indicator is pH 6.8-8.4. Within this range, phenol 
red has different colours for different pH values 
and this can be used to determine pH. The range of 
phenol red is particularly suitable for the adjustment 
of the pH of bacterial culture media. It must be 
emphasized that outside the range at which the 
colour is changing, an indicator can show only 
whether the solution is more acid or more alkaline 
than the indicator range. For example, phenol red 
is yellow at all pH values below 6.8 and is red at 
all values above 8.4. However, other dyes have their 
own different ranges in which colour change occurs, 
and there is now available a series of indicators which 
will cover the range from pH 1 to 11. Examples are 
shown in ‘Table 47.1. 

The simplest method of determining the pH of a 
solution is to use commercially available pH indi- 
cator papers. These papers are impregnated with an 
indicator that gives a change of colour over a specific 
or general range of pH. The paper can sumply be 
dipped in the solution to be tested or, alternatively, 
a drop of the solution can be withdrawn by a wire 
loop or Pasteur pipette and placed on the paper. The 
resulting colour is compared with the chart supplied 
with the papers. Sets of wide range and narrow range 
pH papers are available from several suppliers, e.g. 
Whatman, BDH, Camlab. Recently two-zone and 
three-zone pH papers have been developed to give 
better accuracy. A problem with pH papers is that 
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they tend to ‘bleed’ colour if left for a time in weakly 
buffered solutions. New pH sticks are available where 
the indicator is bound to cellulose fibres and these 
are recommended for weakly buffered solutions. It 
must be emphasized, however, that all of these test- 
papers will give at best an approximate idea of the 
pH and the results should always be checked by a 
more accurate method. 

Before pH meters were generally available, two 
reasonably accurate indicator dye methods were 
commercially available in kit form and were widely 
used in laboratories. These methods, the comparator 
and capillator methods, now mainly of historic 
interest, were described in a previous edition of this 
yolume (Medical Microbiology, 12th edn, vol 2). 


BUFFERS 

Not only is it important to have the suspending 
fluids for microorganisms within a certain pH range, 
it is also important to keep the pH within the same 
range. Most microorganisms produce acids or alkalis 
as a result of their metabolic activities and these 
must be prevented from altering the pH of the en- 
vironment too radically. For example, bacteria when 
grown on a medium containing a sugar generally 
produce acid intermediates or end-products (e.g. 
formic, acetic, propionic, butyric or lactic acids). 
This is particularly true of fermentation under rela- 
tively anaerobic conditions. If these acidic products 
were allowed to accumulate in an unbuffered medium, 
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the-< organism would soon be killed by the low Y 
produced. 

It is, therefore, preferable and often essential to 
include buffers in culture media and in suspending 
fluids. These buffers tend to resist changes in hydro- 
gen-ion concentration. They are usually formed by 
mixing a weak acid with its salt, although a weak 
alkali and its salt can also be used. Buffering action 
is due to the fact that a weak acid is only weakly dis- 
sociated while its salt with an alkali metal is strongly 
dissociated. Thus, whereas 0.1 mol/litre acetic acid is 
only 1.35% dissociated, 0.1 mol/litre sodium acetate 
is 97% dissociated. If hydrogen ions are added to 
such a buffer solution, they will react with the high 
concentration of salt anions to form non-ionized 
acids. This weak acid, once formed, does not tend to 
ionize appreciably and, at the same time, its ioniza- 
tion is opposed by the high concentration of anions 
present. Therefore hydrogen ions have been added, 
but have been removed, leaving the pH of the 
solution only slightly altered. ~ 

Generally speaking, the buffering power of a mix- 
ture of a weak acid and its salt is greatest when the 
two are present in equimolar proportions. From such 


mixtures, buffers can be prepared covering a range: . 


of about 1 pH unit on each side of the pH given by 
an equivalent mixture (the pK of a buffer). Outside 
this range, the buffering capacity falls off very rapidly. 
Although the concentration of the buffer determines 
its ability to resist changes in hydrogen-ion concen- 
tration, the actual pH given by a certain mixture is 
only slightly affected by dilution. 

The preparation of some common buffers is 
described below. 


Citrate buffer 


Stock solution A: 0.1 mol/litre solution of citric 
acid (19.21 gin 1 litre). 

Stock solution B: 0.1 mol/litre solution of sodmum 
citrate (29.41 g C;H«O,Na,;.2H,0 in | litre). 

x ml of A +y ml of B, diluted to a total of 100 ml 


x y pH 
46.5 3.5 3.0 
43.7 6.3 a2 
40.0 10.0 3.4 
37.0 , 13.0 3.6 
5o.L3 15.0 3.8 
33.0 17.0 4.0 
315 18.5 4.2 
28.0 22.0 4.4 
25.5 24.5 4.6 
23.0 27.0 4.8 


20.5 | 29.5 5.0 
18.0 32.0 5.2 
16.0 34.0 5.4 
13.7 36.3 5.6 
11.8 38.2 5.8 

9.5 40.5 6.0 

7.2 42.8 6.2 
Acetate buffer 


‘Stock solution A: 0.2 amare aORIGE of acetic 
acid (11.55 ml in 1 litre). = 

Stock solutton“B:° 0.2 indthiece solution of sodium 
acetate (16.4g of C,H;,O,Na_ or 
C,H;0,Na.3H,0 in ] litre). 

x mi of A‘+y ml of B, diluted to a total of 100 ml 


x y pH 
46.3 37 me ¥ 
44.0 6.0 3.8 
41.0 90 © 4:0 
36.8 sect 1S 4.2 
“Soar 19.5 4.4 
25.5 24.5 4.6 
20.0 S00 . 4.8 
10.5 39.5 5.2 
8.8 41.2 5.4 
4.8 45.2 5.6 


Citrate—phosphate buffer 


Stock solution A: 0.1 mol/litre solution of citric 
acid (19.21 gin | litre). 

Stock solution B: 0.2 mol/litre solution of dibasic 
sodium phosphate (28.39 g of Na,HPO, or 71.7 ¢ 
of Na,HPO,.12H,0O in 1 litre). 

x ml of A + y ml of B, diluted to a total of 100 ml 


x y pH 
44.6 5.4 2.6 
42.2 7.8 2.8 
39.8 10.2 3.0 
37.7 12:5 Dh ads 
35.9 14.1 3.4 
33.9 16.1 3.6 
32.3 17.7 3.8 
30.7 19.3 4.0 
29.4 20.6 4,2 
27.8 22.2 4.4 

- 26.7 25.5 4.6 
25.2 24.8 4.8 
24.3 25.7 5.0 
Se 20.7 5.2 
9 27.8 5.4 
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21.0 29.0 5.6 
19.7 30.3 5.8 
17.9 32.1 6.0 : 
16.9 33.1 6.2. . 
15.4 34.6 6.4 
13.6 36.4 6.6 

9:1. 40.9 6.8 

6.4 43.6 7.0 


Phosphate buffer 


Stock solution A: 0.2 mol/litre solution of mono- 
basic sodium phosphate (31:2 g NaH,PO,.2H,0 in 
1 litre). 

Stock solution B: 0.2 mol/litre solution of dibasic 
sodium phosphate (28.39:g of Na,HPO, or 71.7 g of 
Na,HPO,.12H,0 in 1 litre). 

x ml of A + y ml of B, diluted to a total of 200 ml 


x ¥ pH 
92.0 8.0 5.8 
87.7 12.3 6.0 
81.5 18.5 6.2 
32> 26.5 6.4 
62.5 31D 6.6 
51.0 49.0 6.8 
39.0 61.0 7.0 
28.0 72.0 7.2 
19.0 81.0 7.4 
13.0 87.0 7.6 

8.5 91.5 7.8 

5.3 94.7 8.0 


Barbitone (Veronal) buffer 


Stock solution A: 0.2 mol/litre solution of sodium 
barbitone (sodium diethyl barbiturate 36.9g in 
1 litre). 

Stock solution B: 0.2 mol/litre HCl. 

50 ml of A +x ml of B, diluted to a total of 200 ml 


x pH 
Lea 9.2 
2:5 9.0 
4.0 8.8 
6.0 8.6 
9.0 8.4 
137 8.2 
17,9 8.0 
feed 7.8 
215 7.6 
32.5 7.4 
39.0 7.2 
43.0 7.0 
45.0 6.8 


cm i a 


Note: Solutions more concentrated than 0.05 mol/ 
litre may crystallize on standing, especially in the cold. 


Tris (hydroxymethyl) aminomethane HCI 
(Tris HCI) buffer 


Stock solution A: 0.2 mol/litre solution of tris 
(hydroxymethyl) aminomethane (24.2 g in 1 litre). 

Stock solution B: 0.2 mol/litre HCl. 

50 ml of A +x ml of B, diluted to a total of 200 ml 


¥ pH 

5.0 9.0 

8.1 8.8 
13.2 8.6 
16.5 8.4 
21.9 8.2 
26.8 8.0 
32.5 7.8 
38.4 7.6 
41.4 7.4, 
44.2 7.2 


Boric acid—borax buffer 


Stock solution A: 0.2 mol/litre solution of boric 
acid (12.4 g in 1 litre). 

Stock solution B: 0.05 mol/litre solution of borax 
(19.05 g in 1 litre; 0.2 mol/litre in terms of sodium 


borate). 
50 ml of A +x m] of B, diluted to a total of 200 ml 
x pH 
2.0 7.6 
3.1 7.8 
4.9 8.0 
7.3 8.2 
11.5 8.4 
175 8.6 
30.0 8.8 
59.0 9.0 
115.0 9.2 


Bicarbonate—CO, buffer 


The pH of these buffers is markedly dependent on 
temperature. The followimg examples are for a 
temperature of 37°C. 


Concentration of pH of buffer when 


NaHCO, concentration of CQ, in 
gaseous phase is 

| 5% 10% 20% 

0.02 mol/litre 7.4 tl 6.8 

0.05 mol/litre 7.8 f he. | 7.2 
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Carbonate—bicarbonate buffer 


Stock solution A; 0.2 mol/litre solution of anhydrous 
sodium carbonate (21.2 g in 1 litre). 

Stock solution B: 0.2 mol/litre solution of sodium 
bicarbonate (16.8 g in 1 litre), 

xml of A + ml of B, diluted to a total of 200 ml 


x y pH 
4.0 46.0 9.2 
9.5 40.5 9.4 
16.0 34.0 9.6 
22.0 28.0 9.8 
ats 22.5 10.0 
33.0 17.0 10.2 
38.5 11.5 10.4 
42.5 7.5 10.6 


‘Good’ buffers 


Before 1966 it was difficult to find a suitable buffer 
for the biological range of pH 6—8. Those available 
suffered several drawbacks, especially if used in cell- 
free systems. Phosphate buffer often causes pre- 
cipitation of polyvalent cations. It is a metabolite 
or inhibitor of many biological systems and is a poor 
buffer above pH 7.5. Tris (hydroxymethyl) amino- 
methane (Tris) is a poor buffer below pH 7.5 and 
is often inhibitory. In 1966 Good et al described a 
series of hydrogen-ion buffers which covered the 
‘biological’ range with pKa values of 6-8. Most were 
zwitterionic N-substituted amino acids. In designing 


‘these buffers, such properties as maximum solubility 


in water, inability to form complexes with biological 
materials, having minimal salt effects and being both 
stable and chemically inert were considered as im- 
portant as their buffering capacity. Of these buffers 
N-hydroxyethylpiperazine-N-ethanesulphonic acid 
(HEPES) has proved the most popular. Others are 
now available and are readily obtained (e.g. from 
Sigma). The ‘Good’ buffers as they are commonly 
referred to are superseding the more traditional 
buffers listed above. They should be the buffers of 
choice in any studies involving cell-free systems and 
tissue culture work. Zwitterionic buffers are usually 
used at concentrations of between 10 and 100 mmol/ 
litre. Adjustment of the pH is by HC] or NaOH of 
equal concentration. At the lower concentrations 
the salt effect of these buffers is negligible. For further 
details see Ferguson et al (1980). 


Ready-made buffers 


It is now possible to buy the more commonly used 
buffers as ready-to-use solutions or as tablets or 


sachets which are dissolved in water. Although r much 
more expensive than making buffers in the labora- 
tory, they have the advantage of being quick to 
prepare and, more importantly, are of assured quality 
if obtained from a reputable supplier. 
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OXIDATION-REDUCTION (REDOX) 
POTENTIALS 





The oxidation-reduction conditions in a medium 
are very important in the growth of certain bacteria. 
Strict aerobes are able to grow only in the presence 
of dissolved oxygen while strict anaerobes require 
reducing conditions and hence the absence of dis- 
solved oxygen. This may be related to the metabolic 
character of the organism, a strict aerobe obtaining 
its energy and intermediates only through oxidation 
involving oxygen as the ultimate hydrogen acceptor, 
a strict anaerobe utilizing hydrogen acceptors other 
than oxygen, while a facultative anaerobe can act in 
both ways. However, strict anaerobes may actually 
be poisoned by the presence of oxygen, perhaps due 
to the production of toxic hydrogen peroxide which 
cannot be removed by catalase, or superoxide free 
radicals which cannot be removed by superoxide 
dismutase, or possibly due to the oxidation of certain 
essenual groupings in the organism, e.g. the sulphydryl 
groups of proteins. 

We may consider oxidizing agents as substances 
capable of taking up electrons and reducing agents 
as substances able to part with electrons. It is 
therefore possible to determine the intensity level of 
oxidizing or reducing conditions in a system by the 
net readiness of all the components in that system 
to take up, or part with, electrons. This ability is 
usually expressed as the oxidation—-reduction (redox) 
potential of the system. 

Redox potentials can be measured best by virtue 
of the fact that when an ‘unattackable’ electrode is 
immerséd in a solution, an electrical potential differ- 
ence is set up between the electrode and the solution, 
and the magnitude of this potential depends on 
the state of oxidation or reduction of the solution. 
This electrode potential (or, more shortly, Eh) can 
be measured in millivolts, and the more oxidized a 
system, the higher (or more positive) is the potential; 
in more reduced systems the potential is lower (or 
more negative). By measuring the electrode potential 
it is possible to determine and follow the reducing 
conditions in cultures at different periods and to 
grade different systems in order according to their 
state of oxidation or reduction. This measurement 
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Redox dye. 


at, a Redox potent at ga 7. 


Methylene blue eat aT. mV" 
Resazuin = , +42 mV 
~Phenosafranine . 252 mV 
‘Neutral .red . -325 mV 
Standard oxygen electrode ~ ne +810 mv EE peer aie 2 
| ‘Standard batts electrode 421 es a — ra = ths 





can usually be carried out by coupling up a poten- 
tiometer with an electrode pair of platinum electrode 
(the ‘unattackable’ electrode) dnd a standard calomel 
electrode. The redox potential can then be measured 
by the millivolt scale Provided on most commercial 
pH meters. 


Although the réliox potential ‘of a bacterial culture | 


may be measured accurately by electrical methods, 
an approximate idea‘iof the state of reduction may 
sometimes be obtained by adding various special 
dyes (oxidation—reduction indicators) and observing, 
- by the colour changes, how much they are reduced. 
Table 47.2 lists some redox indicators and the Eh 
at which they are fully reduced. 

It should be noted that in a growing culture of 
bacteria the Eh of the medium may: fall appreciably 
during the growth phase. It will depend on the 
starting Eh of the medium, the size of the inoculum, 
the change in pH, the degree of aeration and the 
growth rate. Strict anaerobes are unable to. grow 
unless the Eh is low enough. This can be achieved 
by pre-reducing the medium by boiling to drive off 


any dissolved oxygen. Also, reducing agents such as. 
thioglycollate or cysteine can be-added. (See Chs 6— 


and 30 for methods of cultivation of anaerobes.) 
For fuller discussion on redox potentials in micro- 
biology, see Jacob (1970). 
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WATER 





Tap water contains many impurities and is unsuit- 
able for the preparation of defined culture media, 
for chemical solutions and for many other uses in the 
laboratory. These impurities can largely be removed 
by distillation or deionization. 


Distilled water 


Distilled water is normally prepared in a commercial 


metal-lined still which will deliver it at the rate of. 
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1-250 litres/h, depending on size. However, for some 
purposes this water is insufficiently pure, and it may 
be necessary to use an all-glass distillation apparatus. 
It is often advisable to add a knife-point of potasstum 
permanganate and a few pellets of sodium hydroxide 
to the tap water before commencing distillation in 
order to oxidize steam-volatile organic compounds 
which might otherwise be carried over into the distil- 
late. For some experimental methods such as tissue 
culture it may be necessary to repeat the distillation 
in a glass still to give double glass-distilled water. | 

It is useful to check the purity of distilled water 
at times by simple conductivity testers. Satisfactory 
distilled water should have a conductivity no greater 
than that given by 1.5 p.p.m. of NaCl, and preferably 
below | p.p.m. 


Deionized (demineralized) water 


Ion-exchange resins may be used to deionize water. 
A simple apparatus consists of an amion- and .a 
cation-exchanger in two columns of glass tubing 
about 2 m tall and 3 cm in diameter. Various resins 
are available for the purpose. Tap water or distilled 
water is passed over each of the resins in turn. The 
columns must be periodically regenerated by rinsing 
with 10% aqueous HCl. for the cation-exchanger 
and 10% aqueous NaOH for the anion-exchanger. 
After regeneration, the columns are rinsed with 
distilled water until the final product has a neutral 
reaction. Commercial deionizers are available, e.g. 
those supplied by Elga or Permutit, which have the 


advantage of being transportable and of requiring 


no external source of heat or electricity. Deionized 
water should be equivalent to double glass-distilled 
water and should have a very low conductivity. 
This should be checked periodically (see above). 
However, it may carry dissolved organic compounds 
derived from the resins. 


Reverse osmosis 


High purity water can now be produced by reverse 
osmosis apparatus. These can be stand-alone de- 
vices or combined with ion-exchange and filter car- 
tridges to produce ultra-pure water, e.g. the Milli-Q 
instrument from Millipore. 


FLUIDS FOR CELL SUSPENSION AND 
DILUTION. 


—a 


A range of fluids may be used for the suspension 
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of microorganisms, blood cells or tissue culture cells. 
These fluids should preserve, as far as possible, the 
cells in their original condition. The following points 
should be noted: 


1. They should have an osmotic pressure nearly 
isotonic with the cell to be suspended. This is 
particularly true of mammalian cells, e.g. red blood 
cells, where lysis readily occurs in non-isotonic media. 
Microorganisms are generally more resistant to 
changes in the external osmotic pressure, but sus- 
pension in water or very dilute salt solutions may 
cause loss of viability. 

2. Suspension fluids should preferably contain a 
buffer to keep the cells at their optimum pH. 

3. Certain ions may be necessary for the optimal 
maintenance of cells, particularly with mammalian 
cells. Moreover, they may be required for certain 
in-vitro reactions, e.g. agglutination, complement 
fixation, etc. In some cases a source of energy such 
as glucose may be required. 

4. Other additions may be made for specific 
purposes. The following suspensions and diluent 
fluids are commonly used. In all cases analytical 
grade reagents (when available) should be made up 
in distilled or deionized water. 


Physiological saline 


This is a solution of 0.85% NaCl in water. It 1s 
sometimes called normal saline, a term which should 
be discarded because of its chemical connotation. 
It is also often referred to simply as ‘saline’. The 
solution has an osmotic pressure roughly equivalent 
to that of mammalian blood serum and can therefore 
be used for the suspension of blood cells as well 
as for most microorganisms. However, the solution 
contains no buffer and it is recommended that 
phosphate-buffered saline be used as a general 
suspension fluid in the laboratory. 


Buffered salines 


As stated previously, it is preferable to have a buffer 
present in a suspending fluid or diluent. Various 
solutions containing NaCl but with a buffer added 
have been proposed. They should all have a final 
osmotic pressure roughly equivalent to that of 
physiological saline. A series of solutions can be 
prepared by diluting standard buffer solutions of the 
required pH with physiological saline to a strength 
of 0.01 mol/litre. If a greater buffering power is re- 
quired, the concentration of buffer must be increased 
and of saline decreased. 


The following types of buffered saline are recom- 
mended for various purposes: 


Phosphate-buffered saline 


NaCl 8 g/litre 
K,HPO, 1.21 g/litre 
KH,PO, 0.34 g/litre 


This solution gives a pH of about 7.3 and also 
provides potassium and phosphate ions. It is a very 
useful general diluent and suspending fluid. This 
saline can be obtained in tablet form (e.g. Oxoid 
BR14a). | 


Azide saline 


Sodium azide at a concentration of.0.08% is added 
to physiological saline or phosphate-buffered saline. 
The azide acts as a preservative preventing microbial 
decomposition and is often used for the dilution of 
serum, etc. 


Borate—calcium saline 


NaCl 8 g/litre 
CaCl, 1 g/litre 
HBO, 1.2 g/litre 


Na.B, O, . i 0H,O tt) . 0 52 g/litre 


This solution, pH c. 7.3, is used for haemag- 
glutination experiments where calcium is required 
and phosphate should be absent. 


Veronal—NaC! diluent 
NaCl 8.5 g/litre 


Barbitone (diethylbarbituric acid) 0.575 g/litre 
Sodium barbitone 0.2 g/litre 
MegCl,.6H,O 0.168 g/litre 
CaCl, 0.028 g/litre 


Make a stock solution (x5 conc.) by dissolving 
5.75 g barbitone in 500 ml hot distilled water. Add 
85 g NaCl and make up to c. 1400 ml. Dissolve 
2g sodium barbitone in 500 ml distilled water and 
add it to the NaCl-barbitone solution. Make up to 
2000 ml. Add 1.68 g MgCl,.6H,0 and 0.28 g CaCl). 
For use dilute 1 in 5 with distilled water. The pH 
is 7.1—7.2. 

As for phosphate-buffered saline, this is also 
available in tablet form. CFT diluent tablets, Oxoid 
BR16,.may be used for complement fixation tests and 
gives more reproducible results than physiological 
saline. If glass tubes are used for the reaction mix- 
tures, there may be absorption of complement on 
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to the glass. To reduce this, add 0.1% inactivated 
rabbit serum, 0.1% gelatin or 0.1% bovine serum 
albumin. 


Complex suspending media 


‘More complex media are required for the suspen- 


sion and dilution of microorganisms and other cells 
where optimum viability must be maintained, For 
example, in viable counts of many bacteria, physio- 
logical saline may be to some extent bactericidal 
and must be replaced by solutions containing other 
ions as well as a buffer. For these fluids, prepare 
solutions listed in Table 47.3, which are all isotonic 
with mammalian serum and can be mixed in any 
proportions. The mixtures, although of different 
composition, will remain isotonic. 

To simplify preparation and handling, the first 
five solutions can be made up in concentrations five 
times greater than those listed. They are stable for 
months when stored in the cold. 

The Krebs-Ringer solution seems to be the most 
generally useful for the suspension of mammalian 
cells and is also valuable for many bacteria, 

It is also possible to use a defined minimal medium 
for bacterial suspension; if growth is to be avoided, 
leave out the nitrogen source or the carbon and 
energy sources. 
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PREPARATION AND CLEANING OF 
GLASSWARE 





New glassware 


New glassware requires special attention because of 
the resistant spores which may be present in packing 
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material and also because it tends to give off free 
alkali which may be sufficient to interfere with the 
growth of certain organisms. Consequently it should 
be placed in 1% HCl overnight, washed in tap water 
and distilled or deionized water and autoclaved. 
Screw-capped bottles may be subjected to a special 
cleansing process by the makers whereby surface 


alkali is removed, and the above treatment is un- 


necessary. ‘The bottles may then be used without 


further treatment, as received from the manufacturers, 


Cleaning of glassware (including tissue - 
culture glassware) for laboratory use 


Much glassware is now supplied sterile and is in- 
tended to be disposable. However, all contaminated 
re-usable glassware should ideally be autoclaved 
before cleaning. If this is not possible, glass con- 
tainers with discarded cultures can be placed in 
disinfectant (see Ch. 46) after use. Containers con- 


taminated with tubercle bacilli or spore-bearing 


Organisms such as Bacillus anthracis or Clostridium 


tetant must be autoclaved. The discarded cultures 


and their containers are then placed in a hot deter- 
gent solution and cleaned with a test-tube brush 
(or other suitable brush) and placed in a laboratory 
washing machine and treated as recommended by 
the manufacturers of the machine and the detergent, 
finally rinsing in deionized water. The glassware is 
then allowed to drain and is dried in a hot air oven 
or cabinet, Dry sterilize at 160°C for 3 h. 


Cleaning of glassware for biochemical 
work 


For most purposes cleaning in one of the modern 
detergents (e.g. Decon, Labdet, etc.) according to 





Tos ies 








Krebs-Ringer oi 


















Plain: 5 Bicarbonate” "Phosphate ae 
100°." 100 100.* = uy 
A ) x 4 ji f 40 * i 4 ut 7: Sine 
: ee Gas 8: 3 : 
Ss ee 1 , - 
ek aah ‘ : 
‘gon ial Seas : ; 


td 


At} 


ee ———— 


a 


a wee 





the manufacturer’s instructions is all that is necessary. 
Some workers, however, still prefer ‘chromic acid’ 
cleaning: 


1. Remove any grease with petroleum. Wash with 
warm tap water. 

2. Place in dichromate—sulphuric acid cleaning 
solution for 12-24 h. 

3. Remove and wash by rinsing in hot tap water 
at least four times and in distilled water twice. 

4. Dry in oven if the glassware is not used for 
accurate volumetric purposes. 


Dichromate—sulphuric acid cleaning solution 
(‘chromic acid’) | 

Dissolve 63 g of sodium (or potassium) dichromate 
by heating with 35 ml water. Cool and add concen- 
trated H,SO, to 1 litre. Technical grade reagents 
may be used. This fluid should be handled with care; 
preferably rubber gloves and an apron should be 
worn. If clothes or skin are splashed with the fluid, 
they should be immediately washed in water and 
any residual acid neutralized with sodium carbonate 
solution. This, in time, is washed off with water. 


Cieaning of pipettes 


1. If contaminated with infected material, place 
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the used pipette into a disinfectant solution and leave 
until convenient to wash. (The disinfectant solution 
is best contained in a rubber or plastic cylinder 
about 40 cm high and 10 cm in diameter. The points 
of the pipettes are otherwise liable to be broken when 
dropped to the bottom of the cylinder). 

2. Rinse in tap water. 

3. If necessary, steep overnight in detergent 
or dichromate-sulphuric acid cleaning fluid (see 
above). 

4. Wash with tap water followed by deionized 
water in an automatic pipette washer. 

5. Ifrequired, the top end of the pipette is plugged 
with cotton-wool; this is pressed entirely within the 
end of the pipette so that there are no protruding 
strands of cotton to prevent close fitting of a rubber 
teat or other pipette-filling device which may later 
be attached to operate the pipette. 

6. To sterilize the pipettes, pack them in alu- 
minium or copper cylinders with slip-on lids or in 
lengths of wide-bore glass tubing stoppered with 
cotton-wool. Place in a hot air oven at 160°C for 
3h, 

Note: Accurately calibrated volumetric glassware 
should never be heated in an oven, since the expan- 
sion and contraction of the glass makes the gra- 
duations inaccurate. Such glassware should be kept 
separate from that intended for sterilization. 


Singh R M M 1966 Hydrogen ion buffers for biological 
research. Biochemistry 5: 467-477 

Jacob H E 1970 Methods in microbiology, vol 2. London, 
Academic Press, p 91 
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CENTRIFUGES _ 


One of the best devices for the separation of micro- 
organisms from a suspending fluid is the centrifuge, 
which achieves the separation of two substances of 
different density by centrifugal force. 

The rate of settling r (cm/second) of spherical par- 
ticles of density dp and of radius a (cm) in a medium 
of viscosity 1 (cgs units) and of density dm is given 
by Stokes’ law: 


2a*g(dp — dm) 
r= ———_—_—_ 
on 


where gis the acceleration due to gravity (981 cm/s’). 

From this equation, it is evident that the rate of 
settling of a particle will be increased by the following 
factors: 


1. An increase in the size of the particle. ‘Thus, 
larger microorganisms like yeasts and fungi will 
sediment faster than bacteria which, in turn, will 
sediment faster than viruses. Note that the size of 
the particles is squared in the equation and thus an 
increase of the radius of the particles by a factor of 
2 will increase the rate of settling by a factor of 4. 

2. An increase in the difference between the density 
of the particles dp and that of the medium dm. ‘Thus a 
capsulate bacterium will have a lower average density 
and be more difficult to sediment than its non-capsu- 
late variant. 

3. A decrease in the viscosity of the medium, For 
example, when defibrinated blood is being washed 
the first sedimentation of the cells from the viscous 
serum takes much longer than when the cells are 
suspended in saline. 

4. An increase in the force due to gravity. ‘This 
force is increased artificially in the centrifuge. ‘The 
degree by which this force is increased is measured 
by the relative centrifugal force (RCF) which can be 
obtained by the following formula: 


RCF (in g) = 1.118 10° x Rx N’ 


where R = the radius of the centrifuge rotor in 
cm, being the distance from the centre of the 
centrifuge shaft to the tip of the centrifuge tube; 
N = revolutions/min (rev/min). 

From this equation, it is evident that the speed of 
the centrifuge, being squared, is very important in 
determining the rate of sedimentation. Although 
an increase in the radius of the machine will increase 
the rate of sedimentation, it is more efficient and 
simpler in practice to increase the speed. However, 
it is most important to express the efficiency of a 
centrifuge according to the maximum RCF rather 
than the speed itself, which, without specification of 
the radius of the centrifuge rotor, is meaningless. The 
calculation is simple. Thus, a centrifuge rotor with 
a radius of 10 cm and a speed of 4000 rev/min, has . 
an RCF of 1.118 x 10 x (4000)? x 10° = 1788 g, 
say 1800 times the force of gravity. Consequently, 
particles will sediment in this centrifuge at a rate 
1800 times faster than in a tube on the bench. 


Type of centrifuge 


The choice of a suitable model depends upon the 
following factors: 


1. The size of the particles to be sedimented. As 
shown above, the smaller the particle, the greater will 
be the RCF and time required for centrifugation. 
Machines can be obtained commercially with speeds 
up to about 75 000 rev/min and RCF’s of up to about 
500 000 g. To sediment smal] volumes of micro- 
organisms in an acceptable ume, an RCF of 2000 g 
is required for yeasts and fungi, 5000 g for bacteria 
and 150 000 g for viruses. If larger volumes are to 
be centrifuged, the RCF required would be 5000 g, 
20 000 g and 200 000 g respectively. 

2. The volume of material. Centrifuges can be 
obtained with capacities of up to at least 15 litres. 
The fluid to be centrifuged is contained in tubes or 
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buckets, the number and size of which are subject to 
wide variation. For very large amounts of material, 
continuous-flow machines are available. The fluid 
to be centrifuged is normally continuously passed 
along the inside of a rotating tube. The particles 
sediment very quickly in the thin layer of liquid pass- 
ing along the sides of the tube and the supernate 
passes out of the machine to be collected. Continu- 
ous-flow centrifuges (e.g. Sharples) of this type are 
common in industry, but are not often used in the 
laboratory because of aerosol problems. 

3. The temperature required for centrifugation. In 
most biological systems it is advantageous and often 
essential to centrifuge at low temperatures, This 
prevents metabolism, and loss of viability or enzyme 
activity during centrifugation. Consequently, refrig- 
eration units are built into many centrifuges. This 
is particularly important in high-speed centrifuges 
where the temperature may rise due to friction unless 
refrigeration is used. 


For a clinical bacteriology or virology laboratory, 
a small bench centrifuge taking 10-40 specimen 
containers of 5-30 ml capacity, with maximum RCF 
of about 5000 g is essential. These centrifuges and 
accessories should comply with the Howie safety 
recommendations (Ch. 3). For more general and 
research purposes, refrigerated centrifuges with a 
volume capacity of about 6 litres and a maximum 
RCF of about 50 000-70 000 g are available. Ultra- 
centrifuges with speeds ranging from 40 000- 
75 000 rev/min and RCFs of 100 000-500 000 g¢ are 
available for viruses and rickettsias, and for. sub- 
cellular fractions. These centrifuges must be refri- 
gerated, and the rotor chamber must be held im 
vacuo to reduce friction during a run. 


Types of rotor 


Horizontal swing-out rotors, In these rotors, the 
sample buckets swing freely from a vertical to a 
horizontal plane during rotation. Particulate matter 
moves horizontally through the suspending medium 
and pellets on the bottom of the container. This 
type of rotor is recommended in the Howie report for 
bacteriological work. Special sealed rotors or sealed 
buckets should be used for pathogens or specimens 
likely to contain pathogens. 

Fixed-angle rotors. The sample containers are 
maintained at a fixed angle of 20—45° during rotation. 
The advantage of these rotors is that sedimentation 
is quicker than in a horizontal rotor of similar maxi- 
mum diameter. This is because the smallest dia- 
meter, measured from the centre of the rotor to the 
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top of the sample, is greater than that on the equi- 
valent horizontal rotor. Particulate matter moves 
horizontally across the container, then slides down 
the side to pellet at the bottom. Centrifugation 
should be of sufficient duration to ensure complete 
pelleting of the material on the bottom of the tube. 
The smooth regular outline of fixed-angle rotors 
offers little resistance to air during rotation, so they 
can attain higher speeds and they are less liable to 
warm up by friction. A major disadvantage with 


_ this type of rotor is the possibility of aerosols, either 


during a run when there may be leakage between 
the container and cap, or on removing the cap after 
a run. The DuPont range of ‘Dry Spin’ bottles 
overcomes these problems. 

Vertical rotors. A specialized rotor is used for 
density gradient work (see below). The sample tubes 
are held in a vertical position during the run, and the 
rotor must be used on a centrifuge in which accele- 
ration and deceleration is carefully controlled. The 
major advantage over horizontal swing-out rotors is 
that lower speeds and shorter run times can be used. 

Continuous-flow rotors. "The method of separation 
is similar to that described for continuous-flow cen- 
trifuges. This type of rotor is not recommended in 
medical microbiology because of aerosol problems. 

All rotors require regular care and maintenance 
which should be done according to the manufacturers’ 
instructions. 


Types of tubes and bottles 


Glass, plastic, cellulose nitrate and stainless steel 
are the materials of choice. The use of glass culture 
tubes in centrifuges must be limited to low RCF 
(about 1000 g) and this is not recommended for 
bacteriological work. Glass 20-oz (c. 600 ml) bottles 
and toughened glass tubes can operate at higher 
RCF (about 4000 g and 4000-10 000 grespectively). 
Plastic containers are made in a variety of materials, 
¢.g. polycarbonate, polypropylene, polyesters, each 
with their own advantages of clarity, strength and 
chemical and heat resistance. These containers can 
withstand very high RCF, but often require to be 
completely filled and capped. Stainless steel tubes 
are inert, can be heat sterilized, and can withstand 
very high RCF. 


Method of using the centrifuge 


The modern centrifuge has many built-in safety fea- 
tures including out-of-balance detectors, lid inter- 
locks to prevent the lid being opened when the rotor 
is in motion, overspeed and overheating cut-out 
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devices, and sealed rotor and buckets to cope with 
potentially dangerous breakages. These features 
make it difficult to misuse the equipment, but it is 
still necessary to follow basic instructions: 


1. Tubes must be put in the centrifuge in pairs 
that have been accurately balanced and placed dia- 
metrically opposite each other. If there is an odd 
number of tubes, a balance tube containing water 


_ must be prepared. If the buckets are removable from 


the centrifuge, they should be balanced with the 
tubes. 

2. Before putting tubes into the buckets, make 
sure that cushions or sleeves are in position at the 
bottom of the buckets and free from debris, e.g. 
fragments of glass, otherwise breakages are liable to 
occur. 

3. After the tubes have been placed in position, 
make sure that the metal buckets in a swing-out 
head are properly seated and are free to swing, and 
that all buckets are in place, irrespective of the 
number actually being used. 

4. Close the lid and make sure it is secure. The 
lid must not be opened when the centrifuge is run- 
ning. Apart from the danger of an open lid, a decrease 
in speed due to ‘winding’ will ensue. 

5. Following the mianufacturer’s instructions, 
select the speed, time and temperature required. A 
gradual increase in speed is recommended if this 
is done manually. 

6. When the tubes have been centrifuged suffi- 
ciently, switch off the motor. Some centrifuges have 
an automatic timer switch. 

7, Allow the centrifuge to come to a stop. Never 
slow the rotating head with your hand as brake. This 
will tend to redisperse the centrifugate by turbulence 
and may cause serious injuries. Wait until the 
machine has stopped before attempting to remove 
the tubes. 

8. Periodic maintenance should be done according 
to the manufacturer’s instructions, 


Washing of bacteria and other ceils 


The cell suspension is centrifuged at a suitable speed 
and preferably at a low temperature. Microorganisms 
grown on a solid medium are first suspended in 
liquid by scraping the growth off the surface of the 
agar with a curved glass rod into a small volume of 
a suitable suspending fluid. (This suspension may 
be contaminated with lumps of agar which can be 
removed by filtration through cheesecloth.) The 
pellet of cells at the bottom of the centrifuge rube is 
resuspended and centrifuged. Repeat this washing 
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process One Or more times to free the cells from the 
original suspending medium. The cells are finally 
made up to the required volume in the required 
solution. 

For metabolic experiments, the cells are washed 
in a medium similar in composition to the culture 
medium but with one or more components omitted 
so that growth does not occur, The ‘washed suspen- 
sion’ so obtained is particularly suitable for experi- 
ments on catabolism; a substrate and buffer are 
added so that the breakdown of the substrate can 
be studied uncomplicated by growth processes or by 
the metabolism of other substrates. However, it must 
be realized that some activities ‘decay’ rapidly after, 
or during, the preparation of the washed suspension. 


Density-gradient centrifugation 


In normal centrifugation, the material being centri- 
fuged is forced to migrate though a homogeneous 
liquid medium. In density-gradient centnfugation, a 
gradient of a suitable solute, such as sucrose, caesium 
chloride, Ficoll or Percoll (Pharmacia), is made in 
the tube in such a way that the density increases 
with the distance from the axis of rotation. Such a 
gradient may be formed during the centnfugation 
process itself (with caesium chloride) or, more 
commonly, it is prepared by layering or by a gradient 
maker, 

Density-gradient centrifugation can be employed 
to analyse and separate subcellular particles or 
viruses, There are three main types of method. 

Stabilized moving-boundary centrifugation. By the 
use of a density gradient, the sedimentation constant 
of a substance can be determined with a prepara- 
tion centrifuge and a method analogous to classical 
analytical ultracentrifugation. The gradient is a 
shallow one and this stabilizes the boundary which 
might otherwise be destroyed by convection currents. 
The material to be centrifuged is distributed through- 
out the tube at the start of the experiment and, after 
centrifugation, the position. of the band or bands 
formed is found by separating and analysing fractions 
from the tube. 

Zonal centrifugation. In this method, a concen- 
trated preparation is layered on top of a fairly steep 
gradient in the tube prior to centrifugation. Each 
component in the preparation will then sediment 
at its own rate, forming bands or zones in the tube 
which are separated from each other by distances 
related to their sedimentation rates. In practice, the 
separation is mainly related to molecular size. After 
centrifugation, the components can be removed 
separately from the tube. 


847 


43 


PRACTICAL MEDICAL MICROBIOLOGY 





Isopycnic or equilibrium gradient centrifugation. In 
this method, a steep gradient is produced to encom- 
pass the entire density range of the particles being 
separated. The preparation is layered on top of 
the tube as in zonal centrifugation, or is distributed 
evenly throughout the gradient, and centrifugation 
is continued until the particles reach positions at 
which the density of the surrounding liquid is equal 
to their own. Thus, separation is based solely on 
density. 


PHOTOELECTRIC COLORIMETER AND 
SPECTROPHOTOMETER 


One of the simplest and most accurate methods of 
measuring the quantity of a microorganism depends 
upon a turbidity measurement, just as many of the 
quantitative micro-methods used in biochemistry 
depend upon the measurement of the depth of colour 
in a solution. For such measurements, a photo- 
electric colorimeter or spectrophotometer is more 
accurate than visual comparison It is also much 
quicker and avoids many personal factors such as 
eye fatigue or colour blindness. 

The theory of the instrument as a colorimeter 
depends upon the application of Beer’s law, which 
states that the extent of diminution in light intensity 
on passing through an absorbing material depends 
upon the nature and concentration of the absorbing 
material and upon the length of the light path. This 
can be expressed as follows: 


log - = acl 


where J is the intensity of the beam after passing 
through the solution, J, is the incident intensity, 
ais the extinction coefficient depending upon the 
particular chromogen, ¢ is the concentration of the 
chromogen and / is the length of the light path 
through the solution. 

It is possible, therefore, to determine the con- 
centration of a substance by measuring the ratio I)// 
in a vessel of standard dimensions. In photoelectric 
colorimeters and spectrophotometers, light intensity 
is measured by photoelectric response which can be 
made directly proportional to the quantity of light 
falling on the photoelectric cell. 

A range of colorimeters and spectrophotometers is 
available. There are single and double beam models 
with visible and/or UV light sources. Different 
wavelengths of light are produced by coloured filters 
or, in spectrophotometers, by a diffraction grating. 
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Automatic scanning is available in some instru- 
ments. Most modern instruments utilize standard 
10 mm path-length cuvettes, but tubes can be used 
in some instruments. Directions for the use of a 
particular machine are supplied by the makers. In 
all cases a blank solution is used in which the 
chromogen would be dissolved. A calibration curve 
should be constructed for the instrument (log /)//) 
against known amounts of chromogen. If Beer’s law 
is obeyed, a straight line is obtained. Readings for 
test samples are compared with the plot. | 

The use of such instruments for turbidimetric 
measurements of bacterial numbers is considered 
later in this chapter. 
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COUNTING BACTERIA AND 
MEASURING BACTERIAL GROWTH 


The methods used for determining the amount of 
a microorganism present in a suspension depends 
upon the kind of information required. In particular, 
since no constant relation exists between the ratio 
of increase in protoplasmic mass to rate of multi- 
plication, it 1s necessary to distinguish clearly be- 
tween methods which measure multiplication (e.g. 
total count) and those which measure growth or mass 
(e.g. total nitrogen content, dry weight, etc.).’ 
Because of variations in average cell size, bacterial 
counts do not bear a constant relationship to the 
amount of the protoplasmic growth. ‘he amount of 
protoplasm 1s better gauged by an opacity measure- 
ment, or weighing, or by a total nitrogen estimation. 


_A detailed description of methods to determine 


viability in cultures is given by Postgate (1969). 

An evaluation of the methods that may be used 
to measure growth by physical and chemical means 
is given by Malette (1969). 


Total count 


A total count of the living and dead bacteria in a 
liquid culture or suspension is made microscopically 
with a slide counting chamber. A suitable chamber 
(e.g. Hawksley, from Gallenkamp) consists of a thin 
glass slide with a flat circular platform depressed 
exactly 0.02 mm below the surface and surrounded 
by a deeper ‘trench’. An area of 1 mm’ on the plat- 
form is marked with a Thoma-type grating of engraved 
lines into 400 small squares (each 0.0025 mm’). 
The chamber is closed with a thick, optically-plane 
cover-slip. When the space between platform and 
cover-slip is filled with a bacterial suspension, the 


———— ee 








‘eo 





CENTRIFUGES, COLORIMETERS, BACTERIAL COUNTS 45 


volume over each small square is 0.02 x 0.0025 mm’, , 
i.e. 0.000 000 05 ml. The average number of bacteria/ 


square is calculated from counts made in sufficient 
squares (e.g. 100) to yield a significant total number 
of bacteria (e.g. 100-1000, preferably over 300). 
Counts are best made in preparations having be- 
tween 2 and 10 bacteria/square (i.e. 40-200 million/ 
ml). For bacteria occurring in pairs, chains or 
clusters, an ‘individual cell count’ may be made of 
all the cells, or a ‘group count’ of the groups plus any 
isolated single cells. 
The procedure for a total count is as follows: 


1. Fix the bacterial suspension by adding 2-3 
drops of 40% formaldehyde/10 ml. Mix thoroughly. 
If the suspension is too dense, prepare a measured 
dilution in the range 4—20 x 10’ bacteria/ml. 

2. Wash, rinse, drain and dry the counting chamber 
and cover-slip. Keep them covered until use, free 
from dust. . 

3, Place a small drop or loopful of the suspension 
on the centre of the chamber platform and apply the 
cover-slip. The size of the drop must be such that 
it will fill the space between platform and cover-slip, 
yet not extend across the ‘trench’ to float the cover- 
slip from the slide. The cover-slip must be applied 
closely and evenly; it is pressed down until coloured 
‘Newton’s rings’ are seen uniformly distributed over 
the areas of contact. 

4, Examine the preparation with a phase-contrast 
microscope, using the high-power dry objective; 
this shows the unstained bacteria clearly and allows 
their distinction from detritus. Alternatively, a dark- 
ground microscope may be used, or an ordinary 
microscope with the iris diaphragm closed or the 
condenser slightly defocused; it may then be helpful 
to stain the bacteria by prior addition of freshly 
filtered methylene blue to a concentration of 0.1%. 

5. Count the bacteria in a sufficient number of 
squares to obtain a total of several hundred bacteria, 
selecting the squares in a pre-arranged pattern (e.g. 
all in every fifth row). Focus at different levels for 
the bacteria that have not settled; most settle on the 
platform in 5 or 10 min, but some adhere to the 
cover-slip and a few remain in suspension. 

6. Calculate the average number of bacteria/ 
square. Multiply this by 2 x 10’ and by the dilution 
factor, if any, to obtain the count/m! in the original 
suspension. Count two further preparations of the 
same suspension and, unless they are discordant, 
take an average of the three results. 


If the original suspension contains much less than 
4 x 10’ bacteria/ml, a haemocytometer with a 
0,1 mm chamber depth may be used so as to obtain a 


significant count in fewer squares. Unstained bacteria 
are counted with a long-focus phase-contrast micro- 
scope, or if an ordinary microscope is used, the 
bacteria are stained. The preparation is left for 
20 min in a moist chamber before counting so that 
most bacteria may settle on the platform. 

Total counts may be done automatically with the 
Coulter counter (see Kubitschek 1969). 


Viable count 


Pour-plate method 


The number of living bacteria or groups of bacteria 
in a liquid culture or suspension is counted by a 
cultural method such as the pour-plate method. A 
measured amount of the suspension is mixed with 
molten agar medium in a Petri dish. After setting and 
incubation, the number of colonies is counted. As 
a compromise between sampling and overcrowding 
errors, counts of pure cultures should be made on 
plates inoculated to yield between 50 and 500 colonies 
(ideally 200-400). 


1. Prepare serial 10-fold dilutions of the bacterial 
suspension over a range ensuring that one dilution 
will contain between 50 and 500 viable bacteria/ml. 
Suitable diluents include buffered saline or balanced 
salt solution, with or without added material to 
protect the organisms (e.g. nutrient broth diluted to 
20% of normal strength). Pipette 9 ml amounts of 
diluent into each of several (6-9) sterile test tubes. 
Mix uniformly the bacterial suspension (vigorous 
shaking may disrupt cell groups and increase the 
viable count). With a sterile 1 ml delivering pipette, 
transfer 1.0 ml suspension into the first tube of 
diluent; fill and empty the pipette with suspension 
several times before withdrawing from the original 
container; remove any excess drop from the outside 
of the pipette and then slowly deliver its contents 
into the tube of diluent, touching the wall of the 
tube but not dipping into the diluent. With a fresh 
sterile 1 ml pipette, mix the first dilution by filling 
and emptying several times, and then transfer 1 ml 
into the next tube of diluent. Make the remaining 
dilutions in the same way, using a fresh pipette for 
each. . 

When counting anaerobic bacteria it 1s necessary 
to exclude air. Diluents should be treated to remove 
dissolved air prior to use; it may be advantageous 
to use diluents with added non-toxic reducing agents 
(see Ch. 30). Pipetting should be done carefully 
to avoid aeration. If possible the whole procedure 
should be done in an anaerobic chamber. 
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2. Starting with the greatest dilution, pipette | ml 
amounts of each dilution into each of three 9 cm 
Petri dishes. Then pour into each dish about 10 ml 
of clear nutrient agar, melted and cooled to 45—50°C. 
At once mix by rapidly moving the plate, while flat 
on the bench, in a combination of side-to-side and 
circular movements in different directions; continue 
‘for about 10 seconds, taking care not to spill any 
of the contents. Allow the agar to set and incubate 
inverted for 2 days at 37°C, or as most suitable for 
the species examined. 

3. Count the colonies in the three plates that 
were seeded with the dilution giving between 50 and 
500 colonies/plate. Multiply the average number/ 
plate by the dilution factor to obtain the viable 
count/ml in the original suspension. 


Surface viable count by spreading method 


A surface viable count is made when the bacterium 
is best grown in surface culture or on an opaque 
medium. Prior to inoculation, the plate of medium 
is dried for at least 2 h at 37°C or 10-15 min at 50°C 
with the lid ajar; it should then be able to absorb 
all the water of the inoculum within about 15 min, 
i.e. before the bacteria can multiply. Ten-fold 
dilutions of the bacterial suspension are made as for 
the pour-plate method. A suitable volume of each 
dilution, e.g. 0.02-0.1 ml, is pipetted on to the 
surface of each of three plates and at once spread 
widely with a sterile glass spreader. The viable count 
is calculated from the average colony count/plate. 


Surface viable count by Miles & Misra method 


Alternatively, by the method of Miles et al (1938), 
the inoculum is deposited as drops from a calibrated 
dropping pipette. Each drop, 0.02 ml in volume, is 
allowed to fall from a height of 2.5 cm on to the 
medium, where it spreads over an area of 1.5~2 cm 
diameter. Each of five plates receives one drop of 
each dilution in separate numbered sectors, or sepa- 
rate plates may receive the five drops of a dilution. 
Counts are made in the drop areas showing the 
largest number of colonies without confluence (up 
to 20 or more); the total of the five counts gives the 
viable count/0.1 ml of the dilution, 


Methods of measuring growth 


Wet weight 


Amounts of culture are sometimes measured by wet 
weight. The moist surface growth on a solid medium 


850 





is scraped from the medium and weighed at once. 
However, such estimations are inaccurate because 
of the difficulty of evaluating the relative contri- 
butions of water wetting the bacterial surface and 
intracellular water. Further, in bacteria forming 
capsules and slime, the wet weight may greatly over- 
estimate the amount of protoplasm, since it includes 
the weight of these highly hydrated extracellular 
substances, 


Dry weight 


The weight of the dried solid matter of bacteria 
affords a better measure of their protoplasm. The 
cells from a known volume of culture are washed 
free from soluble salts, nutrients and waste products 
by centrifugation in distilled water. It is assumed 
that no lysis occurs during this process, and this is 
not an invariably valid assumption. The whole or a 
known proportion of the washed cells is placed in 
a weighed vessel and weighed again after drying to 
a constant weight by freeze-drying or heating in an 
oven, e.g. at 120°C for about 3h. Cool after each 
heating in a desiccator over P,O, and weigh quickly 
to prevent adsorption of water. 


Total nitrogen 


One of the most reliable and constant methods 
of measuring the amount of bacterial protoplasm 
for metabolic measurements is by estimation of the 
nitrogen present in the nitrogenous components of 
the cells, i.e. mainly proteins and nucleic acids (nitro- 
gen content about 16%). The cells from a known 
volume of culture are washed by centrifugation 
to free them from nitrogenous constituents of the 
medium and from extracellular excretion products. 
The total nitrogen of the cells is then estimated by 
the micro-Kjeldahl method. The cells are digested 
with sulphuric acid using a CuSO,—K,,SO,-selenium 
catalyst. The ammonia produced is removed after 
making the solution alkaline by steam distillation 
in a suitable still, e.g. a Markham still, trapped in 
2% boric acid and estimated either by titration 
or colorimetrically after the addition of a suitable 
reagent, e.g. Nessler reagent (see Dawson et a] 1969 
for fuller details). 


Turbidity 


The turbidity of a suspension is caused by the light 
scattered by particulate matter during its passage 
through the suspension. Accurate measurements 
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of turbidity, and hence bacterial growth, can be 
obtained in two ways: 


1. By measuring the amount of light scattered 
directly, a procedure occasionally called nephelometry. 
This 1s rarely used in practice. 

2. By measuring the light lost from the beam by 
scattering. Light absorption is assumed to be absent. 
This loss can be measured accurately in a photo- 
electric colorimeter or spectrophotometer where a 
relationship similar to Beer’s law applies. The ex- 
pression is the same as that given earlier in this 
chapter except that the term extinction coefficient is 
replaced by a constant called the turbidity coefficient, 
A standard plot can be made of log J)// against either 
the total nitrogen content, the dry weight or total 
count. The concentration factor applies mainly to 
protoplasmic mass as the size of the organisms as 
well as their number determines turbidity. 

The following points should be noted: 


1. The calibration curve applies only to a particular 
organism grown under a particular set of growth condi- 
tions. A new curve must be prepared if a change is 
made in either of these. It should be noted that 
the shape of an organism as well as its size will alter 
turbidity. Further, cells grown in a medium to give 
a high carbohydrate or fat content generally have 
a high turbidity/cell. 

2. Use a neutral or a blue filter. In a spectro- 
photometer use a wavelength of 540-600 nm. Light 
scattering increases very greatly as the wavelength 
decreases, although it is not advisable to use too 
low a wavelength since light absorption will become 
increasingly apparent. 

3. For the blank, use the suspending fluid. The 
growth medium can be used provided the absorption 
is not altered by growth of the organisms. If it is 
altered, the cells must be washed and resuspended 
in fresh solutions. 

4. At low concentrations, a linear calibration plot 
should be obtained, but at higher concentrations 
a considerable departure from a straight line will 
normally occur. High cell populations cannot be 
determined unless they are first diluted to a suitable 
range. 

5. The suspending fluid must be the same as that 
used for the preparation of the calibration curve. 


Turbidity estimations in this way are the easiest 
and the quickest way of calibrating a bacterial 
population and they are accurate for comparative 
studies provided the above points are borne in mind. 

An older method of measuring turbidity of bacter- 
ial suspensions was by comparing their opacity with 


that of standard tubes, e.g. Brown's opacity tubes, 
with the naked eye. It suffices when greater precision 
is not required. 


Simple opacity standards 


For use in identification tests, it is often necessary 
to prepare bacterial suspensions of approximately a 
standard concentration. The simplest method is to 
prepare a uniform suspension of a culture and adjust 
its concentration until, to the naked eye, it matches 
a chosen opacity standard. 

Standard suspensions of insoluble barium sulphate 
precipitates have been described by McFarland 
(1907) and Brown (1919-20). A series of standards 
of different BaSO, concentrations correspond to 
suspensions of different numbers of bacterial/ml. 
The BaSQ, may be suspended in water, in which 
case the standard must be shaken strongly to raise 
the deposit into uniform suspension just before use. 
Alternatively, the BaSO, may be prepared as a stable 
suspension in gelatin with a preservative. In either 
case, the standards must be contained in glass test 
tubes or ampoules which are sealed, preferably by 
fusion of their necks, to prevent concentration by 
evaporation during storage. 

Prepared standards are commercially available, e.g. 
McFarland Standards 0.5—5 from API (bioMérieux). 
The bacterial suspensions must be prepared in tubes 
with the same internal diameter as the standards, 
and if the former are different from the available 
commercial standards, the opacity standards may be 
prepared in the appropriate tubes in-house. 


Preparation of McFarland standards 


Label six test tubes of required diameter as standards 
0.5, 1, 2, 3, 4 and 5. In amounts (ml) shown in the 
table below, add a 1% solution of anhydrous barium 
chloride and a cold 1% (v/v) solution of pure sulphu- 
ric acid. Seal the tubes and keep in a refrigerator. 
Washington et al (1972) discuss the stability of the 
standards. 


— rr 


Table 48:1 "Preparation of McFarland standards, ra : 
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Standard BaCl, 1% H,SO,1% Corresponding bacterial 
tube no. (ml) (ml) concentration (millions/m|!) 





a 0.05 9.95 150 


0. 

1 0.1 9.9 300 

2 0.2 9.8 600 

3 0.3 9.7 900 | 
4 0.4 9.6 1200 | 
5 | 


0.5 9.6 1500 
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Use 


1. In a tube of the same internal diameter as 
the standard, prepare a uniform suspension in saline 


of bacteria under test to a density greater than that 
required. 

2. Select a standard opacity tube of the density 
tequired and shake it vigorously until all the deposit 
is raised into uniform suspension. 

3. At once compare the bacterial suspension with 
the standard. View with oblique illumination against 
a dark background or over a printed page. 

4. Adjust the bacterial suspension by dilution with 
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saline until it matches the standard, re-shaking the 
standard before each comparison. 


Interpretation 


The table shows the approximate number of 
bacteria/ml equivalent to the opacity standard, but 
the numbers: vary with the size of the bacteria. 
With yeasts, they would be only about 1/30 of those 
shown. The concentrations of bacteria of different 
species corresponding to Brown's standards 1-10 
are shown in the 12th edn, vol 2, of this book. 
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Quantification in microbiology 


F, Sheffield 





Measures and standards 


The microbiologist is obliged to make many meas- 
urements and comparisons in his routine and experi- 
mental work. At the simplest level, he is concerned 
with relative and absolute sizes of microscopically 
small objects. In some circumstances, it is quite suf- 
ficient to use relative terms and to relate the size of 
an observed bacterial rod in an exudate, for example, 
to the relatively ‘standard’ dimensions of a red blood 
cell observed in the same field. The fact that a red 
blood cell is subject to considerable variation in size 
depending upon osmotic factors, whereas a bacterial 
cell 1s rigid, is one of the reasons for regarding the 
red cel] as a very poor standard. When it is necessary 
to determine cell dimensions accurately, various 
methods that employ the light microscope, electron 
microscope or other special equipment are available. 

In this book, microscopical units of length are 
used. The micrometre (um) is one millionth part 
of a metre or a thousandth part of a millimetre 
(0.001 mm); the term micron for this measurement 
is now obsolete. One thousandth of 1 um was for- 
merly referred to as 1 millimicron (mp) but is now 
termed | nanometre (nm; 10° metre). The Angstrom 
unit (A; 107° metre) should not be used now and 
measurements in this range should be expressed in 
nanometres (10 A = Inm). Thus: metre (m), centi- 
metre (cm), millimetre (mm), micrometre (um), and 
nanometre (nm) respectively denote 1, 10~*, 107, 10°° 
and 10° metre. In general, the dimensions of proto- 
zoa, fungi and bacteria fall within the micrometre 
range and those of viruses are in the nanometre range. 

In addition to being concerned with cell dimen- 
sions, the microbiologist is greatly concerned with 
cell numbers. Although a considerable proportion 
of the observations made in his routine work appear 
to be essentially qualitative, there are many in which 
a quantitative element is inferred or actually speci- 
fied. For example, ‘a scanty growth of Escherichia coli’ 
isolated from a wound of the permmeum may be re- 
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garded as less significant than a pure profuse growth 
of that organism in these circumstances. It must be 
acknowledged that such measures as ‘profuse’ and 
‘scanty’ are subject to much observer bias. Much 
less subjective are the truly quantitative bacterio- 
logical procedures for enumeration of bacterial cells 
in counting chambers and estimation of viable organ- 
isms by colony counting. Methods such as these 
had early application in blood culture work and are 
now routinely used in the diagnosis of urinary tract 
infections, examination of sputa and the quality 
contro] of water supplies, milk and shellfish. 

The enumeration of cells in a counting chamber 
involves direct observation of the bacteria, but the 
estimation of viable cells defies such direct observa- 
tion and can be achieved only indirectly by arranging 
conditions in which each live cell in a preparation 
grows into a visible colony. Almost all of the mea- 
surements that microbiologists are required to make 
are of attributes that can be measured only indirectly 
and depend on the interaction of the entity that is 
to be measured with an indicator system. The indicator 
systems range from the simplest of culture media 
to the complexity of a whole living animal but in 
each case the measuring process may be undertaken 
in a rigorously quantitative manner and so comprise 
a biological assay, or bioassay. 

The use of indicator systems, especially hving 
indicator systems such as laboratory animals, is beset 
with technical difficulties. The outcome of every 
interaction between a biologically active substance 
and an indicator system depends not only on the 
activity of the substance but also on the responsive- 
ness of the indicator. A resistant indicator reacts 
only slightly or even not at all; a responsive or sus- 
ceptible one reacts strongly. ‘hus, because bacterio- 
logical culture media made in different laboratories, 
and mice challenged on different days, can never be 
exact replicas and thus react in exactly the same ways, 
it is never permissible to use such indicators in the 
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way that chemical reagents are used. Reliable quanti- 
tation can be achieved only by assays in which the 
activity of a test substance is compared under exactly 
comparable conditions with the corresponding 
activity of an appropriate standard substance. 

The standards needed for biological assays of 
materials of medical importance are held by the 
World Health Organization which, through. its Expert 
Committee on Biological Standardization, establishes 
each standard and gives to many an assigned potency 
stated in International Units (IU). Most standards 
are freeze-dried materials and thus it is usual for 
the IU to be defined as the activity present in a 
stated weight of the dry powder. However, as many 
standards have been filled into the ampoules very 
accurately and consistently, it is often more conven- 
ient for a worker to dissolve the entire contents 
of an ampoule in the knowledge that the ampoule 
contains an accurately defined number of units. 
WHO standards are held at various International 
Laboratories for Biological Standards but chiefly 
at: 


Statens Seruminstitut, 80 Amager Boulevard, 
DK-2300 Copenhagen S, Denmark; 

The National Institute for Biological Standards 
and Control, Blanche Lane, South Mimms, Potters 
Bar, Hertfordshire EN6 3QG, UK; 

The Central Veterinary Laboratory, New Haw, 
Weybridge KT 15 3NB, UK. 


International Standards are available to national 
laboratories for the purpose of establishing national 
standards; they are not available for routine use. 

International Reference Preparations serve the 
same purposes as Internationa) Standards but have 
usually been established after less thorough study 
than that devoted to standards. National Standards 
are available in many countries and are available in 
Britain from the National Institute for Biological 
Standards and Control and from the Central 
Veterinary Laboratory. 


Distribution, mean and error 


The repetition of an assay, particularly a biological 
assay, seldom provides a result that is exactly the 
same as that obtained in an earlier assay of the same 
material. However, if the same material is assayed 
many times the same result is likely to be obtained 
more than once and histograms can be drawn to 
show the numbers of results that fall into each of 
the intervals of an appropriately chosen series, Such 
histograms may be drawn using either the observed 
results or a transformation of them, for example, the 
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logarithms of the results. When the observed results 
approximate to a symmetrical histogram as in Figure 
49,1 they are said to be normally distributed; when 
the logarithms of the results approximate to a sym- 
metrical histogram the results are said to be log 
normally distributed. When a very large number of 
results is available the intervals can be very small 
and their peaks then form the continuous curve 
shaped like a vertical section through a bell which 
is superumposed on the histogram in Figure 49.1. 
Normal distributions have been found for attributes 
such as height and body weight and log normal dis- 
tributions for the results of repeated assays of the 
same biological substance and for attributes such as 
antitoxin levels in large collections of sera. 

An important feature of normal and log-normal 
distributions is that both are wholly defined by only 
two values, the mean and the standard deviation. 
The mean is simply the average of all the results and 
the standard deviation is a measure of the dispersion 
of the individual results around. the mean. In a 
normal distribution the mean (X) is the arithmetic 
mean of the results and the standard deviation (s) is 
additive; in a Jog normal distribution the mean is 
the geometric mean of the results and the standard 
deviation is multiplicative. In both distributions 
results that are clustered closely around the mean 
give rise to’ small values for the standard deviation 
and narrow, sharply pointed curves; results that are 
widely dispersed give rise to large values and widely 
spread, flattened curves. 

The area under the curve of a normal or log normal 
distribution represents 100% of all the results that 
may be observed and so the area under any part of 
the curve defined by two points on the abscissa 
represents the percentage of results likely to fall in 
the range between the two points. Regardless of the 
value of the standard deviation, approximately 34% 
of values fall berween ¥ and x + s and 13.5% be- 
tween X+ s andx+ 2s. Only 2.5% of results, as Figure 
49.1 shows, exceed X + 2s. ‘Thus, since the curve 
is symmetrical, 5% of results differ from the mean 
by more than 2s, or the odds against a result that 
differs from the mean by more than two standard 
deviations are 19 to l. 

When it is possible to measure an attribute of every 
member of a defined population, for example the 
heights of pupils in a particular school, it 1s possible 
to calculate both a true mean and a true standard 
deviation. In biological assays however, It is more 
usual for data to consist either of results from a 
sample of a population rather than from an entire 
population, or from a finite number of assays of a 
particular substance which could, were there enough 
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Fig. 49.1 The left side of the diagram shows how a large number of observed values presented as a histogram tends to 


Cefine the curve of a normal, or log normal, distribution. The 


values between x and X + s, between x + s and k + 2s and gr 


observations have vatues between & and #— Ss, between x — 


of it, be assayed an infinite number of times. Absolute 
values for the mean and standard deviation are 
therefore unobtainable, but meaningful estimates 
can usually be calculated from even very limited 
data. 

Table 49.1 shows in column | the estimates in 
[U/ml of 12 assays of a human tetanus immuno- 
globulin. Histograms drawn using the observed 
values and their logarithms do not give a clear indi- 
cation of whether the values are distributed normally 
or log normally but, as there is a good deal of externa! 
evidence suggesting that such values are log normally 
distributed, the mean and the standard deviation 
are calculated on this assumption, Thus, whereas in 
the case of a normal distribution the observed esti- 
mates would be used for the calculations, in the 
case of a log normal distribution the calculations 
are a little more complex in that the logarithms of 
the estimates are used. Column 2 therefore shows 
the logarithms of the estimates together with their 
sum, mean and the anti-logarithm of the log mean 
which is the geometric mean titre of the 12 pre- 


right side shows the percentages of observations with 
eater than x + 2s. Corresponding percentages of 
S and X— 2s and less than k— 2s. 


parations in IU/ml. Column 3 gives the deviations 
of the logarithm of each value from the logarithm 
of the mean. Column 4 gives the squares of these 
deviations, the sum of the squares, the variance (s?) of 
the log values which is obtained by dividing the 
sum of squares by one less than the number of 
observations (12-1) and the standard deviation (s) 
which is obtained by taking the square root of the 
variance. The mean + twice the standard deviation 
provides values of 2.439 and 2.335, the anti- 
logarithms of which are 275 and 216 IU/ml. These 
values which may be expected to encompass 95% 
of all results comfortably encompass all 12 results 
given in the first column. 

Although the mean derived from the 12 individual! 
estimates is the most reliable estimate of potency 
that is calculable from the data, it is nonetheless 
subject to the sampling errors of the estimates from 
which it is derived. The extent of this error can be 
found by dividing the standard deviation of the 
individual estimates by the square root of the number 
of estimates: 
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0.026 
O026 = 0.0075 
V12 
and it is known as the standard error of the mean 


(S.E.M.) 

As the standard error of the mean defines the distri- 
bution of means, in this case of means derived from 
12 estimates, in much the same way as the standard 
deviation defines the distribution of estimates, 95°% 
of means can be expected to lie within +2 standard 
errors of the mean. Knowing this to be the case it is 
reasonable to suppose that the true but unknowable 
potency lies within this range, i.e. between ‘235 
and 252 IU/ml. Although by increasing the number 
of assays it is possible to narrow the range of two 
standard errors on either side of the mean, a result 
such as that given here is sufficiently precise for 
most purposes. 

Useful as the standard error of the mean is as a 
measure of the range within which a true potency 
may be expected to lie, its much greater importance 
is its role in the statistical tests that evaluate the 
significance of the difference between two means 
derived from sets of test subjects treated in different 
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ways. The \detations are not difficult and may be 
found in textbooks of statistics such as that by Bailey 
(1959), Parker (1991), Finney (1978) and Swinscow 
(1980). 


Estimations of live microorganisms in 
vitro 


The counting of microorganisms is fundamental 
to quantitative microbiology; the many procedures 
devised for this purpose attest to the need and to the 
difficulties. 


Bacterial counts 


The number of bacteria in a culture or suspension 
can be estimated either by direct counting of the 
organisms in a Helber chamber or by means of a 
Coulter counter or, indirectly, from measurements 
of opacity or light scattering that have been related 
to direct counts. All such methods provide estimates 
of the total count but give no indication of the pro- 
portion of live organisms, which may be very small. 
Estimates of the numbers of live bacteria in a prepa- 
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ration, especially if it is a concentrated suspension, 
may be derived from estimations of oxygen uptake 
and ATP content, but are obtained more usually by 
viable counts as described in detail in Chapter 48. 


Virus infectivity titrations 


Estimation of the number ofive (infectious) particles 
in a virus preparation is more complex than the 
estimation of live bacteria because of the need for 
a living indicator system. Such a systern is provided 
by cell cultures in which a single infectious virus 
particle can adsorb to a cell, replicate and cause a 
readily visible cytopathic effect (CPE). Serial dilu- 
tions of the virus preparation are made and each 
dilution is allocated to a row of wells in a microtitre 
plate in which cell cultures have been established. 
Small constant volumes of the dilutions are added to 
each well in the row to which each dilution is allo- 
cated and the trays are incubated for several days. 
Each well is then examined for cells showing a CPE 
that indicates virus infection. The dilution of the 
preparation that would cause a CPE in exactly 50% 
of the wells is then calculated from the replicates 
by procedures such as those described by Armitage 
& Allen (1950). The dilution is the number of 50% 
cell culture infective doses (CCID50) in the virus 
preparation used in the assay. 

When large numbers of estimates of CCID50 are 
to be made, automated titration methods are attrac- 
tive. In such systems the dilutions of the virus prepa- 
ration are made in smali volumes in the wells of 
the microtitre trays and the indicator cells are added 
afterwards. In wells in which there is virus, the cells 
are destroyed by infection, but in wells without virus, 
the cells fall to the bottom and grow into healthy 
monolayers. Staining of the trays after incubation 
makes it possible for the difference to be read auto- 
matically by a photometric tray reader that feeds a 
computer which instantly calculates the titre of the 
suspension. 

An alternative method of estimating infective virus 
is that of the plaque count. In this method, aliquots 
of serial dilutions of a test suspension of the virus 
are placed on relatively large cell culture monolayers, 
usually in wells in a plastic tray, and time is allowed 
for the virus to attach to the cells. A thin layer of 
agar is then poured over the cells and the cultures 
are incubated. Virus replicates within infected cells, 
spreads to adjacent cells, and causes small areas of 
CPE known as plaques. Staining of the monolayer 
with carbo! fuchsin or Coomassie blue usually makes 
the plaques very clear. At one dilution at least the 
plaques are numerous but sufficiently discrete to 
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be counted; the number multiplied by the dilution 
factor defines the number of plaque-forming units 
(p.fu.) in the test preparation. One CCID50 1s 
roughly equivalent to 0.7 p.f.u. 


_Estimations of inactivated preparations 


in vitro 


The inactivation of bacteria, bacterial toxins and 
viruses by heat or disinfectants is often necessary to 
make microbial preparations safe for incorporation 
into reagents and vaccines, but it inevitably precludes 
the subsequent use of assay procedures dependent 
on microbial growth or toxicity. Assays based on 
visible reactions with homologous antibody or anti- 
toxin, however, provide very precise estimates of the 
concentrations of certain inactivated microbial ant- 
gens. Important among such procedures are the 
precipitin (flocculation) reaction and the single radial 


_ diffusion test. (For discussion of the principles of 


immunological tests, see also Ch. 9), 


The precipitin reaction 


Precipitin (flocculation) reactions depend on the 
union of antigen and antibody in solution to form 
visible aggregates. Such reactions occur particularly 
readily with diphtheria and tetanus toxoids and their 
homologous antitoxins, but only when these sub- 
stances are mixed at relatively high concentrations. 
An excellent description of the phenomena is 
provided by Boyd (1956). 

The precipitin reaction is best performed in small 
narrow tubes held in a rack in a glass-sided water- 
bath maintained at a constant temperature in the 
range 40-56°C. In the Ramon procedure, serial 
dilutions of a standard flocculating horse antitoxin 
calibrated in units known as Lf equivalents are made 
in 5 or 10% steps in the tubes. A constant volume of 
toxoid, or toxin, is then added to each tube, the total 
volume being arranged to be about 2 ml. The tubes 
are placed in the rack and the rack fixed in the water- 
bath so that only the lowermost quarter of each tube 
is immersed. Warming of the bottom of each tube 
and cooling above ensures constant mixing by con- 
vection. This speeds the formation of the antigen- 
antibody floccules which can be observed through 
the glass and water without removing the tubes from 
the bath. 

The time taken for floccules to appear depends 
on mixing, temperature,’ and the concentrations of 
the reagents, but it always occurs first in the tube that 
contains antigen and antitoxin in optimum proportions. 
Thereafter, precipitation occurs in the adjacent 
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tubes and slowly extends into the tubes at the ex- 
tremes of the antitoxin dilution series. In the tube 
that contains antigen and antitoxin in optimal pro- 
portions the number of flocculation equivalents of 
antitoxin and the amount of antigen expressed in 
terms of Lf (Limes flocculationis = flocculation thresh- 
old) are equivalent, and thus the antigen content of 
the preparation may be expressed in conventional 
Lf units. Quantitative precipitin reactions are little 
used today in diagnostic microbiology but are impor- 
tant in the regulation of the amounts of the diphtheria 
and tetanus toxoids incorporated into vaccines. 


Single radial diffusion 


Many immunological methods depend on the ability 
of soluble antigens to diffuse through agar gels. 
For single radial diffusion a procedure based on the 
method of Mancini et al (1965) is used. In this 
method the gels are usually made with 1% agarose 
but before the liquid gel is poured on to slides a small 
amount of antibody is added. Wells are punched into 
the solidified gels and serial dilutions of the antigen 
to be assayed are pipetted into them. In parallel tests 
with the same gels, serial dilutions of a standard 
antigen are similarly processed. The trays are stored 
in a humid box for | or 2 days and then examined 
for zones of antigen-antibody precipitation around 
the wells. As the squares of the diameters of the 
zones are proportional to the concentrations of the 
antigens in the wells, the potency of the test antigen 
in terms of the standard can be readily determined. 
If there is difficulty in identifying the edge of a 
zone a sharp demarcation can often be obtained by 
staining with Coomassie blue. 


Antibody assays in vitro 


The introduction of in-vitro assays of antibodies to 
bacteria, bacterial toxins and components, and to 
viruses, not only reduced the cost of such assays 
but also provided results much more quickly. Of 
the many methods that are now available the most 
important are radioimmunoassay (RIA), enzyme 
linked immunosorbent assay (ELISA), the biotin- 
streptavidin system, and virus neutralization tests in 
cell cultures. 


Radioimmunoassay (RIA) 


The versatile technique of radioimmunoassay has 
been impressively deployed in microbiology; an 
example is the estimation of antibodies in human sera 
to pneumococcal polysaccharides. Serial dilutions of 
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a reference serum are made and mixed with an excess 
of a radioactive preparation of the polysaccharide of 
interest. The antigen-antibody complexes that form 
are precipitated with (NH,).SO,, washed, counted 
and assayed for nitrogen, and a curve is drawn relat- 
ing count to nitrogen content. Test sera appropriately 
diluted are mixed with quantities of labelled antigen 
similar to that used to construct the curve and the 
complexes are similarly precipitated, washed, and 
counted. The count from each test serum is related 
to antibody nitrogen by reference to the curve ob- 
tained with the reference serum and the antibody 
content of the test sera expressed in ng of antibody 
N/ml. The constraints associated with the safe pre- 
paration, use and disposal of radioactive reagents 
now militate against the use of RIAs when other 
assay methods are available. 


Enzyme linked immunosorbent assay (ELISA) 


ELISA of anubodies relies on the ability of many 
antigens to bind to polystyrene. In this method, de- 
scribed in detail by Voller et al (1977), the wells of 
a microtitre tray are first filled with a dilute solution 
of the appropriate antigen and time is allowed for 
the antigen to bind to the polystyrene before any 
excess 1s washed away. Serial dilutions of a standard 
and of test antisera are then added to the wells and 
tume is allowed for antibody to bind to the fixed 
antigen. Excess is again washed away. Next a small 
amount of antibody, usually prepared in a rabbit 
or goat, and directed against the globulins of the 
standard and test sera is added. This antibody, prior 
to use, is linked to an enzyme such as alkaline phos- 
phatase or horseradish peroxidase and so the enzyme 
also is linked to the standard and test sera fixed in 
the wells. Excess of this antibody is then washed 
away and a small amount of a substrate that changes 
colour under the influence of the enzyme is added. 
The rate of colour development depends on the 
amount of enzyme present in a well; this depends on 
the amount of antibody to which it is linked, which 
in turn depends on the amounts of standard and 
test antibody that were available for binding to the 
antigen. A calibration curve in which the dilutions 
of the standard antiserum are related to the intensity 
of colour development is prepared and the potencies 
of test antisera are determined by comparisons 
with that curve. Many variants of the ELISA have 
been devised and among these are the use of capture 
antibody in the wells to immobilize antigens that 
stick poorly to plastic, competitive ELISA, and the 
use of different enzyme-substrate pairs. Many 
variants are available from manufacturers In the 
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form of kits for the serological diagnosis of infections 
such as hepatitis B and HIV I and II. 


The biotin—-streptavidin system 


An assay method which is similar in concept to 
ELISA is the biotin—streptavidin system. In this 
system the detector antibody is linked via a spacer 
arm to the vitamin, biotin. When streptavidin, 
labelled with an enzyme, a fluor or '*°I, is added it 
binds to the biotin irreversibly. The label on the 
bound streptavidin is then measured by conventional 
methods. Amplification of the signal provided by 
a label can be achieved by exploiting all of the four 
binding sites for biotin on each streptavidin molecule. 
Unlabelled streptavidin is used to form a bridge 
between each molecule of biotin linked to a detector 
antibody and three molecules of labelled biotin. A 
theoretical threefold amplification is thus obtained. 
Even greater amplification of a signal can be achieved 
by the use of preformed complexes of biotin/enzyme/ 
biotin/streptavidin made in such a way that not all of 
the biotin binding sites on the streptavidin are occu- 
pied. Such complexes form lattices and, because 
there are unoccupied binding sites, the lattices bind 
to biotin linked to detector antibody. Each molecule 
of analyte is thus linked via antibody and biotin to a 
lattice. Washing removes unbound lattices and the 
activity of the many molecules of enzyme in the fixed 
lattices is measured photometrically. 


Neutralization tests in cell cultures 


The discovery in 1949 that polioviruses would grow 
in cultured human non-neural cells led very rapidly 
to the use of tissue cultures, not only for virus assay 
but also for the assay of antibodies to viruses. The 
range of cells that can now be cultured in vitro is 
enormous and, by choosing the appropriate cell 
type, it is possible to measure antibody to almost 
any virus. In each assay the principle is to estimate 
the dilution of serum that neutralizes the infectivity 
of a convenient, but arbitrary, number of CCID50. 
If, for example, the need is to estimate the titre of 
antibody to poliovirus type 1, it is first mecessary to 
obtain a preparation of the virus and estimate its 
titre in CCID50 as described in the earlier section. 
This preparation is then stored under conditions 
that ensure stability, e.g. frozen, and thereafter 
appropriately diluted it can be used in any number 
of assays. Serial dilutions of the serum to be assayed 
are made in tubes and approximately 100 CCID50 of 
the virus are added to each dilution. The serum-virus 
mixtures are held, usually overnight, for neutraliza- 


tion to take place and small constant volumes of 
each mixture are then added to at least five wells in 
microtitre trays containing established cell mono- 
layers. The trays are incubated for 4 days and the 
wells then inspected for CPE. The dilution of test 
serum that protects exactly 50% of the cultures from 
the cytopathic effects of the virus is calculated from 
the replicates and this-value, the 50% protective 
dose, is the serum titre. If a standard antiserum to 
poliovirus type 1 is included in the test, the potency 
of the test serum can be expressed as a ratio or in 
units. 

Just as assays of virus titre have been automated, so 
too have assays of antibody. In the case of antibody 
assays the saving in labour and time can be pro- 
digious when serum samples from a large antibody 
survey have to be assayed. 


Estimations of live microorganisms and 
toxins in vivo 


In the early years of microbiology the most used 
indicator of biological activity was the laboratory 
animal. However, during the last quarter of a century 
the guinea-pig and the mouse have been steadily 
displaced by in-vitro methods of ever increasing 
ingenuity. Such methods have been eagerly adopted 
by microbiologists on the grounds of precision, rapid- 
ity, economy and, not least, compassion. Attributes 
such as these justify the precedence given to in-vitro 
methods in this chapter. 

Although in-vitro assays have greatly reduced the 
need for assays in vivo there remain a number of 
assays which must still be performed in animals. 
Preparations of bacteria, bacterial toxins and viruses 
can all be assayed for infectivity or toxicity in animals, 
but the assayist who undertakes such work must 
ever bear in mind that, even within a single strain of 
a particular species, the susceptibility of the animals 
to a particular agent can range remarkably widely. 
The assayist must take account of this heterogeneity 
of animal populations. 

Although all individuals in a group of apparently 
similar laboratory animals may be susceptible to a 
particular pathogen or toxin, some are affected by 
a dose that is seemingly innocuous to others. ‘This 
has been extensively investigated by chailenging 
large groups of animals with serial dilutions, usually 
logarithmic, of a pathogen or toxin. In an experiment 
with a large number of appropriately chosen dilutions 
each inoculated into, say, 100 animals, a result such 
as that shown in Figure 49.2a might well be obtained. 
The feature of this figure is that as the dilunon 
increases the percentage of survivors increases also. 
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Fig. 49.2 Log dose-response curves showing the mortalities caused by different doses of 
a pathogen or toxin. At (a) is shown the typical sigmoid curve obtained by plotting the 
percentages of mortalities against log doses; (b) shows the straight line obtained by 
plotting the probits of the percentages of mortalities against log dose. 


Moreover, whereas at the extremes of the dilution 
range the change in the death rate between adjacent 


dilutions is small, in the middle of the range it is - 


quite large. 

From the top of the curve in Figure 49.2a it is 
possible to drop a perpendicular to the abscissa and 
to read off, albeit a little inaccurately, the dilution of 
the pathogen that kills virtually all animals. Similarly 
it is possible to determine from the bottom of 
the curve, but equally inaccurately, the dilution that 
almost all animals withstand. Much more useful, 
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however, 1s a perpendicular dropped from the inter- 
cept of the log dose-response curve and the 50% 
mortality line. This intercept can be located accu- 
rately by reason of the steepness of the slope at 
this point and so the perpendicular at its intersection 
with the abscissa provides a correspondingly accurate 
estimate of the dilution which, had it been one of 
the dilution series, would have killed exactly 50% 
of the animals. Each dose of this dilution would con- 
tain one 50% lethal dose or 1 LD50. The methods 
of Reed & Muench (1938) can be used to calculate 
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the precise dilution that contains 1 LD50 in each 
dose but it is usually sufficient to plot the curve 
on semi-logarithmic paper with the dilutions on the 
logarithmic abscissa and the percentages of survivors 
on the ordinate and to read off the required value. 

A difficulty that is often experienced in the drawing 
of graphs such as that shown in Figure 49.2a, espe- 
cially when the available points are few, is that the 
fitting of the curve to the points requires a certain 
amount of guesswork which leads to uncertainty 
about the true position of the curve and thus the 
intersection of the curve with the line representing 
50% mortalities. Moreover, the animals towards the 
extremes of the dilution series are largely wasted as 
they provide little help with the guessing. These 
difficulties may be at least partly resolved by trans- 
forming the observed percentages of mortalities in 
each group into values that replace the curve with 
a straight line. The transformation most often used 
for this purpose is the probit transformation in which 
the percentages are transformed into corresponding 
values known as probits by reference to a compen- 
dium of statistical tables. The probit corresponding 
to 50% is 5, lower percentages having probits that 
diminish towards zero and higher percentages pro- 
bits that increase towards 10. The conversion of the 
percentages of mortalities in Figure 49.2a to their 
probits provides a series of values which, when 
plotted on the same abscissa, yields the straight line 
shown on Figure 49.2b. All of the points can be 
used in the positioning of the line and, if the best 
possible fit is required, it can be readily calculated by 
regression analysis. Once the line is fitted the rela- 
tionship of all probits to doses is established and 
thus, by reference again to a table of probits, the 
relationship of all percentages of mortality to dose, 
In circumstances in which it is possible to use doses 
that kill or otherwise affect between 10 and 90% 
of the subjects it is sufficient to use only three. serial 
doses to establish a reliable dose or log dose-response 
curve as long as the doses encompass the dose 
which would result in a response in 50% of subjects. 
It must always be remembered, however, that pro- 
bits are related to the normal distribution and pro- 
vide straight lines from sigmoid curves only when the 
observed responses are normally or log normally 
distributed. 


Assays of antibody and antitoxin in vivo 


Assays of antibody in vivo measure the true neutral- 
izing potency of an antiserum rather than the com- 
bining property that is measured in most in-vitro 
assays. As these two properties of an antiserum 
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seldom correspond exactly, the in-vivo tests remain 
necessary for the potency assay of all prophylactic 
and therapeutic antisera. Very many antitoxins were, 
in the past, assayed by in-vivo methods but today 
such procedures are seldom needed in human medi- 
cine other than for the potency assay of tetanus 
immunoglobulins. 

In the assay of tetanus immunoglobulin it is first 
necessary to determine the correct quantity of toxin 
to be used. A series of dilutions of tetanus toxin is 
made in, say, 2-fold steps and the volumes are made 
up to 4 ml. Next, 1 ml of a solution containing 1 IU/ 
ml of standard antitoxin is mixed with each dilution. 
After 30-45 min, during which time the toxin and 
antitoxin interact, 0.5 ml volumes of each mixture 
are injected into two or more mice. Mixtures contain- 
ing toxin at low dilution contain some un-neutralized 
toxin and cause paralysis in the injected animals: 
mixtures containing toxin at high dilution are without 
un-neutralized toxin and so are innocuous. Some- 
where in the series there is likely to be a mixture 
that causes paralysis adjacent to a mixture that does 
not. 

In the second stage of the assay a series of dilu- 
tions is made in 5 or 10% steps in the range between 
the adjacent mixtures identified in the first stage. 
Anutoxin is added as before and more mice are 
inoculated. Observation of the animals identifies a 


-mixture that causes an obvious but not disabling 


paralysis on the fourth day. This mixture contains 
in each 0.5 mi one test dose, the Lp/10 dose, i.e. 
the dose of toxin which, when mixed with 0.1 IU 
of antitoxin, is just sufficient to cause paralysis in a 
mouse 4 days after injection. 

In the third stage, serial quantities of the standard 
antitoxin in the range 0.5-2 IU are placed in a series 
of tubes and, in so far as a guess allows, similar 
quantities of test immunoglobulin are placed in a 
similar series of tubes. The volumes are made up to 
4 ml and then 1 ml of the tetanus toxin diluted to 
contain 10 Lp/10 doses/ml is added to each tube. 
After 30-45 min, the mixtures from each tube are 
injected into mice. Again the mice are observed for 
paralysis for 4 days. 

In the series of mixtures made with the standard, 
that containing 1IU of antitoxin is likely to cause 
paralysis on the fourth day as it contains the Lp/10 
dose of toxin and 0.1 IU of antitoxin in each 0.5 ml! 
dose. In the series of mixtures made with the test 
preparation, any may cause paralysis on the fourth 
day, but the one that does must clearly contain an 
amount of activity equivalent to that in the standard 
series that had the same effect, ic. 1 IU. Calcula- 
uons that take account of the dilution of the test 
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preparation rapidly provide the potency of the test 
immunoglobulin in [U/ml. 
The assay method just described provides sharp 


endpoints -but- it. cannot estimate titres less than 


1]U/ml. To measure titres lower than this, as is 
required in epidemiological studies of immunity to 
tetanus, it is necessary to use smaller doses of toxin, 


‘e.g. the Lp/100 and Lp/1000 doses. These doses 


of toxin increase the sensitivity of the assay to 0.1 
and 0.01 IU/ml respectively, but at the cost of less 
sharp endpoints, particularly with the Lp/1 000 dose. 


Estimation of protective potency 


An antiserum, vaccine or antibiotic rhay reasonably 
be expected to protect animals from the ill effects 
of an inoculum of a pathogen or toxin that would 
cause disease, even death, in untreated animals. 
Thus the LD50 of a pathogen or toxin would be 
greater for the treated animals than for the un- 
treated and the difference would be a measure of 
the efficacy of the protective preparation. This is in- 
deed so, and assays based on this concept are often 
used in the early stages of the investigation of a 
new prophylactic. However, as development pro- 
ceeds, the need changes to an assessment of activity 
in terms of a standard and for this purpose compari- 
sons of LD50 are unsatisfactory. Large differences 
in the dose of the protective agent induce only small 
differences in LID50 and, furthermore, the results 
tend to be very imprecise. Worst of all, the method 
provides only a comparison of the resistance of the 
two treated groups and that is very different from 
a comparison of the protective potencies of two 
products. For this purpose, quantal and quantitative 
assays of protective potency are needed. 


Quantal assay 


The principle of the quantal assay is to estimate, 
under strictly parallel conditions, the dose of a test 
preparation and the dose of a standard preparation 
that protect an indicator system in a particular 
way against an appropriate challenge. In the assay 
of a vaccine, for example, the doses that are usually 
estimated are those that protect exactly 50% of the 
animals from a lethal or other form of challenge 
and are known as the immunizing doses (ImDs50). 
As the doses of the standard and the test preparations 
have the same effects they must, even though they 
may be of quite different volumes, contain the same 
amounts of protective activity. Thus the activity 
of the test preparation can readily be described in 
terms of the activity of the standard. 
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Microbiologists who regularly undertake quantal 
assays know from experience the approximate doses 
of their standard and test preparations that protect 


50% of their animals from the challenge that they 


use. They therefore make three dilutions, usually in 
the range 2-fold to 5-fold, of each preparation, en- 
suring that in each series the mid-dilution dose to 
be inoculated contains an amount close to the 50% 
protective dose. The three dilutions of the standard 
and the three of the test preparation are each allo- 


cated to a group of animals, usually at least 16, and — 


one-dose is given to each animal. 

After about 14 days, during which time the 
animals that respond to the preparations develop an 
immune response, all the animals are challenged with 
the appropriate pathogen. A dose of 50-100 LD50 
is usual, but as all the animals receive the same 
amount the exact dose is not important. At the same 
time, dilutions of the challenge are inoculated into 
groups of normal animals to provide an estimate of 
the size of the challenge and an assurance that it is 
neither unreasonably small nor large. All the animals 
are observed for an appropriate time and a record is 
made of those that die in each group. 

Table 49.2 shows the results of an assay of this 
type that was undertaken in mice to estimate the 
potency of a pertussis vaccine. Clearly the mid-doses 
of both standard and reference preparation protected 
about half the animals — the low doses few, and the 
high doses most. When the percentages of survivors 
in each group are converted to probits it is possible 
to depict the result graphically as in Figure 49.3 and, 
if semi-log graph paper is used, to read off the 
amounts of the standard in IU and of the test 
preparation in ml that protect exactly 50% of the 
challenged animals. Thereafter a simple calculation 
provides the potency of the test preparation in 1U/ml. 
However, much better use of the data can be made 
by probit analysis as described by Finney (1978) as 
this provides not only a calculated estimate of 
potency, but also an indication of the precision of 
that estimate in the form of fiducial limits. Moreover 
the analysis includes tests of validity which warn the 
assayist if the log dose-response is too shallow or 
if there are significant deviations of the log dose- 
response lines from linearity or parallelism. Many 
computer programs are now available to make the 
calculations and save the experimenter a great deal 
of arithmetical drudgery. 

Tests such as those just described are often known 
as active protection tests, on account of the active 
immunity evoked by the vaccines, or as 3 + 3 quantal 
assays, on account of the three doses of each pre- 
paration and the all-or-none, quantal, response. 
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Fig. 49.3. A graphical representation of the results of the 

3 + 3 quantal assay given in Table 49.2. Tne vertical dashed 
lines show that 50% of animals are protected by 0.14 IU of the 
standard and by 7.2 ul of the test vaccine. Thus an 0.5 mi dose 
of vaccine contains 0.14 x 0,5/0.072 = 9.7 JU. 


Tests with 4 + 4, 3 + 3 + 3 or even larger arrange- 
ments are possible and, since the standard prepara- 
tion need be included only once in any test, tests 
in which several test preparations are simultaneously 
compared with a standard are an obvious economy. 
Such tests have long been used for the potency assay 
of pertussis vaccines and more recently, in Europe, 
for the assay of adsorbed diphtheria and’ tetanus 
vaccines, Although the description of this type of 
test has been based on the quantal response of death 
or survival after challenge, it is perfectly possible to 
use other quantal indicators such as the first signs 
of paralysis caused by tetanus toxin or erythema of 
the skin after the intradermal injection of diphtheria 


0.14 1U 


toxin. ‘he advantage of these alternative indicators is 
that affected animals may be destroyed immediately 
signs appear and animal suffering is minimized. 


= 


Quantitative assays 


In a quantitative assay, the activities of a standard 
preparation and of a test preparation are measured 
in terms, not of an all-or-none response, but in terms 
of a response that is, in theory at least, infinitely 
variable. Examples of the responses used in quanti- 
tative assays are the survival times of animals chal- 
lenged with viruses and treated with antiviral agents, 
and the serum antibody levels induced by immuni- 
zation. Clearly a more effective antiviral agent will 
ensure longer survival and a potent vaccine induce 
more antibody. The format of quantitative assays 
may be that of merely two groups, treated and un- 
treated, or more complex with three groups treated 
with serial dilutions of a test preparation and three 
groups treated with serial doses of a standard pre- 
paration. Relatively simple statistical methods are 
available for the analysis of the results from both 
types of test. The disadvantage of many quantitative 
assays is that they are labour intensive and, despite 
this, often fail to provide estimates more precise than 
the less laborious quantal assays. 


Microbiological assays 


The term microbiological assay is used for assay 
methods in which microbes, usually bacteria, are 
used in place of animals as indicators of a biological 
activity. Iwo principal forms are used; those in which 
the assay measures the effect of a growth-inhibiting 
substance such as an antibiotic, and those in which 
it measures the activity of a growth-promoting sub- 
stance such as a vitamin. Both types of assay can 
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be performed in liquid media in tubes or in the wells 
of microtitre trays or, alternatively, in or on solid 
media in Petri dishes. Though simple-in concept, 
both methods are Capable of mtich sophistication 
and for details of the procedures readers are referred 
to Hewitt & Vincent (1989). 

Assays in tubes or in wells exploit either the 
turbidity or acid production caused by bacterial 
growth to give an index of inhibition or promotion. 
Serial dilutions of. the standard and of the test 
substance are made in an appropriate medium and 
each dilution is seeded with the same amount of a 
suspension of appropriate bacteria. The mixtures are 
incubated for 4-6 h, or longer if necessary, and the 
bacterial growth is stopped by heat or the addition 
of a disinfectant. The turbidity or colour change in 
the medium in each tube or well is then measured 
with a nephelometer or densitometer. In assays of the 
inhibitory effect of antibioucs growth is inhibited at 
low dilution, and in assays of the growth-promoting 
effect of vitamins growth is promoted at low dilution. 
In both cases the activity of the test material can 
be compared with that of the standard in parallel 
line assays in which turbidity, colour change or light 
scattering is plotted against the logarithms of the 
concentrations. 


Armitage P, Allen I 1950 Methods of estimating the 
LD50 in ‘quantal response data. Journal of Hygiene 
48: 298-322 

Bailey N T J 1959 Statistical methods in biology. English 
Universities Press, London 

Boyd W C 1956 Fundamentals of immunology, 3rd edn. 
Interscience Publishers, London, pp 642-694 

Finney D J 1978 Statistical methods in biological assay, 3rd 
edn. Charles Griffin, London 

Hewitt W, Vincent S 1989 Theory and application of 
microbiological assay. Academic Press, London 
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Such assays usually depend on a single reading 
taken from each mixture after a fixed period but 
equipment capable of taking multiple sequential 


readings from-each of many mixtures is now avail- 


able. From such sequential readings it is possible to 
plot the response in each mixture against the dura- 
tion of incubation and so obtain families of curves 
showing, for example, the effects on bacterial growth 
of several antibiotics each at several different 
concentrations. 

Assays in agar in plates also depend upon the 
inhibition or promotion of bacterial growth as an 
indicator. of effect. In this method, however, the 
measured effect is the diameter of the zone of growth 
inhibition or promotion surrounding punched wells 
in the agar into which dilutions of standard and 
test material have been pipetted. Again, parallel line 
methods are used to assess the potency of the test 
material in terms of the standard, but in this case 
the zone diameter or the square of the zone diameter 
is plotted against the logarithms of the dilutions. 
This method is the basis of the antibiotic sensitivity 
testing that is used in clinical microbiology and in 
which the test organism is seeded on to the surface 
of a bacteriological medium and the antibiotic is 
applied in an absorbent paper disc. 


Mancini G, Carbonara A O, Heremans J F 1965 
Immunochemical quantitation of antigens by single radial 
immunodiffusion. Immunochemistry 2: 235-254 

Parker R E 1991 Introductory statistics for biology, 2nd edn. 
Edward Arnold, London 

Reed LJ, Muench H 1938 A simple method of estimating 
50% endpoints. American Journal of Hygiene 27: 493 

Swinscow T D V 1980 Statistics at square one, 7th edn. 
British Medical Association, London 

Voller A, Bidwell D E, Bartlett A 1977 ‘The enzyme linked 
immunosorbent assay. Flowline, Guernsey 
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IN-VIVO MICROBIOLOGICAL 
TECHNIQUES 


Microbiologists have always tried to replace experi- 
ments on living animals by in-vitro techniques as the 


latter give more reproducible results. Nevertheless, © 


some animal experiments will always be required as 
many tests depend on physiological interaction of 
the organs in the intact animal and this cannot be 
duplicated im vitro, and there is pressure to prove 
that in-vitro techniques cannot be used. The micro- 
biologist must be aware of public concern regarding 
the use of live animals for scientific research. Reduc- 
tion, refinement and replacement must always take 
precedence whenever animals are to be used, and 
distress to the animal will be minimized if proper 
attention is given to care and welfare. 


Legal requirements 


Laws intended to safeguard animals from cruelty 
are on the statute books of most countries. They are 
usually thought to be sufficient to protect laboratory 
animals from abuse but, in some countries, they 


have been supplemented by special legislation for the 


latter purpose. It is essential] that all microbiologists 
consult their national legal code before using any 
animal for research, for a diagnostic procedure, or 
for the preparation of an antiserum. 

Within the European Community, a unification 
of laws relating to animal experimentation has taken 
place and the necessary changes have been incor- 
porated into the legislation of most EC countries. 

In the United Kingdom, scientific work on living 
animals is controlled by the Animals (Scientific 
Procedures) Act 1986. This Act provides for the 
licensing of experimental and other scientific proce- 
dures carried out on ‘protected animals’ which may 


cause pain, suffering, distress or lasting harm. ‘These. 


are referred to in the Act as ‘regulated procedures’. 


‘Protected animals’ are defined under the Act as 
all living vertebrate animals, except man, and the 
definition extends to fetal, larval or embryonic forms 
which have reached specified stages in their develop- 
ment. Under the Act, an animal is regarded as ‘living’ 
until the cessation of circulation or destruction of 
its brain, so procedures carried out on decerebrate 
animals are also subject to the controls. In addition, 
the breeding of animals with genetic defects; pro- 
duction of antiserum and other blood products; the 
maintenance and passage of tumours and parasites 
are controlled by the Act. 

Two kinds of licence are required for scientific 
work (which includes diagnostic tests performed on 
animals) controlled by the Act. The person applying 
the regulated procedures to the animal must hold 
a personal licence. However, in addition, the proce- 
dures must be part of a programme of work author- 
ized by a project licence. No work may be done 
unless the procedures, the animals used, and the 
place where the work is done, are specifically author- 
ized in both personal and project licences. ‘The 
personal licence is the Home Secretary's endorse- 
ment of the holder’s competence and suitability to 
carry out specified procedures on specified animals. 

The project licence is granted where the Home 
Secretary considers that the use of animals im a 
programme of work for a purpose permitted by the 
Act is justified, and the methods proposed appro- 
priate. All project licence applications have, inter 
alia, to show that alternative methods not involving 
the use of animals cannot be used, and estimate the 
degree of pain and distress likely to be suffered by the 
animals. 

Applications to carry out particularly severe 
experiments: are referred to an advisory committee. 
The humane killing of an animal requires licence 
authority in certain circumstances, and Schedule 1 
of the Act details the methods of euthanasia which 
may be employed for named species. In all cases, the 
Home Office Guidance Notes on the Operation of 
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the Animals (Scientific Procedures) Act 1986 should 
be consulted (HMSO/182/1990). 

The breeding and procurement of normal animals 
for scientific purposes also comes into the ambit 
of the Act. All regulated procedures have to be 
conducted in registered premises which are visited 
unannounced by the Home Office Inspectorate, 


who hold medical or veterinary qualifications and 


supervise the working of the Act. 

Anyone intending to work with experimental 
animals in the United Kingdom should discuss with 
the staff of their animal facility the licence application 
they must make. These staff have detailed knowledge 
of the routine to be followed and can also. supply 
the mame and address of the local Home Office 
Inspector, who will invariably be found to be helpful 
and willing to assist. 

Prospective scientific visitors to the United Kingdom 
who wish to carry out regulated procedures on 
animals during their stay are advised to apply for a 
personal licence well in advance of arrival. ‘Their 
host must also be informed of the details of the work 
proposed so that a project licence may be applied for. 


Humane experimentation on animals 


It is imperative that users of experimental animals 
_ give thought to the humanity of the procedures they 
propose to carry out. In most experiments, there are 
two periods at which distress to the animal may be 
acute; the time of application of a substance and the 
time when it produces an effect. In bacteriology, the 
methods used to introduce materials into an animal’s 
body appear trivial, but they may not always be so. 

For example, the vehicle in which an inoculum is 
made up is important. A balanced salts solution 
has a measurably less disturbing effect on mice than 
the more commonly used 0.9% sodium chloride 
solution. The consequences of a microbiological 
experiment can be acutely distressing. Animals may 
develop inflammation, painful abscesses, or illness 
leading to death. In such cases, frequent observation 
is essential and the animal must be killed immediately 
the information sought has been obtained. 

A decision as to the point at which the animal is 
to be killed must be agreed before the experiment 
commences, and clearly stated on Home Office 
licence documentation. Decisions on the degree of 
pain and distress felt by an animal have to be made 
by drawing on human experience. It must be realized, 
however, that this may not always be the best 
indicator. A useful guide is given by Amyx (1987). 
Things that appear innocuous to man may be highly 
disturbing to another species and vice versa. 
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So that immediate decisions can be made if an 
animal is in distress it is essential that contact tele- 


phone numbers of the research staff, both in and 


out of hours, be available. If the user is away, a 
deputy, who may be a senior animal technician, must 
be informed. Failing all, it should be understood, 
and so stated in the animal facility Code of Practice, 
that the technician-in-charge has authority to kill or 
treat with analgesics any animal that appears to be in 
pain or distress. 

The animal facility user should ensure that atten- 
tion is not gratuitously drawn to the existence of 
animal experimentation. In many countries there are 
groups of individuals opposed to the use of animals 
for any kind of experiment, however innocuous. 
Their activities may be- violent, including physical 


assault, forcible entry of premises, the release of | 


animals and vandalism of apparatus. In some coun- 
tries, especially the United Kingdom, these attacks 
have.been particularly violent in recent years. 

Animal facilities should be inconspicuous, win- 
dows screened from casual observation and exterior 
labels and direction signs avoided. Doors must be 
kept locked at all times and access restricted. All 
inoculations and other manipulations should be 
carried out within the premises; animals must not 
be carried to general laboratories for this purpose. 
The housing and care of laboratory animals in the 
UK is controlled by a Code of Practice issued by 
the Home Office. This comprehensive code covers 
housing, care, disposal of dead animals, staff training 
and many other important aspects of laboratory 
animal science. It is an invaluable document that 
will also be found useful in countries outwith the 
UK (HMSO HC 107/1989). 


Choice of animal 


Species 


Most species of animal presently used for exper- 
mental purposes were originally chosen because of 
their ready availability and cheapness rather than 
because they had been shown physiologically to be 
the most suitable for the purpose intended. ‘Thus, 
in the nineteenth century, horses were preferred 
to cattle and sheep for raising antibodies because 
worn-out animals were cheap. Research workers out 
of Europe should not ignore the employment of 
local species if these are easier to procure, breed, feed 
and house. 

Some species are traditionally associated with 
particular tests and uses. Regulatory requirements 


- also exist for named species to be used, e.g. for 
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toxicity testing. Otherwise the species to be used 
will be decided on grounds such as its known sus- 
ceptibility to disease, its size in relation to the yield 
of, for example, serum, and the ability to afford a 
statistically significant number of animals. To aid in 
the choice of animal the weights of the common 
species at different ages are given in Table 50.1. Once 
the species has been chosen, consideration should 
be given to the other distinctions, genetic and micro- 
biological, among laboratory-bred stock. 


Genetic status 


The traditional laboratory strains of rats and mice 
are thousands of generations, and possibly thousands 
of years, removed from their wild relatives, and can 
be obtained from commercial breeders as either 
outbred or inbred animals. Outbred animals are, 
in theory, mated randomly. The degree of hetero- 
genicity of the stock depends on the numbers in 
the colony. Small groups can easily become inbred 
unless special steps, i-e. the application of a minimal 
inbreeding programme, are instituted. 

Inbred animals are the product of at least 20 
sequential brother—sister matings and are effectively 
genetically identical. Variation in response between 
individuals is thus enormously reduced so that 
small numbers can yield a significant result. The 
ability to transfer tissues and cells between inbred 
animals has valuable uses in immunology, not least 
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in the production of monoclonal antibodies for the 
identification of microbial species. 

Inbred stocks have the disadvantage that the genes 
in each animal are identical and, therefore, each 
stock, rather than each individual as in outbred stock, 
will behave differently in their reactions, e.g. to infec- 
tion or immunization. It is necessary, therefore, to 
select by trial the stock that is most suitable for any 
application. The nomenclature of inbred stocks, which 
may appear complex, is internationally standardized 
and regularly updated by Festing (1987). 

Hundreds of mutant genes have been identified 
in mice which have effects on responses to infection, 
coat colour, presence or absence of enzymes, etc. 
Many of these may be of value in experimentation. 


Microbiological status 


Three main types of animals are distinguished 
according to the type of microbial flora they carry. 

1. Conventional animals are those bred in normal, 
open animal rooms without special precautions or 
microbiological.control and so carry an undefined 
flora. Technica! advances in isolator design linked 
with demand has, however, now enabled commercial 
suppliers to provide laboratory animals of defined 
microbiological status. These may be specific pathogen 
free (SPF), or gnotobiotic (germ-free). 

2. Specific-pathogen-free (SPF) animals are stocks 
certified to be free from a list of possibly pathogenic 
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organisms, They are derived from fetuses obtained 
secant Sache animals byc caesarean section and 
Sadicitets Monitoring for the presence of sirisee,. 
bacteria and other microorganisms and metazoal 
parasites is carried out (Bhatt et al 1986). Even if the 
construction of the animal facility does not permit 
maintenance of strict SPF status, it is still advisable 
to purchase such animals. If fresh stock are placed 
in thoroughly cleaned rooms and steps taken to mini- 
mize contamination from old stock, intercurrent 
infections and the consequent confusion of results 
will be diminished. 

3. Gnotobiotic animals. The word ‘gnotobiotic’ 
indicates that all the living components of the system 
are known. Normally there is only one, the animal, 
and these animals are often called ‘germ free’, though 
it is impossible to be sure that all viruses are absent. 
If such an animal is deliberately infected with several 
known species of, for example, normal gut flora, 
it is still gnotobiotic. The animals are reared in an 
entirely sterile environment, usually a large (1.5 x 
0.75 x 0.75 m) plastic bag kept inflated with sterile, 
filtered air. This is the isolator. Gloved ports and an 
airlock enable the inhabitants to be manipulated and 
supplies and test materials to be inserted. Food is 
sterilized by cobalt™ irradiation at 5 Mrad; other 
materials in an autoclave. The outer surfaces of the 
packages are sterilized by placing them in an airlock, 
spraying with 2% peracetic acid and retaining them 
for 2 h before accepting them into the sterile interior. 

Gnotobiotic animals are costly to obtain and main- 
tain, but are valuable in some kinds of micro- 
biological experiments. They are, however, abnormal 
animals; thus gnotobiotic rats and mice, for example, 
have enormously enlarged caeca, in addition to 
other physiological abnormalities. 


ORGANIZATION OF EXPERIMENTS | 
Preparation of animals 


Handling 


It cannot be too strongly emphasized that laboratory 
animals handied frequently and sympathetically 
become tame and easily managed. Users should 
make daily visits to any animals they intend to 
manipulate frequently, e.g. for blood sampling. A 
caress to a rabbit, or a touch of the hand on the bars 
of a mouse cage will familiarize the inhabitants with 
the scent of the user. Animals should never be 
handled with gloves or, worse, with forceps (except 
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when anaesthetized). Confidence should be attained 
by manipulating well tamed individual animals 
should be mueioded as to the presence of difficult 
individuals or strains, before manipulation is begun. 
Guidance on handling laboratory animals is to be 
found in the guidelines produced by the Selgin! 
Council (1992). 

Methods for the identification ‘of various species 
are given below. A recent, generally applicable tech- 
nique is the subcutaneous implantation of an elec- 
tronic transponder which can be read with appropriate 
apparatus as described by Ball et al (1991). 


Grouping and randomization 


For statistical orthodoxy, animals should be randomly 
allocated to different treatment groups by  pre- 
numbering them and consulting a table of random 
numbers. This process does not always have the 
effect intended. It is noticeable that, even within 
inbred stocks, any box of mice will contain some 
that are easily caught and others difficult to secure 
(an example of ‘stratification’). With healthy stock this 
probably derives from the development of a social 
(pecking) order with resultant physical variation. A 
random number table may place all the slow mice 
in one box and the fast ones in another, just as filling 
the boxes one after another will do. It is preferable 
to distribute the mice by ‘blocking’, as follows. 

Set out all the necessary recipient boxes on a 
bench and distribute the mice singly to-one box after 
another as they are caught, going round and round 
until each box contains the required number. The 
boxes should then be allocated, by random number, 
to treatments. Similar considerations apply to other 
species, though the differences are not so marked as 
they are kept in smaller groups. 

When filling boxes, ensure that the sex of the bulk 
supply is known or an unwanted mixture may result. 
Do not be surprised if male mice, when distributed, 
fight violently as they re-establish their social order. 
Every anima! must be permanently marked to iden- 
ufy 1t and notes on appropriate methods are given 
for each species. It is usual to number animals in 
groups within a box, i.e. 1—6, but it is wise also to 
mark each individual so as to identify the cage from 
which it comes. An inadvertent interchange of cage 
labels can then be corrected. For an up-to-date 
discussion on the design of laboratory animal 
experiments see Festing (1992). 


Anaesthesia 


For most microbiological ‘ purposes only light 
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anaesthesia is required. Long-term anaesthetic 
methods, suitable for major surgery, are detailed in 
the excellent textbook by Flecknell (1987). 

With well tamed animals, many manipulations can 
be carried out with no anaesthesia and only minimal 
restraint. Where some control is required, ether 
(diethyl ether) is probably the most useful anaesthetic 
agent, especially for the inexperienced anaesthetist, 
its disadvantages of being irritant (and thus produc- 
tive of excessive mucous secretions) and flammable 
being balanced by cheapness and therapeutic safety. 
Ether must be used only within a suitable enclosed 
spark-proof air extract cupboard (fume cupboard). 
Methoxyflurane is a recommended substitute with 
none of the disadvantages and even greater therapeutic 
safety. 

Ether can be used on a cotton-wool pad placed 
below the metal gauze of a desiccator vessel. A tall, 
wide mouthed, lidded jar is preferable as the vapour 


is better conserved. A 6 litre jar (110 x 180-x.300-mm - 


high) with a layer of gauze at the bottom requires 
only 8-10 ml of ether. If used properly, 50 mice 
can be anaesthetized within this in rapid sequence 
for intraperitoneal injection. The ether will totally 
evaporate and the animals will not come into direct 
contact with the liquid which is very irritant to the 
eyes and mucous membranes. Cotton gauze 1s better 
than cotton-wool in the jar and a shallow platform of 
wire gauze is helpful. 

Animals should be placed in the jar and watched 
continuously until unconsciousness supervenes. Mice 
must be removed at once or they will die. Remove 
them with a pair of long forceps, not by tipping 
them out or reaching in with the hand. These latter 
manoeuvres result in loss of ether vapour and the 
necessity to add more ether. Second and subsequent 
ether additions are never as effectively vaporized as 
the first because the temperature at the bottom of 
the jar decreases as the ether evaporates. 

Anaesthetizing animals in an ether jar exposes the 
animals to pure ether vapour with no oxygen for 
respiration or carbon dioxide to stimulate breathing. 
On removal to the air they rapidly recover conscious- 
ness. The jar method is, however, simple and to be 
recommended for rapid control of small animals for 
injection for infectivity or toxicity testing. 

Fentanyi-fluanisone (Hypnorm, Janssen) is an 
excellent drug combination for the production of 
neuroleptanalgesia in laboratory animals by intra- 
peritoneal or intramuscular injection. If given with 
the tranquillizer, muscle relaxant and anticonvulsant 
drug, diazepam (Valium), it produces good general 
anaesthesia. The correct dose rates for each species 
are given below. The effect of fentanyl-fluanisone can 
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be reversed by nalorphine (Narcan) 2 mg/kg body 
weight. 

Pentobarbitone sodium 6% (Sagatal, May & Baker) 
is the traditional injectable anaesthetic agent for 
laboratory animals but has been surpassed by more 
recent agents. Analgesia is poor, it produces respira- 
tory depression, hypothermia is a constant danger 
and recovery is slow. Nevertheless it is still widely 
used. The general dose rate is 40 mg/kg by the 
intraperitoneal route. Commercial solution contains 
60 mg/ml; this should be diluted 1 in 10 with saline 
for use in mice. The best results are obtained by 
placing rather more than the calculated dose in a 
syringe and then administering half of it as a bolus 
intravenously. After allowing a few minutes for 
equilibration, increments of the volume remaining 
in the syringe are given, also intravenously, until 
the desired level of anaesthesia is achieved. Basic. 
notes on suitable anaesthetics are given later in this 


..chapter, with each species. 


Administration of materials by injection 


Booy fluids 


Urine, cerebrospinal fluid, blood and serous fluids 
should be drawn into the syringe through a needle 
of the same bore as that to be used for injection. 
Particles that may cause a blockage are thus rejected. 
Tenacious material such as pus and sputum may re- 
quire a wider bore needle than those recommended 
for each species below. 


Cultures 


Fluid cultures are easily drawn into the syringe 
though it may be found advantageous first to pour 
the culture into a small (50mm) Petri dish, or 
wide-mouthed bottle. Growths on solid media may 
be scraped off and suspended in broth or saline, or 
fluid poured on the culture which is then emulsified 
with a sterile bacteriological] loop. 


Tissues 


Small fragments of soft tissues such as brain, liver, 
spleen and kidney are readily homogenized in a glass 
tissue grinder with a small amount of diluent. If 
larger volumes of tissue suspension are needed or if 
firmer tissues such as muscle or lung have to be used, 
an electrically powered blender is recommended. 
Tough, fibrous tissues such as skin or chronically 
inflamed lymph nodes should be cut into small pieces 
and with sterile scissors placed into a sterile porcelain 
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mortar. Some clean, coarse, acid-washed sand or 
powdered glass that has been hot-air sterilized is 
then added. The mixture is triturated with a pestle, 
saline being added gradually. On standing for a 
short time the sand and larger tissue fragments settle 
and the supernatant fluid can be drawn into a syringe. 
When intravenous injection of a tissue suspension is 
intended, care must be taken that no large particles 
are given. To avoid this, the suspension must be 
centrifuged at 50-100 g and the supernatant fluid 
used. 


Syringes 


Disposable plastic syringes are convenient and uni- 
versally used but it should be noted that plasticizers 
and lubricants can contaminate the inoculum. The 
mineral oil used in adjuvants can cause rubber 
plungers to swell and make the piston difficult to 
move. All-glass syringes may, therefore, be preferable 
in some circumstances. Hypodermic needles are 
described in the techniques that follow by their 
metric measurement (see Table 50.2). 


Safety precautions 


In all cases, safety legislation and local facility re- 
quirements must be adhered to and followed at all 
times. Where possible, to prevent spillage, materials 
for injection should be transported to the ammal 
facility in a closed vial, preferably one sealed with a 
closure through which a needle may be passed to 
withdraw the fluid. A small hole can readily be made 
in the cap of a bijou vial to permit this. When filling 
syringes it is essential to have available small pads of 
sterile cotton-wool to receive any material ejected 
from the needle when purging the syringe of air. 
Such pads can be prepared from dental rolls or 
pledgets of cotton-wool wrapped in kraft paper to 
make a packet about 50 x 50 mm. These are sealed 
with self-adhesive tape and autoclaved. When re- 
quired, a corner is cut or torn off and the needle 
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point inserted. Protective pads of this type must 
always be used when material infective to man or 
animals is being prepared for injection, and all 


manipulations must be performed within a suitable 


approved safety cabinet or room specifically designated 
for that purpose. 


Skin preparation 


The skin should be cleaned or sterilized before 
making an inoculation into an animal, The same 


syringe and needle should not be used to inject 


several individuals in sequence. 


Collection of plasma and serum 


The techniques of withdrawing blood for the pre- 
paration of plasma, serum or cells are described for 
the different species later in this chapter. If clear 
plasma or serum is required, animals should be 
fasted, with ad-lib water, for about 6 h before bleed- 
ing. For most purposes a clear product is unneces- 
sary..Unclotted blood for the preparation of plasma 
or cells must be collected through a heparinized 
needle into a syringe containing heparin solution or 
other anticoagulant. A fina) concentration of 5 units 
of heparin per ml of blood is required. Add 0.1 ml 
of heparin solution, 5000 units/ml, to 10 ml of saline. 
Use 0.1 ml of this solution per 1 ml of blood. 

For production of serum, clotting is best achieved 


by placing the sample in a 37°C water-bath imme- - 


diately after collection (rather than an incubator). 
The clot should be separated from the wall of the 
container after about half an hour. 


Humane methods of killing animals 


The method used in the UK for killing an animal 
at the termination of a regulated procedure must 
be one which is listed at Schedule 1 of the Animals 
(Scientific Procedures) Act 1986 (HMSO 1986). 

Chemical methods, such as exposure to an over- 
dose of a volatile or parenteral anaesthetic, produce 
no traumatic artifacts but contaminate all subsequent 
specimens with the drug. They are excellent for 
examination of morbid anatomy and _ histology. 
Physical methods leave no adventitious materials 
in the cadaver but may grossly distort anatomy, 
promote mixing of materials from different com- 
partments of the body and disseminate materials, 
possibly infective, into the environment. They can 
be recommended for the collection of living tissues 
and cells and are often the most humane for routine 
use, | , 
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Disposai of dead animais 


The best way to dispose of animal carcases is in- 
cineration. Before this is done a careful check must 
be carried out on each animal to make sure that it is 
dead. Carcases may be kept in a deep-freeze cabinet 
or refmgerator before disposal but not if any are 
contaminated with ether; explosions have occurred 
due to ignition of ether vapour by a spark from the 
thermostat or mterior light switch. 


Post-mortem examinations 


All experimental animals should be examined post 
mortem whatever the apparent cause of death. Where 
death is expected this can be as cursory or detailed 
as the experimental protocol demands. Where it is 
unexpected, or among stock animals, a standardized 
post-mortem report form should be completed. It 
should be filed in the animal! facility for reference. 
Scrupulous attention to such examinations and re- 
ports will often enable an epidemic to be identified 
at a very early stage. Examinations for this purpose 
need not always be extensive; a record of merely 
superficial signs and circumstances of death can be 
enlightening when matched with like reports. 


Necropsy procedures 


For some purposes a very simple necropsy will 
suffice, e.g. as part of the post-mortem examination 
of an animal unexpectedly found dead. The body 
cavities are opened and the organs viewed super- 
ficially for discrepancies from normal. 

In most microbiological expermments a primary 
reason for necropsy will be to recover organisms 
previously injected into the animal. Such necropsies 
must be conducted with strict aseptic precautions 
and, if the organisms present a hazard to man or to 
other animals, in an approved microbiological safety 
cabinet. The technique employed is to open each 
layer of the body with a fresh set of sterile instruments 
and then to sterilize the surface of organs, by searing 
with a hot iron, before collecting specimens. 


Materials 


These are as follows: an animal board (cork can 
be used but an expanded polystyrene slab or tile is 
preferable as it can be discarded with the carcase); 
map pins, skewers or disposable hypodermic needles 
with which the body can be fixed to the board; 
scalpels, 2; scissors, pointed, 4; forceps, rat-toothed, 
5; forceps, dissecting, 1; small bone forceps (if it is 
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intended to open the skull or collect bone marrow), 
1; searing iron (spatula, etc.), 1; Bunsen burner; 
Pasteur pipettes; bacteriological loop; specimen con- 
tainers, media and preservatives as required. The 
instruments should be of the sterile disposable rype 
or have been sterilized by autoclaving or boiling. A 
sterile tray or cloth on which they can be laid is also 
required. 


Method 


1. Immerse the whole animal in a disinfectant 
solution or wet the ventral surface with 70% ethanol. 
This is to prevent loose hairs, dander and dust 
contaminating the exposed organs and the operator. 

2. Pin the cadaver to the board by its four feet 
so that it is well stretched. 

3. With forceps lift the skin over the abdomen 
and with scissors snip off a piece so as to leave a 
small hole. Lift the edge of the hole, insert a scissor 
blade and make a median incision through the skin 
from the lower neck to the perineum. Make sub- 
sidiary incisions outwards along the upper parts of 
the limbs. Hold the skin away from the body as these 
cuts are made so as not to puncture the body wall. 
Discard the instruments. 

4. Take a fresh pair of forceps and scalpel and 
dissect away the skin so as to expose abdomen and 
thorax. Secure the major skin flaps with pins. Discard 
the second set of instruments. , 

5. Lift the abdominal wall with forceps and open 
the peritoneal cavity using scissors. Enlarge the inci- 
sion along the median line and cut along the costal 
arch. Pin out the muscle flaps. Discard the instruments. 

6. Collect specimens from the abdominal organs. 
To ensure freedom from contamination, sear sur- 
faces with a hot iron; if care has been taken in opening 
the body this may not be necessary. 

7. Open the thorax by grasping the xiphisternum 
with forceps and then cut through the costal carti- 
lages or ribs on each side of, and well away from, 
the sternum, using pointed scissors. Reflect the 
sternum forward. Blood can now be collected from 
the heart by plunging the tip of a Pasteur pipette 
through its wall. If the thorax has been cleanly 
opened there is no need to sear the surface of the 
heart. 

8. If bone marrow is required, remove a femur 
by cutting the muscles at their attachments and then 
disarticulating the bone at both ends. Remove the 
extremities with bone forceps and collect the marrow 
by lavage or by passing a probe through the cavity. 

9. To expose the brain, place the animal on its 
ventral surface and secure the head with pins through 
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the tip of the nose and the vicinity of the ears. With 
a scalpel make a midline incision in the skin over 
the skull, free the skin from the bone and pin the 
flaps to the board. Depending on the size ofthe 
animal, use a scalpel or small saw to make a cut 
across the frontal bones. Again depending on the 
size of the animal, use dissecting or bone forceps to 
remove the skull piece by piece. 


Necropsy of animals infective to man 


All necropsies carried out on animals carrying or- 
ganisms potentially infective for man, or for other 
animals, should be carried out in an approved micro- 
biological safety cabinet. In some countries the safety 
precautions will be dictated by legal requirements, 
with which the operator must be fully conversant. 
The safety cabinet employed must have an approved 
rate of extract air flow at the working opening. 
The method employed will essentially be that de- 
scribed above with special atrangements for disposal 
of the carcase after examination and removal of 
contaminated materials from the cabinet. 

The person carrying out the examination should 
wear gloves and a disposable apron. The animal 
board should be placed in an enamel tray, and another 
tray should be available to which organs can be 
removed for examination and specimen collection. 


Small plastic bags should be available in the cabinet 


for disposal of the carcase and all discarded materials. 
At the end of the examination the filled bags are 
gently placed in a large plastic sack held open by 
an assistant outside the cabinet. This sack is sealed 
and then placéd in a multi-walled paper sack for 
incineration. Non-disposable materials, instruments, 
etc., are, if small, placed in a metal box for auto- 
claving. This and any other container is swabbed 
with disinfectant, e.g. 2% Virkon (RS Biotech), 
before being removed from the cabinet, Clearing up 
is conveniently done by an assistant or the operator 
wearing a fresh pair of gloves and handling con- 
taminated articles with a pair of forceps. The cabinet 
itself is disinfected or fumigated with Virkon or 
similar agent. 
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Handling and restraint 


To pick up a rabbit approach the animal deliberately 
but gently. Smooth back its ears and then grasp the 
loose skin over the shoulders with’ one hand while 
simultaneously placing the other hand under the 


872 


a el P — ¥ 





abdomen. Lift gently with both hands and let the 
animal lie along the arm close to the body whilst 
carrying it to the bench. Never pick a rabbit up by 
the ears alone and always keep the hind legs well 
tucked in to prevent kicking. Place the animal on a 
non-slippery surface otherwise it may become 
frightened. A piece of square clean cloth makes a 
suitable cover for the bench top. 

Well gentled rabbits require little restraint for 
many manipulations and can be held by an assistant. 
If an assistant is not available the animal can be 
gently wrapped up in a towel so that its head pro- 
trudes to allow access to the ears. Special restraint 
boxes are available which fit the animal’s body 
closely; these have a cut out for the neck and an 
adjustable division to prevent the animal retreating. 
Such boxes should be used with care; it-is easy to 
fracture a rabbit’s vertebral column when holding 
it in place or by allowing it sufficient room to kick. 
Many animals will, however, happily sit-in such a 
box which serves to prevent them wandering off 
while preparations are made and manipulations are 
carried out. 


identification | 


As rabbits are usually housed singly, problems of 
identification are less taxing than for other species. 
Nevertheless the animals should be individually 
marked as errors can occur and cage labels become 
interchanged. A note of the coat colour pattern 
of individuals may be sufficient in multi-coloured 
strains. White rabbits can be temporarily marked 
with stains, picric acid (4% in 70% methanol or 
detergent solution) or felt marker pens. More 
permanent marking is achieved by small metal ear 
tags or tattooing. 


Scarification 


The following materials are required for inoculation 
by scarification: two scalpels, one with a rounded 
blade and the other a pointed blade; soap; ethanol, 
70%; and swabs. 


1. Clip the hair from an area on the flank. Shave 
the stubble with the rounded scalpel blade after 
anointing the area with a wetted piece of soap. 

2. Clean the skin with ethanol and allow it to 
evaporate. With the pointed scalpel make a number 
of parallel scratches with the point. These should 
be just deep enough to draw blood. Rub the infective 
material into the scratches with the side of the 
blade. 


a 





Subcutaneous injection 


The maximum volume injectable is 1 ml. The 
materials required are: a syringe and a hypodermic 
needle, 30 x 0.63 mm. 


1. With the finger and thumb of the left hand pick 
up a fold of skin over the back or flank. Insert the 
needle to a depth of about 15 mm through the hollow 
formed below and between the fingers. 

2. Release the skin and move the needle to check 
that it is placed subcutaneously and not intradermally. 
Make the injection. 

3. Pinch the needle, through the skin, with finger 
and thumb and sgoueeze as it is withdrawn so as to 
close up the track. If this is not done leakage may 
occur. 


intravenous injection 


The maximum volume injectable is 5 ml. The 
materials required are: a syringe; a hypodermic 
needle, 30 x 0.63 mm; scissors, curved on flat; and 
a cotton-wool swab. The injection is made into an 
ear vein. 


1. An assistant secures the animal and grasps an 
ear firmly at its base to occlude venous return. The 
veins can usually be seen easily but if the hair is 
very long it is trimmed with scissors. 

2. Choose an engorged vein at the rear ‘margin 
of the ear. Insert the needle so that it is parallel 
to the vein and pointed towards the body. Make 
the injection slowly as the assistant releases the 
constriction at the base of the ear. 

3. Withdraw the needle while pressing a swab on 
to the point of insertion. Maintain this pressure for 
a few moments to seal the hole. 


intraperitoneal injection 


The maximum volume injectable is 20 ml. The 
materials required are: a syringe and a hypodermic 
needle, 30 x 0.63 mm. 


1. An assistant gently rolls the rabbit on to its 
back and carefully grasps its fore and hind feet. 

2. Holding the syringe vertically, insert the needle 
10 mm from the mid-line on the left side of the 
abdomen at the level of the umbilicus to a depth of 
15 mm. Do this in a single swift movement with the 
needle guarded by a finger to contro] the depth of 
insertion. 

3. Make the injection, withdraw the needle and 
rub the site of insertion. Immediately allow the rabbit 
to regain its feet; this will ensure that the muscle 
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and skin layers. move in relation to each other and seal 
the hole. 


intramuscular injection 


The maximum volume injectable is 0.5 ml. The 
materials required are: a syringe and a hypodermic 
needle, 30 x 0.63 mm. Intramuscular injections can 
be made into any suitably available muscle mass; the 
posterior aspect of the thigh is convenient. 


1. An assistant holds the rabbit with its left leg 
stretched out towards the operator. 

2. Grasp the animal’s left thigh, from the anterior 
edge, with the left hand so that a pad of muscle forms 
between forefinger and thumb about half-way along 
the femur. 

3. Insert the needle into this pad of muscle, from 
the rear of the animal, so that it runs between the 
fingers, to a depth of 10 mm. 

4, Gently attempt to withdraw the plunger of 
the syringe and note whether any blood enters it. If 
it does, remove the needle and insert it at a slightly 
different site. If no blood is seen, make the injection 
and withdraw the needle while pressing with finger 
and thumb to close the needle track. 


Collection of biood 


From the marginal vein of the ear. Repeated 
samples of up to 50 ml can be collected at 2-4 week 
intervals. ‘The materials required are: a scalpel with 2 
curved blade (or razor blade); soap; soft petroleum 
jelly (Vaseline); cotton-wool swabs; containers for 
blood (Universal); xylo] and ethanol, 1f required. 


1. Restrain the rabbit by gently wrapping it in a 
blanket or placing it in a rabbit-restraining box. 

2. Shave the hair from the rear margin of an 
ear. Smear the skin over the marginal ear vein with 
petroleum jelly to delay clotting. 

3. Grasp the ear near its base so that the venous 
return is impeded and the vein raised. 

4. With a scalpel blade, make a diagonal cut 
across the vein. The cut should penetrate the skin 
and vein but not be so deep as to sever the vein. 
Alternatively, the cut can’ be made along the vein 
but this requires more skill if the vessel is not to be 
missed. The animal will usually jerk as the intima of 
the vein 1s incised and the operator must be prepared 
for this. 

5. Unless the rabbit is very tame the immediate 
effect of the cut is to produce vasoconstriction in 
the ear due to the release of adrenaline. Vasodilation 
follows after a few minutes; during this time the ear 
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should not be released neither should any sudden 
movements or noise be made to frighten the animal. 
Bleeding is best carried out in a quiet room with 
the door shut. Blood will then start to flow. When 
the flow begins to recede, wiping the cut with cotton 
wool will usually restart it. 

6. When sufficient blood has been collected re- 

lease pressure on the vein, cover the cut with a small 
piece of cotton-wool and press firmly. 
_ 7, Clean all blood from the ear with a damp sterile 
swab and return the rabbit to its cage. Itis important 
to clean the ear well as dried blood may cause the 
animal to scratch its ear and reopen the incision. 

8. If blood flow is slow, vasodilation can be 
encouraged by wiping the ear with a xylol swab. 
However, the resultant flow may be difficult to stop. 
If xylol is used, the ear must be cleansed with ethanol 
before the rabbit is returned to its cage. 


Blood samples can also be collected from the 
central artery of the ear or directly from the heart 
by cardiac puncture; these techniques are not so 
widely used for microbiological purposes and the 
reader should consult the 13th edition of this book 
for details, or, for the technique of cardiac puncture, 
Wills et al (1993). 


Anaesthesia 


Pentobarbitone at a maximum intravenous dosage 
of 45 mg/kg body weight will produce light surgical 
anaesthesia for about 15 min, but the recovery time 
is long. Fentanyl-fluanisone at 0.5 ml/kg intra- 
muscularly produces deep sedation and analgesia 
for about 30 min. Ether must not be used in rabbits. 


Antiserum production 


The rabbit is widely used for the production of 
antiserum as it responds well to immunization, and 
convenient volumes of blood can readily be collected. 
Countless immunization protocols have been de- 
scribed in the literature (Herbert 1978); all have 
their adherents but few are based on comparative 
experimental data. The following maxims may be 
found useful: 


1. Early antibodies are more specific than those 
resulting from repeated booster immunizations. 

2. Particulate antigens given intravenously stimul- 
ate agglutinating IgM type antibodies. 

3. Soluble antigens stimulate precipitating IgG 
type antibodies. | 

4. Particulate antigens stimulate a rapid response 
if given intravenously. 
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5. Soluble antigens should be given subcutaneously 
or intramuscularly with a depot-forming adjuvant 
such as alum or in a water-in-oil emulsion. 

6. Stable soluble antigens (pure proteins such as 
ovalbumin) with adjuvant can be given as a single 
dose. 

7. Labile antigens must be given as repeated 
doses. 

8. When depot-forming adjuvants are used, patience 
is an important ingredient of success. 


Particulate antigens 


Materials such as killed whole bacteria usually stimul- 
ate a good antibody response if given intravenously 
as four to six doses, of gradually increasing amounts, 
at 3-day intervals. Large quantities of antigen are 
not required for the immunization; 0.5 ml doses 
containing 10° organisms/m] are adequate. A small 
quantity of blood should be collected just before 
each injection and tested for agglutinating activity. 
The main bleed is taken 5 days after the last dose. 

If the rabbit responds well, anaphylactic shock 
may occur when the later doses are given. Adrenaline 
and a syringe must, therefore, be kept at hand. 


Stable soluble antigens 


Substances that are likely to be stable at 37°C over 
a reasonable period of time, e.g. serum proteins, 
toxoids, etc., should be administered in a water-in-oil 
emulsion or in Freund’s complete adjuvant. The 
latter stimulates the best response but invariably 
produces an abscess at the injection site. Note that 
antibodies to proteins of the tubercle bacillus, as 
wel] as against the antigen incorporated into it, are 
produced. 

The basis for these two adjuvants is a mineral oil 
such as pharmaceutical grade light liquid paraffin 
(also Drakeol 6VR, Bayo) F, etc.) combined with 
an emulsifier, usually Arlacel A (Atlas) in the ratio 
of 9 parts of oil to 1 part of emulsifier. If Freund’s 
complete adjuvant is required, dried, heat-killed 
Mycobacterium tuberculosis, strain C, or M. butyricum 
is incorporated at the rate of 1 mg/ml of oil. ‘These 
mixtures can be obtained commercially (Difco). 

The easiest: way to form the emulsion 1s to use 
a mini-stirrer to prepare the emulsion directly within 
the syringe barrel (Agi Heller-Haupt et al 1992). 
Otherwise, place 2 ml of the oil emulsifier mixture 
in a wide-mouthed screw cap bottle such as a uni- 
versal container. An equal volume of antigen solution 
is then incorporated into the oil in four or five 


portions. Incorporation is done by taking antigen 
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solution into a syringe and then expelling it rapidly 
below the surface of the oil through a fine bore 
(0.5 mm) needle. Between the addition of each por- 
tion, the bottle is capped and shaken. When all of 
the antigen solution has been incorporated into the 
oil, the whole volume of emulsion is taken into the 
syringe and expelled forcibly through a 0.8 mm bore 
needle. 

This 1s repeated several times to increase the 
homogenization. For antiserum production a fairly 
fluid emulsion gives the best results; the homogeni- 
zanion process should not, therefore, be carried too 
far. The quantity of antigen used will depend on 
how much ts available. It is best to divide it into 
three, incorporating one part into the emulsion. The 
other parts are reserved for booster injections. Doses 
of about | mg of serum proteins and 10-100 wg of 
other materials are sufficient. 

Before use, the emulsion is tested for integrity 


by allowing a.drop or two to fall into a beaker of. 


tap water. The drops should either spread over the 
surface or remain discrete. This indicates a good 
water-in-oil emulsion. If, on the other hand, the 
emulsion mixes with the water to form a cloud of 
particles then it is either an oil-in-water emulsion or, 
more likely, a mixed or multiple emulsion (Herbert 
1965). If this happens do not repeat the emulsifying 
process but make a note of what is seen and then 
inject the emulsion as it stands, Mixed emulsions 
are often more effective for antiserum production 
than are perfect water-in-oil emulsions. The latter 
produce very long-lasting but lower responses. 

Inject the emulsion, at one site only, subcutane- 
ously or intramuscularly, but never into the foot 
pad as is aften recommended. Placing Freund’s 
adjuvant into the foot pad is cruel and unnecessary. 
An intradermal site will produce an excellent, rapid 
response but also an unpleasant abscess if Freund’s 
complete adjuvant is used. The site of injection 
should be examined every few days. If an abscess 
forms, clip the hair and then treat as an open wound. 
Healing may be slow. 

The antibody response following administration 
of an antigen in a water-in-oil or Freund’s complete 
emulsion reaches a peak after 8-10 weeks. It then 
remains at a plateau level for 1—2 years, the time 
depending on the stability of the antigen and the 
emulsion. 

A booster dose of antigen, given in saline by the 
subcutaneous route, will produce a maximum séc- 
ondary response when the plateau has been reached. 
A secondary response can be elicited from about 
the fourth week but the peak will not be so high as 
those produced Jater nor will it have any influence 


MANAGEMENT OF EXPERIMENTAL ANIMALS| 


3U 





on the eventual plateau level of antibody response 
reached. The rabbit is bled for antiserum 5 or 6 
days after the booster dose. The site of the booster 
injection should be observed for abscess formation 
resulting from an Arthus reaction in highly immune 
animals. 

If the recommended materials are not available, 
serviceable water-in-oil emulsions can be made by 
grinding together light liquid paraffin, lanolin and 
antigen solution in a mortar. 


Labile soluble antigens 


Labile substances such as tissue homogenates and 
cell suspensions can be given in water-in-oil emul- 
sions, but it is necessary to repeat the dose at weekly 
intervals for, say 6 weeks. After a 3 week rest, a 
booster, not in adjuvant, is given and the antiserum 
collected 5 days later. 


GUINEA-PIG 


Handling and restraint 


Guinea-pigs are the most easily handled of all experi- 
mental animals. Nevertheless they repay gentling 
and attention by the microbiologist with docility and 
friendliness. They are picked up, or restrained on the 
bench, with a hand placed over their back so that 
thumb and forefinger lie on each side of the neck 
and the fingers round the thorax. If the animal is 
large it should be supported with a hand under the 
hindquarters when lifted. 


identification 


Coloured animals can be identified by their coat 
patterns, white strains by marking with stains, picric 
acid or a felt pen. A similar system to that suggested 
for mice by Lumsden et al (1973) can be used 
to indicate individual numbers (see below). More 
permanent marking is achieved by the use of small 
metal ear tags. 


Subcutaneous injection 


The maximum volume injectable is 1 ml, The 
materials required are: a syringe and a hypodermic 
needle, 30 x 0.63 mm. The method is as for the rabbit. 


intradermai injection | 


The maximum volume injectable is 0.1 ml. The 
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materials required are: clippers or scissors, curved on 
flat; a scalpel with rounded blade, or a razor blade; 
soap; a 1 ml syringe; a hypodermic needle, 15 x 
0.5 mm; and measuring callipers, if required. Ensure 
that the needle is attached firmly to the syringe. 


1. Clip the hair from a suitable site on the flank 


or side of the abdomen, Shave the area with a scalpel 


or razor blade after wetting the coat with a moistened 
piece of soap. Do not use a safety razor as it will 
quickly become clogged. It is unnecessary to shave 
closely; doing so may cause irritation. 

2. Partially fill the syringe and then purge it of 
air. For good intradermal injections it is essential 
that no air bubbles remain in the syringe or needle. 
Draw in some air and then, to remove bubbles 
attached to its walls, shake the syringe vertically as 
when setting a clinical thermometer. Place a sterile 


pad on the needle tip and then slowly move the 


plunger up the barrel, tapping the latter occasionally 
to dislodge bubbles. This is especially necessary 
when filling the needle hub. 

3. If it is intended to make skin-fold measure- 
ments, mark the proposed site of injection with a felt 
pen and then measure the skin fold with callipers. 

4. While an assistant secures the guinea-pig, 
pick up a fold of skin, at the marked site, between 
the thumb and forefinger of the left hand. Insert 
the point of the needle, bevel uppermost, near to the 
surface of the skin so that it will run between thumb 
and forefinger. Force the needle forward, so that it 
remains near the skin surface, for about 10 mm. 

5. Release the skin fold and grasp the needle 
firmly, through the skin, at its point of insertion. 
Depress the plunger to make the injection. Consid- 
erable force will be required if the tip of the needle 
is within the dermis. 

6. Withdraw the needle while compressing the 
skin along its track between finger and thumb. An 


intradermal inoculum properly placed will exhibit 


a persistent, pea-like, swelling on gentle palpation. 


intraperitoneal injection 


The maximum volume injectable is 10 ml. The 
materials required are: a syringe and a hypodermic 
needle, 25 x 0.5 mm. The method is as for the rabbit. 
The needle should be inserted to a depth of about 
10 mm. 


Intramuscular injection 


The maximum volume injectable is 0.2 ml. The 
materials required are: a syringe and a hypodermic 
needle, 25 x 0.5 mm. The method is as for the rabbit. 
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Collection of blood 


From marginal vein of the ear 
A sample of up ‘to 0.5m! can be collected. The 
materials required are: a hypodermic needle, 25 x 


0.5mm; a smal] test tube; soft petroleum jelly 
(Vaseline). 


1. An assistant holds the guinea-pig. Smear a 
little petroleum jelly on the ear and then stretch it 
out to observe the veins. 

2. Puncture a vein with the needle. This needs to 
be done gently; the veins are smal! and the needle 
is easily driven through the ear, causing pain and 
long-lasting vasoconstriction. 

3. Hold the ear so that venous return is reduced 
and collect blood into the test tube. 


From the heart 


Volumes up to 5m) cari be collected at weekly 
intervals. The materials required are: a 2 mi or 5 ml 
syringe; a hypodermic needle, 40 x 0.8 mm; and 
anaesthetic apparatus. 


1. Check that the plunger of the syringe 1s working 
freely and then push it fully home. Attach the needle. 

2. Anaesthetize the guinea-pig with ether. Place it 
on its back onthe bench or hold it in the left hand. 

3, Insert the needle in the centre line at the tip 
of the sternum. Push it forward at an angle of 45° to 
the general body surface until it touches the heart. 
The beat will be felt. 

4. Advance the needle about 6mm while simul- 
taneously attempting to retract the plunger. Cease 
forward movement when blood enters the barrel. 
Collect the blood slowly. 

5. Withdraw the needle quickly and allow the 
animal to recover. It is important that collection 
be completed and the needle withdrawn before the 
animal makes any movement on recovering from 
anaesthesia. Otherwise the heart may be lacerated 
and fatal cardiac tamponade will follow. 


Anaesthesia 


Injectable anaesthetics are difficult to use in this 
species. Veins are not easily accessible and if other 
routes are used, weight-related calculation of the 
dose is inexact due to the large intestinal contents. 
Ether can be used successfully for very short-term 
anaesthesia such as that required for cardiac bleed- 
ing. Ether is suitable only for short-term control 
because of the excess secretions that it stimulates. 
If long-term anaesthesia is contemplated in this 
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species the textbook by Flecknell (1987) should be 
consulted. ; 


MOUSE 
Handling and restraint 


Most mice-are easy to handle with a little practice. 
It is wise, however, to ask the technician in charge 
whether the strain that it is proposed to use is in any 
way difficult. Some, such as the CBA inbred strain, 
are very active and likely to jump out of their box 
as soon as the lid is removed. Young mice of any 
strain may also do this. Always close the door of 
the room before lifting the lid of their box! 

It is customary to pick mice up by the tail, grasping 
it gently but firmly at the base or mid-portion and 
not by the tip. Docile animals can also be secured 
by placing the whole hand over them; they will then 
sit gently exploring between the fingers. To hold a 
mouse more securely for injection, place it on the 
bench and grasp a large fold of skin, at the level 
of the ears, between the thumb and forefinger. It 
cannot then turn its head to bite. Gentle traction on 
the tail will stretch the mouse to expose its back 
and flanks for injection. Initial control can readily 
be obtained if the mouse is placed on a cage top and 
gently pulled backwards by thé tail. The animal 
grasps the metal bars with its forepaws and is effec- 
tively immobilized whilst the skin at its neck is 
grasped. 

To expose the abdomen, pick up the mouse by its 
neck and, holding the hand palm upwards, allow the 
body to rest in it. The tail is then secured between 
the last two fingers. The remaining fingers are 
tucked in below the animal’s back so that, when 
slightly extended, they tense the abdomen for, e.g., 
intraperitoneal injection. 
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Identification 


The classical way of marking mice is to make small, 
1.5mm diameter holes in their ears with an ear 
punch. Mouse ear punches as received from the 
manufacturer are not always satisfactory. They 
should be tested on thin paper and, if necessary, the 
anvil spread slightly by tapping its up gently. It is 
essential that a complete disc is cut from the ear; 
otherwise the flap will quickly grow back and the 
mark will be lost. Standard marking schemes will 
be found in the books listed in the bibliography. The 
scheme chosen should be widely exhibited in the 
animal facility so that the meaning of the ear punches 
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is Known and users do not cause confusion by using 
a different system. 

White mice can be temporarily marked with stains 
or, more permanently, with picric acid 4% in 70% 
methanol. A widely used dye marking scheme is 
given by Lumsden et al (1973). This consists of 
spots being placed clockwise round the body as 
viewed from above, the base of the right ear being 1, 
right forelimb 2, right side of body 3, right hind 
limb 4, root of tail 5, etc. 


Subcutaneous injection 


The maximum volume injectable is 0.2 ml. The 
materials required are: a I ml syringe, and a hypo- 
dermic needle, 15 x 0.5 mm. The method is similar 
to that for the rabbit. 


intravenous injection 


The maximum volume injectable is 0.7 m! of well 
tolerated, neutral, isotonic solution, but it is wise to 
limit the volume to 0.1 ml if possible. The materials 
required are as follows. 

Mouse holder. This may be a specially made 
brass or perforated zinc tube about 35 mm in dia- 
meter and 120 mm long, closed at one end and with 
a rubber bung at the other. The bung has.a groove 
on one edge for the animal’s tail. The holder is 
adjusted to the length of the mouse with cotton-wool 
swabs. Alternatively a large, 50 ml, disposable syringe 
may be used. The nozzle end is cut off and replaced 
by a bung, and smail holes are made in the side for 
ventilation, The length is adjusted to suit the mouse 
by moving the plunger. For use, both types of holder 
are placed in the clamp of a laboratory stand at a 
convenient height above the bench. 

Other required materials. ‘These are: a | ml syringe, 
preferably all-glass as these show no lag when the 
piston is moved; a hypodermic needle, 15 x 0.5 mm; 
a beaker of hot water at about 40°C; and small pads 
of cotton-wool. 


1. Place the mouse in the holder; it will enter 
readily. Put in the bung so that the animal’s tail lies 
in the slot, which should be uppermost, 

2. Soak a pad of cotton-wool in the hot water and 
place it on and around the tail to cause vasodilation. 
Leave in position for 1—2 min. 

3. Partly fill the syringe with the material:to be 
injected. Ensure that no large air bubbles are pre- 
sent. Turn the needle so that its bevel lies on the 
same side as the graduations on the syringe barrel. 

4. Hold the tail with the left hand so that it 
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hangs over the forefinger. Observe the dilated veins. 
Bring the tip of the needle up to one of the veins. 
Insert it, at a slight vertical angle, just into the skin, 
then lower it to the horizontal and pass it into the 
vein. 
5. Gently press on the plunger of the syringe, 
there should be no resistance (easily appreciated 
with an all-glass syringe) and the inoculum should 
be seen to enter the vein. If any resistance is felt the 
needle is not in the vein even if the inoculum appears 
to be entering it. It will, in fact, be in the fascia 
surrounding the vein and its track will be swollen. 
6. When the injection is complete, withdraw the 
needle; if it was properly placed a drop of blood will 
follow. 


If the first attempt is not successful try again 
after rewarming the tail. Start near the tip of the tail 
and work inwards. The technique requires practice. 
At a first trial the operator may succeed in placing 
the inoculum intravenously in only 25% of the mice. 
Preliminary trials should be carried out on recent 
cadavers with an innocuous, but visible, substance 
such as a suspension of colloidal carbon (Pelikan 
Indian ink). Mice killed with an overdose of ether 
usually have dilated tail veins and are suitable for 
initial attempts at the technique. 


intraperitoneal injection 


The maximum volume injectable is 2ml. The 
materials required are: a syringe; a hypodermic 
needle, 10 x 0.5mm; and anaesthetic apparatus, 
e.g. ether jar. 


1. Anaesthetize the mouse. Intraperitoneal injec- 
tion can easily be carried out without anaesthesia 
but an occasional animal will, on being released, 
immediately eject most of the inoculum through the 
needle hole. Anaesthesia is also convenient for the 
rapid injection of groups of mice. The whole group, 
say six, is dropped into the jar together, removed 
with long forceps as they become unconscious and 
rapidly injected. An assistant is essential for this 
method. 

2. Pick up the mouse as described above and 
inject as for the rabbit. Choose the site so that neither 
liver nor spleen (on the operator’s right) is lacerated 
and do not insert the needle so deeply that the great 
vessels are punctured. Release the mouse as the 
needle is withdrawn. | 


Prior withdrawal of food overnight, while allowing 
access to water, considerably reduces the possibility 
of injection into a viscus (Simmons et al 1963). 
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intracerebral injection 


The maximum volume injectable is 0.03 ml. The 
materials required are: ethanol, 70%; a 0.5 or 1 ml 
syringe; a hypodermic needle, 10 x 0.5 mm; and 
anaesthetic apparatus. | 

1. Anaesthetize the mouse and then clean the 
top of its head with ethanol. 

4. Insert the needle vertically to a depth of 0.5 mm 
at a point 3mm from the midline and midway 
between the outer canthus of the eye and the point 
of attachment of the ear. 

3. Make the injection and withdraw the needle. 
No dressing is required. 


intranasal instillation 


The maximum volume instillable is 0,1 ml. The 
materials required are: anaesthetic apparatus; a safety 
cabinet: a Pasteur pipette and a pipette teat. Because 
of the danger of inhaling an aerosol of infective 
material it is essential to work in a safety cabinet as 
used for the necropsy of infective animals. 

1. Anaesthetize the mouse and, as soon as its 
breathing has become even and automatic, turn it 
on its back and introduce the inoculum into the 
nares on one side only. 

2. Allow the animal to recover fully while still 
within the cabinet and preferably allow it to remain 
there for 30 min after instillation. | 


Injection of infant mice 


Great care and cleanliness is essential when handling 
the litters if cannibalism by the mother is to be 
avoided. A 10 x 0.5 mm needle is used and the fol- 
lowing volumes can be given: subcutaneous, 0.03 ml; 
intraperitoneal, 0.05 ml; intracerebral, 0.03 mil. 


Collection of blood 


From the tail 


The volume obtainable is about 0.3 ml. The materi- 


_als required are: scissors; a small test tube such as a 


plastic precipitin tube; a cautery or plastic dressing 
spray. 

1. Cut a small sliver from the end of the tail and 
milk the tail between two fingers. Sufficient blood 
will be expressed to make films and counts and even, 
with persistence, for simple tests. For the latter 
the blood should be allowed to clot at 37°C in a 
water-bath and, if the clot does not separate from the 
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wall of the test tube, ringed with a -bacteriological 
wire. Serum is taken off with a Pasteur pipette drawn 
to a fine point. 

2. If infective organisms are present in the blood, 
seal the cut end of the tail by cautery or application 
of a plastic dressing before the animal is replaced 
in its box. Otherwise the tail may continue to bleed 
for some time and contaminate the box. 


From the retro-orbital plexus 


This is the most efficient way of collecting repeated 
samples of blood from the mouse. In the United 
Kingdom special permission from the Home Office 
is required for this technique. When properly carried 
out it is entirely humane. The volume obtained from 
a 20 g mouse is up to 0.7 ml, The materials required 
are: a sterile container to receive the blood; a paper 
towel; a pipette teat and several blunt-ended glass 


~ sterile pipettes. Ideally the pipettes should have a 


tip not exceeding 1.5 mm diameter. A small size of 
ready-made disposable pipettes can be obtained. 


1, It is important that the mouse be held properly 
so that venous return from the head is reduced. 

2. Lift the mouse out of its box and place it on 
the bench under the left hand. 

3. Restrain it by holding the tail with the right 
hand. 

4. Press the animal gently on to the bench with 
the backs of the second, third and fourth fingers. 

5. Grasp the scruff of the neck by placing the 
forefinger of the left hand behind the left ear and the 
thumb over the right ear. 

6. Trap a fold of skin from the back of the mouse 
between the thumb and two distal phalanges of the 
second finger. 

7. Fix the tail with the fifth finger against the 
palm of the hand and lower the whole hand over 
the mouse, turning its head on to the left side so 
that the right eye can be approached. Place it on the 
paper towel. The eyes should now be protruberant 
due to engorgement of the venous plexus in the orbit. 

8. Take a pipette in the right hand and gently 
insert it into the medial canthus of the right eye so 
that it is directed below the eyeball. Rotate the pipette 
On its axis as it is inserted so that it cuits into the 
wall of the plexus. Puncture of the wall will be felt 
but blood does not usually flow immediately. 

9. Withdraw the pipette slightly (about | mm) and 
blood should enter it. 

10. Once blood has entered the pipette, the latter 
should not be moved until the level ceases to rise. 
Watch the surface of the blood rather than’the tip 


of the pipette. If the flow stops, activate it by moving 
the pipette in and out of the orbit by increments of 
about | mm rotating it slightly as this is done, 

11, When the desired volume of blood has entered 
the pipette remove it from the eye. Hold it horizon- 
tally so that the blood does not run out. Release 
the mouse at the same moment. While the blood is 
flowing the pipette need only rest on the-fingers. 

12. Watch the condition of the mouse carefully 
while bleeding it, particularly when new to the tech- 
nique, Properly bled, a mouse should show no ill 
effects when released. If clotting occurs during the 
bleeding process change at once to a fresh pipette. 


From the heart 


The volume of blood obtainable is up to 1.5 ml. 
The materials required are: a 2 ml syringe; a hypo- 
dermic needle, 25 x 0.5 mm; a cork board; adhesive 
tape; anaésthetic apparatus; and a pencil or rod 
for killing the mouse. Heart puncture is suitable 
only for terminal bleeding in this species because 
cardiac tamponade occurs in a significant number 
of individuals. 


1. Check that the plunger of the syringe is working 
freely. Lay out two pieces of adhesive tape each 
about 120 mm long. 

2, Deeply anaesthetize the mouse with ether until 
its breathing stops. The heart will continue to beat. 

3. Place the animal on its back on the cork 
board and quickly secure it with strips of adhesive 
tape across the fore and hind legs. 

4. Follow the cardiac bleeding technique described 
for the guinea-pig. Be prepared to kill the mouse by 
cervical dislocation if bleeding fails and the animal 
shows signs of returning consciousness. 


Anaesthesia 


Ether is fairly safe for short-term anaesthesia but 
its Irritant nature requires that other agents should 
be used for prolonged unconsciousness. Methoxyflu~ 
rane (Abbott) appears to be a much more satisfactory 
anaesthetic. It may be used in a similar manner 
to ether. Carbon dioxide piped into a chamber 
irom a cylinder or prepared in a bucket from dry ice 
covered with shavings is not suitable for anaesthesia 
but may be used for terminal bleeding. 
Fentanyl-fluanisone provides an excellent sedative 
for many purposes. Dilute the commercial solution 
(Hypnorm, Janssen) 1 in 10 with saline and give the 
diluted drug at the rate of 0.1 ml/30 g body weight 


by the intraperitoneal route. Maximum effect takes 
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about 5 min to develop. If diazepam at 0.1 mg/30 g 
is given first by the same route; good surgical 
anaesthesia can be obtained. 


RAT 


| = 
Handling and restraint 


No small experimental animal better repays daily 
handling and gentling with docility and cooperation. 
Rats can be .removed from their cage by picking 
them up by the tail but it is much easier to lift them 
out with a hand round the thorax. Persons who are 
nervous of the other animals in a box may find it 
helpful to lift the animal by the tail on to the right 
upper arm and then grasp it. 


identifi cation 


Ear punches (as for mice) or tattooing may be used, 
White rats can be marked with dyes or picric acid, 
again as for mice. 


Subcutaneous injection 


The maximum volume injectable is 0.4 ml. ‘The 
materials required are: a syringe and a hypodermic 
needle, 30 x 0.63mm., The assistant secures the 
rat by the neck and tail to enable the injection to 
be made in the same manner as for the rabbit. 


Intravenous injection 


Intravenous injections in rats are best made via the 
tail vein. The maximum volume injectable is 0.5 ml. 
The materials required are: a 1 mi syringe; a hypo- 
dermic needle, 15 x 0.5 mm; a beaker of water at 

40°C in an insulated (expanded polystyrene) jacket; 
cotton-wool swabs; and a V-box. 

The V-box is a polystyrene box about 30 x 30 cm 
by 20cm high, such as is used for pathological 
specimens. It has a V-shaped cut made in one side 
reaching to the base through which the rat’s tail is 
passed. The cut should be about 15 mm at the top 
narrowing to 5 mm at the bottom. Alternatively the 
rat may be rolled in a piece of towel, secured with 
safety pins, leaving the tail exposed. 


1. Partially fill the syringe and purge it of air. 

2. Place the rat in the box with its tail through 
the slot. Surround the tail with cotton-wool soaked 
in hot water to dilate the veins or warm it under a 
small lamp, taking care not to expose the rat to 
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excessive heat. Gently rub off any loose skin scales 
from the tail. 

3. Hold the tail draped over the forefinger. Insert 
the needle on top of the tail exactly along the centre 
line as if to make a subcutaneous injection. It should 
enter the vein. Blood may be seen to enter the 
syringe. 

4. Make the injection. Any resistance indicates 
that the needle is not correctly positioned. A new 
needle should be used for each injection. 


It may help to examine the tail of an albino mouse 
so that the location of the veins can be seen, ‘They are 
similarly placed in the rat. The lateral vein may be 
visible and more easily entered than the dorsal vein. 
This is a difficult technique to carry out and requires 
much practice. 


Intraperitoneal injection 


The maximum volume injectable is 12 ml. The 
materials required are: a syringe and a hypodermic 
needle, 25 x 0.5 mm. 


1. An assistant picks up the rat by placing the 
hand close to the head and turns the animal over so 
as to present the abdomen to the operator. 

2. Grasp both hind legs with the right hand and 
follow the injection procedure described for the 
rabbit, taking care to avoid the spleen and great 
vessels. | 


intramuscular injection 


The maximum volume injectable is 0.2 ml. The 
materials required are: a syringe and a hypodermic 
needle, 25 x 0.5 mm. Anaesthesia may or may not 
be found necessary, depending on the skill of the 
assistant. The technique is the same as that described 
for the rabbit. 


Collection of blood 


From retro-orbital plexus 


The volume obtainable from the retro-orbital plexus 
is up to 1 ml. The materials required are: anaesthetic 
apparatus; a glass pipette of Pasteur type with a tip 
not exceeding 1.5mm diameter or a heparinized 
capillary tube; and a sterile container for the blood. 


1. Anaesthetize the animal and then follow the 
procedure described for the mouse. Collect the 
blood with a pipette or, more conveniently, through 
a heparinized capillary tube and into a vial. 
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From the heart 


Blood samples taken directly from the heart can be 
collected repeatedly at weekly intervals from anaes- 
thetized animals. The maximum volume obtainable 
is 5 ml. The materials required are: a syringe; a 
hypodermic needle, 40 x 0.8 mm; and anaesthetic 
apparatus. | 


1. Follow the method described for the guinea- 
pig. Collect the blood slowly. 

2. When sufficient blood has been obtained, 
withdraw the needle quickly and allow the animal 
to recover. It is important that collection be com- 
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EXAMINATION OF WATER 


Supplies of drinking water contaminated with sewage 
or other excreted matter from man and animals 
may cause diseases such as typhoid fever, cholera, 
campylobacteriosis, amoebiasis and helminthiasis. 
In the interests of public health, supplies should be 
tested regularly to confirm their freedom from such 
contamination. It is impracticable to attempt directly 
to detect the presence of all the different kinds of 
water-borne pathogens, any of which may be present 
only intermittently. 

Instead, reliance is placed on testing the supply 
for microorganisms which indicate that faecal pollu- 
tion has taken place. These indicators are usually 
common intestinal commensal! bacteria which are 
universally present in, and excreted in large numbers 
by, man and animals and are rarely found in other 
sources. In themselves, they are not dangerous, but 
their presence indicates that faecal matter has entered 
the water supply, that the faecal bacteria have not 
been killed or removed by purification processes and 
that the supply is therefore liable to contamination 
with dangerous intestinal pathogens. 


indicator organisms 


Microorganisms for use as indicators of faecal pollu- 
tion should satisfy several criteria. They should be 
present in- faeces in greater numbers than any 
pathogen yet be unable to proliferate in water to any 
extent. Moreover, they should be more resistant 
than pathogens to the stresses of the aquatic environ- 
ment and disinfection processes. Usually a number 
of indicator organisms are sought. 


‘Coliforms’ (presumptive coliforms) 


These are bacteria that occur in large numbers tn 
faeces and sewage but are also found in the environ- 


ment in the absence of faecal contamination. Thus 
their presence in water does not necessarily signify 
faecal contamination. 

Traditionally, in water microbiology, these have 
been considered to be members of the Entero- 
bacteriaceae which grow in the presence of bile salts 
and produce acid and gas from lactose within 48 h at 
37°C (Department of the Environment et al 1982). 
In order to include anaerogenic bacteria and those 
that do not ferment lactose, the definition now 
applying in the UK has been amended (Department 
of the Environment 1989) so that coliforms are de- 
fined as members of the Enterobacteriaceae capable 
of growing at 37°C that normally possess $-galactosi- 
dase. This change in definition permits the intro- 
duction of rapid methods of enzyme detection to 
indicate the presence of coliforms. However, the 
inclusion of ‘normally’ will cause some B-galactosidase- 
negative strains to be classed as coliforms. As a con- 
sequence, more water samples will now fail because 
of higher total coliform counts. 

The total coliform count is widely regarded as 
the most reliable indicator of potable water quality. 


‘Faecal (or thermotolerant) coliforms’ 


These bacteria conform to the criteria for coliform 
organisms but are capable of growth (or expressing 
their properties) at 44°C. The term ‘faecal coliform’ © 
may be misleading because such organisms, parti- 
cularly for those isolated in the tropics, are not always 
of faecal origin. However, the presence of these 
organisms usually implies that serious contamination 
has occurred. 


Escherichia-coli or ‘faecal E. coil 


-E. coli is regarded as the essential indicator of 


faecal pollution of human or animal origin. Some 
countries specify this organism rather than faecal 
coliforms in water standards. In water microbiology, 
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this organism is defined as a thermotolerant coliform 
organism which ferments lactose (or mannitol) at 
44°C with the production of acid and gas within 
24 h and which also forms indole from tryptophan at 
this temperature (Department of the Environment 
et al 1982). 


‘Faecal streptococci’ 


These bacteria are the catalase-negative, Gram- 
positive cocci from the intestinal tract of man and 
animals, In human faeces they are usually less 
numerous than Escherichia col, whereas in animals 
the converse is usually true. Occasionally they may 
be found in small numbers in food and environ- 
mental samples not known to be subject to faecal 
contamination. These organisms have the Lancefield 
group D antigen, hydrolyse aesculin and can grow 
at 45°C and in the presence of azide and 40% bile. 
Such organisms which can survive 60°C for 30 min, 
and can grow at 10°C, at pH 9.6 and in 6.5% 
NaCl, are of the genus Enterococcus — E. faecalts and 
E. faectum being the commonest species in human 
faeces. Those cocci that do’not have this repertoire 
are either Streptococcus bovis or S. equinus, which are 
the predominant faecal streptococci in ruminants 
and horses respectively. S. bovis is also found in 
human faeces. Some faecal streptococci are more re- 
sistant than coliforms to chlorination and, excepting 
S. bovis, tend also to survive longer than coliforms 
in the environment. 


Sulphite-reducing clostridia 


As their title indicates, these are members of the 
genus Clostridium that can reduce sulphite to sul- 
phide. The most important organism of this group 
in the context of water microbiology is Clostridium 
perfringens. Although it is less numerous in human 
faeces than other indicator organisms, its spores 
can survive in the environment and treatment pro- 
cesses better than most of them. The presence of this 
organism in the absence of other indicators implies 
remote or intermittent faecal pollution. In treated 
water It indicates that treatrment has been effective 
in removing or killing vegetative cells of indicator 
organisms and hence any potential pathogen. 


Pseudomonas aeruginosa 


This organism can multiply rapidly in a wide va- 
riety of aquatic habitats yet it 1s not always found 
in human faeces. Because of these things it is not 
a good indicator of faecal pollution. However, it is a 
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particularly important opportunist pathogen and a 
cause of food spoilage. It may be important therefore 
to monitor water supplies in hospitals and pharma- 
ceutical and food establishments for its presence. 


Bacteriophages 


Bacteriophages that infect Escherichia coli can be 
used as indicators of faecal pollution of water 
(Borrego et al 1990). Moreover, they can be detected 
with speed and ease (Purdy et al 1985, Grabow & 
Coubrough 1986). Because their occurrence and 
resistance in the environment and to chlorine is 
similar to that of human enteroviruses, they may 
be a useful indicator of viral pollution. 


Collection of water samples 


1. For collection, use heat-sterilized bottles con- 
taining a sufficient volume of sodium thiosulphate 
to neutralize the bactericidal effect of any chlorine 
or chloramine in the water. Each bottle of 100 ml 
capacity should contain 0.1 ml of a fresh 1.8% (w/v) 
aqueous solution of sodium thiosulphate. 

2. When collecting the sample from taps, exercise 
extreme care to avoid contaminating it with bacteria 
from the environment, Allow water to run to waste 
for 2—3 min before running it into the bottle. When 
sampling from streams or lakes, open the bottle 
at a depth of about 30 cm with its mouth facing the 
current and ensure that water entering the bottle 
has not been in contact with the hand. Sample wells 
with weighted bottles. Collect at least 100 ml in each 
bottle. 

3. Stopper the bottle, label it with full details of 
the source of the water and time and date of collec- 
tion, and deliver it to the laboratory as quickly as 
possible, at least within 6h, keeping it in a cool 
container and protected from light. 


Counting of indicator organisms 


It is necessary not only to attempt to detect the 
presence of the indicator bacteria, but also to 
enumerate them, for the greater their number, the 
greater the danger of infection from the supply. 
The methods presented below are generalizations 
of statutory tests in the UK described in the De- 
partment of the Environment et al (1982) report 
“The bacteriological examination of drinking water 
supplies 1982’, to which reference should be made. 

As the number of indicator bacteria in the water 
may be small, large volumes of the water have 
to be cultured. Two methods are available for 
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this purpose, the multiple tube method and the 


membrane filtration method: Membrane filtration 
has advantages over the multiple tube test in requir- 
ing less labour and materials and in giving directly 
quantitative results earlier, so that any corrective 
action required to render the supply safe may be 
taken sooner. The multiple tube method has the 
advantages that it can show gas formation by the 
bacteria and is suitable for the examination of turbid 
waters containing small numbers of the indicator 
bacteria, ¢.g. waters containing numerous sapro- 
phytic bacteria that might suppress growth of the 
coliforms. Membrane filtration tends to give lower 
counts and more false-negative results with FE. coli 
than the multiple tube method (Tillett et al 1988). 


Muitiple tube test 


Measured volumes of water and dilutions of water 
are added to a series of tubes or bottles containing 
a liquid indicator growth medium. The media re- 
ceiving one or more of the indicator bacteria show 
growth and a characteristic colour change which are 
absent in those receiving an inoculum of water 
without indicator bacteria. From the number and 
distribution of positive and negative reactions, the 
most probable number (MPN) of indicator organ- 
isms in the sample may be estimated by reference 
to statistical tables. 

The indicator medium used most has been 
MacConkey broth containing bromocresol purple 
to indicate by its colour change to yellow the for- 
mation of acid from the lactose in the broth. The 
formula is given under Methods* and a powdered 
preparation is available commercially (e.g. Oxoid 
CM5a). An inverted Durham tube is placed in 
each bottle or tube of the medium. Bacteria capable 
of growth and the production of acid and gas in 
MacConkey broth are assumed to be coliform bacilli, 
i.e. ‘presumptive coliforms’. 

An alternative selective indicator medium is laury] 
tryptose broth* (e.g. Oxoid CM451) in which fer- 
mentation of lactose is judged by gas formation 
and the absence of a pH indicator dye allows 
indole production to be observed by the addition of 
rosindole reagent after growth. The medium most 
strongly recommended is the minerals modified 
glutamate medium containing lactose and bromo- 
cresol purple* (e.g. Oxoid CM607 base, to which 
sodium glutamate is added). In comparative trials 
it has given more isolations of FE. coli than either 
MacConkey broth or lauryl tryptose broth (e.g. 
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-PHLS Standing Committee on the Bacteriological 


Examination of Water Supplies 1969). 


Total coliform (presumptive coliform) 
count 


1. Place 50 ml and 10 ml volumes of indicator 
broth at double-strength concentration and 5 ml 
volumes at single strength into suitably sized bottles 
or tubes containing an inverted Durham tube. 
Cap and sterilize. After sterilization check that the 
Durham tubes are free from air bubbles. 

2. Invert the bottle containing the sample of 
water rapidly several times to mix and distribute 
any deposit. Aseptically discard a little of the water, 
replace the cap and shake the bottle up and down 
25 times. 

3. For waters of good quality, aseptically pipette 
one 50 ml volume and five 10 ml volumes of the 
water into vessels containing corresponding 50 ml 
and 10 ml volumes of double strength medium. 

For waters of doubtful quality, aseptically pipette 
one 50 ml volume and five 10 ml volumes of the 
water into vessels containing the corresponding 
volumes of double-strength medium, and five 1 ml 
volumes into vessels containing 5 ml of single- 
strength medium. 

For waters known to be polluted, aseptically pipette 
five 10 ml volumes into vessels containing 10 ml 
double-strength medium and five 1 ml volumes into 
vessels containing Simi single-strength medium. 
Then prepare a 1-in-10 dilution of the water in 
quarter-strength Ringer’s solution® and, if necessary, 
to give some negative reactions, higher 10-fold dilu- 
tions. Pipette five 1 ml volumes of the 1 in 10 dilution 
and five 1 ml volumes of any higher dilution into 
tubes containing 5 ml of single-strength medium. 

4. Incubate the seeded media aerobically at 37°C. 

5. After 24h and 48h of incubation, inspect the 
media and note the number of cultures of each 
volume of water that show the production of acid 
(colour change) and gas (a bubble large enough to 
fill the concavity at the top of the Durham tube). 
These acid- and gas-producing cultures are con- 
sidered ‘presumptive positive’ growths of coliform 
bacilli, e.g. escherichia, klebsiella or citrobacter. 
Cultures not showing production of both acid and 
gas at 48 h are considered negative. 

6. By reference to tables of most probable 
numbers (Methods: 2)* in respect of the combination 
of positive and negative results observed, read off 
the most probable number (MPN) of presumptive 
coliform bacilli present in 100 ml of the sampled 
water. | 
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Faecal coliform and confirmed 
Escherichia coli count: Eijkman test 


Some spore-bearing bacteria give false-positive reac- 
tions in the presumptive coliform test. Their presence 
is most likely to be misleading in the examination of 
chlorinated drinking water, for the spores are more 
resistant to chlorination than coliform bacilli. It 1s 
necessary, therefore, to confirm the presence of true 
(‘faecal’) coliform bacilli in each vessel showing a 
presumptive positive reaction and it may be neces- 
sary to determine whether these coliform bacilli are 
E. coli. The Eijkman test is used for this purpose, 
as it gives valid results with inocula of mixed bacteria 
from the cultures grown in the presumptive coliform 
test and does not require the preliminary isolation of 
the bacteria in pure culture. 

The test is done by incubating subcultures from 
the positive presumptive tests at 44°C and 37°C 
in a lactose-containing medium inhibitory to spore- 
forming bacteria, e.g. Jauryl tryptose broth* or 
brilliant-green lactose bile broth,* and other sub- 
cultures at 44°C in tryptone water.* The presence 
of coliform bacilli is confirmed by the production of 
gas from lactose at 37°C. That of E. coli is confirmed 
by the production at 44°C of gas from lactose 
and indole from tryptophan. Two atypical types of 
E. coli, known as irregular types I] and VI (Wilson 
et al 1935), are unable to form indole at 44°C, but 
are rarely found in British water supplies. The for- 
mation of indole at 44°C without the formation of 
gas from lactose at 44°C, even if acid is formed, are 
the reactions of bacteria other than E. colt. 


1. Prepare tubes containing 5-10 ml of either 
lauryl tryptose (lactose) broth* or brilliant-green 
lactose bile broth* and an inverted Durham tube, and 
other tubes containing 5-10 ml tryptone water.* 
Sterilize and check afterwards that the Durham tubes 
are free from gas bubbles. 

2. Before inoculation, incubate the lactose media 
in thermostatically controlled water-baths at 44.0 + 
0.25°C, and at 37°C, and the tryptone waters at 
44.0 + 0.25°C. 

3. When the media have reached the incubation 
temperature, inoculate a loopful or drop of each 
presumptive positive culture into a tube of the lactose 
medium at 37°C, another tube of the lactose medium 
at 44°C and a tube of tryptone water at 44°C. 
Immediately re-incubate the tubes in the water-baths 
at their correct temperature. 

With each batch of tests, include and treat similarly 
control cultures known to give the appropriate 
positive (E. colt) and negative (Klebsiella aerogenes) 
results. 
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4. Remove the tubes incubated at 44°C after 24 h. 
Add a few drops of Kovac’s reagent (Ch. 7), or the 
essentially similar rosindole reagent of Ehrlich, to 
the tryptone water cultures, also if desired to. the 


lauryl tryptose cultures. After a few moments check © 


that the reactions of the control organisms are cor- 
rect. Then examine each culture for gas production 
and indole formation and record the results. 


5. Remove the tubes incubated at 37°C after - 
48 h, examine them for gas production and record © 


the results. 

6. Refer to the tables of most probable numbers.* 
From the combination. of positive and negative 
results for gas production at 37°C, read off the most 
probable number of coliform bacilli per 100 mi of 
water. This value is known as the confirmed coliform 
count. From the combination of positive and nega- 
tive results for gas and indole production at 44°C, 
read off the most probable number ‘of E. coli per 
100 ml of water. This latter value is known as the 
confirmed E. coli count. 


Count of faecal streptococci 


If there is difficulty in interpreting the results of _ 
the presumptive coliform and confirmed E. col tests, 
as when presumptive coliforms are present but - 


E. coli is absent, a demonstration of the presence 
of faecal streptococci will confirm the faecal origin 
of the coliform bacilli. 


1. Incubate tubes containing 5 ml sterile glucose 
azide broth* in a water-bath thermostatically con- 
trolled at 44-45°C. (Sodium azide is highly toxic and 
forms explosive compounds with metals. Exercise 
extreme care in preparing and discarding the medium.) 

2. When the tubes have warmed to the incubation 
temperature, seed them with heavy inocula from 
all the tubes in the presumptive coliform test that 
showed the formation of either acid and gas, or acid 
only. Immediately re-incubate at 44-45°C. 

3. After incubation for 48 h, inspect the cultures 


for acid production shown by a yellow colour change 


in the bromocresol purple in the medium. Those 
producing acid contain faecal streptococci. 

4. Confirm the presence of faecal streptococci by 
subculturing each pobitive glucose azide culture on 
to a plate of bile aesculin azide agar* incubated at 
44-45°C, 

5. Examine the plates after a few hours’ incubation 
for a brown-black colouration around the inoculum, 


' which is evidence of hydrolysis of the aesculin and 


confirms the presence of faecal streptococci. | 
6. Refer to the tables of most probable numbers* 


ie 


and from the proportion of tubes in the presumptive 
coliform test from which a confirmed streptococcal 
result was obtained, determine the most probable 
number of faecal streptococci in 100 ml of the water 
sample. 


Count of sulphite-reducing Clostridia 


and Clostridium perfringens 


C. perfringens is a normal inhabitant of the intestine. 
Although present in smaller numbers than E. coli, 
its spores can survive in water for long periods and 
persist when all other faecal bacteria have died. An 
examination for their presence in water is valuable 
in demonstrating remote or intermittent pollution, 
and in confirming the presence of faecal pollution 
when only coliforms other than £. coli are cultured 
from the water. 

A count is made of the spores of sulphite-reducing 
clostridia by first heating the water sample to kill 
all vegetative bacteria and then doing a multiple tube 
test by culturing it in differential reinforced clostridial 
medium (DRCM).* This medium contains cysteine 
to permit the growth of anaerobic clostridia and a 
combination of sodium sulphite and ferric citrate 
to reveal any growth of sulphite-reducing bacteria 
by the production of a black precipitate of ferrous 
sulphide. 


1. Kill vegetative bacteria by heating the water 
sample in a water-bath for 10 min at 75°C, Control 
the heating by having beside the sample in the 
water-bath an equal volume of tap water and a 
thermometer in the same kind of container as the 
sample. Start timing the heating period when the 
thermometer in the tap water reaches 75°C. 

2. Aseptically add 50 ml] of heated sample to a 
vessel containing 50 ml double-strength differential 
reinforced clostridial medium (DRCM)*, five 10 ml 
volumes of the sample to vessels containing 10 ml 
double-strength DRCM, and five 1 ml volumes to 
vessels containing 25 ml single-strength DRCM. If 
the water may be highly polluted, 1 ml volumes 
of a l-in-10 and a 1-in-100 dilution of the sample 
should be cultured in other vessels containing 25 ml 
single-strength DRCM. The culture vessels should 
be stout screw-capped glass bottles of a size just 
sufficient to hold the water and the medium. If 
necessary, aseptically add single-strength DRCM 
to the bottles until the level reaches the foot of the 
neck of the bottle; this arrangement minimizes the 
content of residual air. 

3, Screw the caps on the bottles tightly and place 
the bottles in plastic bags to retain their contents 
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should they explode during incubation. Incubate 
them for 48 h at 37°C. 

4. After incubation, examine the bottles for 
blackening of the medium, a reaction that can be 
given by any species of Clostridium. Refer to the 
probability tables,* read from the combination of 
positive and negative results the most probable 
number of spores of sulphite-reducing clostridia 
in 100 ml of water sample and hence calculate the 
number in a 20 ml water sample. 

5. If required by legislation, examine for the 
presence of C. perfringens in the positive, sulphite- 
reducing cultures by subculturing a loopful from 
each such culture irito a separate tube of litmus milk 
medium (Ch. 7) that has been freshly steamed and 
cooled and to which a piece of iron wire or nail 
heated to redness has just been added. The litmus 
milk should be at least 70 mm deep. Incubate in air 


for up to 48 h at 37°C. . 


6. After incubation, and at 48h, observe the 
tubes for production of the ‘stormy clot’ reaction, 1n 
which, through fermentation of the lactose, the milk 
is acidified and coagulated and the clot is disrupted 
by bubbles of gas and often blown to the top of 
the tube. This reaction indicates that the inoculated 
cultures contained C. perfringens. 

7. Refer to the probability tables* and read from 
the combination of positive ‘stormy clot’ results in 
litmus milk and negative results in both litmus 
milk and DRCM the most probable number of 
C. perfringens spores in 100 ml of water sarnple. 


Membrane filtration tests 


In this method, a measured volume of the water 
sample is filtered through a membrane with a pore 
size small enough to retain the indicator bacteria 
to be counted. The membrane is then placed and 
incubated on a selective indicator medium, so that 
the indicator bacteria grow into colonies on its upper 
surface. These colonies, which are recognized by 
their colour, morphology and ability to grow on the 
selective medium, are counted. 


Filtration procedure 


1. The filtration apparatus (e.g. from Sartorius) 
consists of a base supporting a porous disc under a 
graduated funnel. Sterilize the apparatus by auto- 
claving. Then connect the base to a vacuum source. 

2. Procure from a commercial source (e.g. Sartorius) 
filter membranes of high quality, control grade, 
47 mm in diameter and 0.45 um pore size. If pur- 
chased unsterile, sterilize them by autoclaving for 
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10 min at 115°C or by boiling in distilled water for 
10 min at 100°C. Avoid over-heating, which wiil 


impair the filtration properties of the membrane. 


Use each membrane only once. 

3. Remove the funnel from the apparatus and 
with flamed and cooled flat-ended forceps, grasp the 
edge of a sterile membrane and place it, grid side 
up, over the porous disc. Replace the sterile funnel 
securely on the filter base. 

4. While the vacuum is still turned off, pour or 
pipette the requisite volume of the water sample 


into the funnel. The volume should be chosen so that. 


the colonies to be counted on the membrane will 
number between 20 and 200. For chlorinated waters, 
filter a 100 ml volume. For unknown waters, filter 
a range of different volumes from 10-100 ml. For 
polluted waters, filter volumes smaller than 10 ml, 
but add at Jeast 20 ml sterile water to the filter before 
addition of the sample to ensure dispersion of the 
bacteria over the membrane. 

- When filtering different volumes of the same 
sample, the funnel can be re-used without boiling 
between uses provided that the smallest volumes are 
filtered first. When filtering different samples, always 
sterilize the funnel in boiling water and allow it to 
cool between its use for each sample. Always filter 
pure and chlorinated samples before samples known 
to be polluted. ? 

5. Filter the sample slowly through the membrane 
by applying a vacuum of about 500 mm of mercury. 
Stop the evacuation as soon as the sample has been 
filtered so that as little contaminated air as possible 
is drawn through the membrane. 

6. Remove the funnel and aseptically transfer the 
membrane, Keeping its upper side upwards, on to a 
sterile paper pad saturated with a selective indicator 
broth or on to a plate of selective indicator agar 
medium (see below). Ensure that no air bubbles are 
trapped between the membrane and the medium. 

The absorbent paper pads should be free from 
toxic substances, approximately 1.4mm thick and 
of at least as great a diameter as the membrane 
(e.g. from Sartorius). If unsterile, they can be steri- 
lized in foil-wrapped bundles by autoclaving for 
20 min at 121°C. Place the pads in separate sterile 
Petri dishes before soaking with the special! mem- 
brane medium. Pour off any excess medium from the 
Saturated pad either before or after the membrane 
is in position so as to prevent the erroneous forma- 
tion of confluent growth on the membrane. Alterna- 
tively, purchase sterile nutrient pads impregnated 
with the appropriate sterile dry medium and simply 
add 3—3.5 ml sterile distilled or de-ionized water. 

7. Incubate the plates holding the membranes 
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under appropriate conditions. If incubation is for 
several days, the Petri dishes containing absorbent 
pads should be held in polythene bags or airtight 
tins containing wads of cotton wool moistened with 
water to prevent the pads drying out. 

8. After incubation, immediately count the charac- 
teristic colonies in a good light and with the aid of a 
magnifying glass. Express the result as the number 
of indicator bacteria per 100 ml of water sample. 


Total coliform (presumptive coliform) count by 
filtration 


For this test the membranes are cultured on pads 
soaked with membrane lauryl sulphate broth* (e.g. 
Oxoid MM615), or an equivalent medium, which 
is inhibitory to many non-coliform bacteria and on 
which, because it contains lactose and phenol red, 
the coliforms grow as yellow-coloured colonies. 


1. Filter the water samplé as directed above.” 

2. Incubate the membranes on pads soaked with 
membrane lauryl sulphate broth first for 4h at 
30°C and then for 14h at 37°C. 

3. Immediately on removal from the incubator, 
count all the yellow colonies irrespective of size and, 
with reference to the volume of water filtered, calcu- 
late the number of presumptive coliform bacteria 
per 100 ml of sample. 


Confirmed coliform (faecal coliform) and 
Escherichia coli counts by filtration 


As some non-coliform bacteria that produce acid 
but not gas from lactose can form yellow colonies in 
the presumptive coliform test, the number of yellow 
colonies that are coliforms must be confirmed by 
demonstration of gas formation at 37°C, and the 
number that are EF. coli by demonstration that they 
can form acid and gas from lactose or mannitol 
at 44°C and indole from tryptophan at 44°C. 


1. Subculture every yellow colony, or a sufficient 
representative number of them, from the membranes 
cultured for the presumptive coliform count, each 
into two tubes of jactose peptone water with phenol 
red* containing an inverted, medium-filled Durham 
tube, and a tube of tryptone water.* An acceptable 
alternative medium for a single-tube test for con- 
firming the presence of E. coli through gas production 
and indole formation at 44°C is Lauryl Tryptone 
Mannitol Broth with tryptophan (Oxoid CM831). 

2. Incubate one of the tubes of lactose peptone 
water at 37°C and the other at 44°C. Incubate the 
tryptone water at 44°C. After about 6 h, subculture 
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growth from the lactose peptone water incubated at 
37°C on to a plate of nutrient agar; incubate this 
plate at 37°C and re-incubate the tube at 37°C. 

3. After 24h incubation; (a) do an oxidase test 
(Ch. 7) on the colonies on the nutrient agar plate; 
(b) add a few drops of Kovac’s reagent (Ch. 7) to 
the tryptone water cultures and look for the devel- 
opment of a pink colour denoting indole formation; 
(c) inspect the lactose peptone water cultures for the 
formation of acid (yellow colour change) and gas, re- 


incubating those that are negative for re-examination 


after a further 24h at 37°C. 

Yellow colonies on membranes are confirmed as 
being coliform bacteria if they are oxidase negative 
and form acid and gas in lactose peptone water 
incubated at 37°C. The oxidase test is required to 
exclude those Aeromonas species that form acid and 
gas from lactose but are oxidase positive. 

Yellow colonies on membranes are confirmed as 
being E. coli if they are oxidase negative, form acid 


~ and gas in lactose peptone water incubated at 44°C 


and form indole in tryptone water incubated at 44°C. 

4, From the results, calculate the confirmed coli- 
form count and the confirmed FE. coli count per 
100 ml water sample. 


Faecal streptococcus count by filtration 


1. Filter the water sample as detailed above. 

2. Place the membrane on a surface-dried plate 
of membrane enterococcus agar* (Slanetz & Bartley 
medium, Oxoid CM377) and incubate for 48h at 
37°C. 

3. Count all red, maroon and pale pink colonies 
as being presumptive faecal streptococci. 

4. Subculture these presumptive colonies on to 
slopes of bile aesculin azide agar* and incubate for 
a few hours in a water-bath at 44—45°C, Inspect 
the slopes for the development of a brown-black 
colour, which confirms the presence of a faecal 
streptococcus. 

5. Calculate the number of confirmed faecal 
streptococci per 100 mi water sample. 


Sulphite-reducing clostridia and Clostridium 
perfringens count by filtration 


1. Kall vegetative bacteria by heating the water 
sample at 75°C as described for the multiple tube 
test above and, after cooling, filter an appropriate 
volume through a membrane. 

2. Place the membrane face upwards either (a) on 
a surface-dried plate of membrane clostridial agar* 


or (b) on the base of a small Petri dish (ensuring no - 


— = 2 


EXAMINATION OF WATER, MILK, FOODAND AIR & 


air bubbles are trapped) over which 18 ml molten 
membrane clostridial agar cooled to 50°C is carefully 
poured and allowed to set. 

3. Incubate the plates in an anaerobic cabinet 
or jar at 37°C. 

4. After 24h and 48h of incubation, count all 
black colonies on the plates as being sulphite- 
reducing clostridia. 

5. If required by legislation, subculture each black 
colony into a tube of freshly steamed and cooled 
litmus milk medium containing an iron nail as 
described for the multiple tube test above. Incubate 
for 48 h at 37°C. 

6, Count the colonies that produce a ‘stormy clot’ 
as C. perfringens and calculate the count of confirmed 
C. perfringens per 100 ml water sample. . 


Piate count 


The plate count expresses the number of all colony- 
forming bacteria in 1 ml water. It is of limited value 
by itself, but as a supplementary test it provides 
information about the amount and type of organic 
matter in the water which may be useful in indicating 
the efficiency of the processes used for water treat- 
ment or the suitability of the water for large-scale 
production of food and drink. 

Separate plate cultures are incubated at 20—22°C — 
and at 37°C. That at 20-22°C grows mainly the 
natural saprophytes of soil and water, whilst that 
at 37°C grows mainly parasitic bacteria derived 
from human and animal excretions. The true number 
of viable bacteria and yeasts in the water will be 
in excess of the counts on these plates, for many of 
the microorganisms occur in clumps and many fail 
to grow under the cultural conditions used. 


1. Melt sterile yeast extract agar (Oxoid CM19)* 
and cool it to and maintain it at 50°C until ready to 
pour plates, 

2. Shake the bottle of water sample as described 
for the multiple tube test above. Then aseptically 
prepare a senes of 10-fold dilutions of the water 
by successively transferring 10 ml volumes through 
a series of bottles holding 90 ml sterile quarter- 
strength Ringer’s solution® as diluent. According to 
the count expected, one or two or, rarely, three 
dilutions will be required. 

3. Starting with the highest (most dilute) dilution 
of the sample and working towards the undiluted 
sample, aseptically pipette exactly 1 ml] of the dilution 
or sample into each of four sterile Petri dishes. 

4. To each plate add 15 ml molten, cool (50°C) 
yeast extract agar and immediately, and for a brief 
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period, gently rotate the plate clockwise and then 
anticlockwise to mix the water with the medium. 
Then leave the agar to set. The interval between 
preparing the dilutions and mixing them with the 
agar should not exceed 15 min. 

5. Incubate two of the four plates of each dilution 
for 3 days at 20-22°C and the other two for24h+3h 
at 37°C (or for 48 h at 37°C in some countries), 

6. Immediately after these periods of incubation, 
‘count the colonies on each plate. If there has to be 
any delay, meantime refrigerate the plates at 4°C, 
but count them at least within 24h. For counting, 
use an illuminated colony counting apparatus fitted 
with a magnifying lens and an automatic count 
recorder. Select for counting the dilution plates 
‘that bear between 30 and 300 colonies. Multiply the 
mean count by the dilution to obtain the plate counts, 
expressed as the number of colonies per ml water 
sample after 3 days at 20—22°C or 24h at 37°C. 

If there are less than 30 colonies on the plate from 
the undiluted sample, report the count as ‘approxi- 
mate only’. If the plates from the highest dilution 
contain more than 300 colonies either try to count 
them and report the result as approximate or express 
the result as ‘more than x colonies per ml’, calculating 
x as the dilution factor multiplied by 300. 


Novel methods 


The change in the definition of ‘coliform’ in the 
UK (Department of the Environment 1989) has 
permitted methods for detecting enzymes specific 
to indicator organisms to be used as an alternative 
and often more rapid way of demonstrating or con- 
firming their presence. Thus the demonstration in 
single colony subcultures of }-galactosidase in 2-4 h 
as opposed to acid and gas production from lactose 
after overnight incubation confirms the presence 
of coliform bacilli. Confirmation of the presence of 
E. coli is made by performing analogous tests for 
B-glucuronidase, which is present in 94-97% of 
E. coli isolates from man and the environment (Kilian 
& Bulow 1976, Sarhan & Foster 1991) and some 
shigellas and salmonellas, but is absent from other 
coliforms. Media have now been devised for the 
primary isolation and enumeration of coliform bacilli 
and E. coli simultaneously by the use of a chromo- 
genic substrate for B-galactosidase and a fluorogenic 
substrate for f-glucuronidase such as MUG (4, 
methylumbelliferyl-B-glucuronide) (Oxoid BR71) 
whose fission product fluoresces blue/green under 
long wave (366 nm) UV radiation. 

Some workers (Joret et al 1989) have investigated 
the use of antibody to detect in water FE. coli antigens 
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such as OmpF (an outer membrane protein) and 
alkaline phosphatase. Others (Bej et al 1990) have 
used PCR to detect indicator organisms in water, 


and have used targets within Jac Z and lam B to indi-. _ - 


cate respectively the presence of coliforms and E. colt. 
The major problem with both these latter methods, 
however, is that dead cells as well as living ones ar 
detected. s 


Interpretation of counts 


Escherichia coli is the most numerous coliform in 
human and animal intestines and is derived almost 
exclusively from these sources, It does not survive 
long in water. It is therefore the best indicator of 
recent human or animal faecal] pollution. Its presence 
in water indicates a potentially dangerous pollution, 
high counts a heavy or recent pollution and low 
counts a slight or more remote one, 

Other coliform bacilli, e.g. klebsiellas and citro- 
bacters, are much less abundant in faeces than E. colt 
and enter water mainly from soil and vegetation, 
where they grow as saprophytes. They also survive 
longer in water than E. coli, Their presence in water 
may therefore indicate either contamination from 
soil and vegetation or contamination with faecal 


material at a time remote enough to have allowed the 


E. coli bacteria to die out. The presence of any coli- 
form bacilli in chlorinated water indicates either a 
failure of the chlorination process or contamination 
after chJorination, and the fault should at once be 
investigated and corrected. 

Faecal streptococci are less abundant in faeces 
than E. coli and are often more abundant in animal 
than human faeces. Speciation of isolates may help to 
trace the source of pollution, for Streptococcus bovis 
is usually derived from cattle and sheep, S. equinus 
from horses and Enterococcus avium from birds; 
E. faecium and E. durans are derived from both man 
and animals, and E. faecalis more often from man. 
Faecal streptococci survive longer in water than 
E. coli and are more resistant to chlorination than 
the coliforms. Their presence with coliforms, despite 
the absence of E. coli, confirms faecal pollution of the 
water. 

Clostridium perfringens is present in faeces in even 
smaller numbers than the streptococci and is the 
least sensitive indicator of faecal pollution. But its 
spores may survive chlorination and persist in water 
much longer than the other indicator bacteria, so 
that finding it in the absence of the latter implies 
an intermittent or remote pollution, or the result of 
chlorination in killing the vegetative bacteria, and 
thus any bacterial pathogens in recently polluted 
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water. In these circumstances the spores themselves 
do not constitute a hazard to health when the water 
is used for drinking, but the finding of C. perfringens 
as well as coliform bacilli is suggestive of faecal 
pollution even in the absence of E. coli. 

The plate count, as already described, is useful 
mainly for purposes other than assessing water safety, 
but a sudden increase in the count at 37°C may be 
an early sign of pollution and should be investigated. 
Variation in the count at 22°C usually reflects a 
change in the season or environment and is of little 
significance to health. 


Waterborne protozoa 


Both Giardia intestinalis and Cryptosporidium spp can 


be transmitted-in water and cause large outbreaks 
of infection. The oocysts of these organisms are re- 
sistant to the concentration of chlorine used in water 
treatment, so that treatment to acceptable bacterio- 
logical standards may not guarantee that water is 
free from these parasites. For methods of isolating 
and identifying them see HMSO (1989). 


Bacteriological standards of water quality 


Water intended for human consumption should 
not contain pathogenic organisms. The present UK 
standards for all water (including private supplies) 
for drinking, washing or cooking include and extend 
those in the EEC Drinking Water Directives (75/440 
EEC, 79/869/EEC, 80/778/EEC) to make them even 
more stringent. They are detailed in the Water 
Supply (Water Quality) Regulations 1989 which 
should be consulted. 

The standards and sampling frequencies required 
are presented in Tables 51.1 and 51.2. It should 
be noted that the frequency of analysis for faecal 
streptococci and sulphite-reducing clostridia is not 
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specified. The spores of sulphite-reducing clostridia 
are not always inactivated by normal chlorination 
methods. Because they are not normally hazardous 
to health in small numbers, it is permissible for 
them to be present in potable water if they do not 
exceed 5 per 100 ml] water. 

Guide levels for plate counts are not specified 
in the UK Water Regulations 1989. However, in the 
EEC Directive 80/778 they are set at 10 and 100 per 
ml for plate counts at 37°C and 22°C respectively, 
but no maximum limit is specified. Action should 
be taken if a sudden or unexpected increase occurs, 
particularly in culture tests at 37°C, or if there is a 
significant trend of increase over a prolonged period. 

The UK standards require that water leaving 
treatment works, service reservoirs and water towers 
must be free from coliform organisms. However, 
it is accepted that water of such excellent quality on 
entering the distribution system may deteriorate 
before reaching the customer’s tap and it is permis- 
sible for only 95% or more of the annual samples to 
be free from coliforms. 

In the UK, natural mineral water is subject to 
the Natural Mineral Water Regulations 1985. This 
specifies that sample volumes for detection of indi- 
cator organisms should be 250ml and 50 ml for 
clostridia. For bottled water including ‘spring water’, 
‘spa water’ and ‘table water’, the EEC directive 
80/778 requires that within 12h of bottling, the 
guidelines for plate counts at 22°C and 37°C respec- 
tively are 20 and 5 bacteria per ml and the maximum 
permitted number of bacteria is 100 and 20 per ml 
respectively, 


Examination of water for pathogens 


When water is suspected of transmitting a particular 
infection, an attempt may be made to isolate the 
causal pathogen from it. Large samples have to be 
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examined by the use of concentration techniques 
and selective culture media. we 

Filtration. If the water is clear, concentration 
may be done by the membrane filtration method 


” described above, using 500 ml funnels. If it is turbid, 


a sterile absorbent pad should be substituted for the 
filter membrane. Before filtering, a sterile suspension 
of Filter-Aid,* a powdered kieselguhr, is poured 
cover the pad. This retains the bacteria, but is porous 
enough to enable large volumes of turbid water to 
be filtered without blockage. After filtration, the 
pad with the layer of Filter-Aid is transferred to a 
pre-enrichment medium. 

Sewer swab. The method described by Moore 
(1948) for the isolation of enteric bacteria from 
sewers may be used. Fold a piece of gauze 1200 cm x 
150 cm into eight thicknesses and attach a length 
of wire or string. Suspend the swab in flowing water 
or sewage for 48h so that it may entrap and con- 
centrate a proportion of the passing bacteria, then 
transfer it into a sterile wide-mouthed, screw-capped 
jar for delivery to the laboratory. 

Resuscitation and selective culture. Resuscitate the 
bacteria on the swab or filter pad by placing this 
in a non-selective medium such as buffered peptone 
water* and incubating for 24h at 37°C. Then 
make subcultures in selective and enrichment media 
appropriate to the species of pathogen being sought. 

Legionella. Methods of examining a water supply 
for the presence of legionella bacteria are discussed 
in Chapter 29. 


Examination of swimming-pool water 


Swimming pools may .be infected with pathogens 
derived from bathers or from a contaminated water 
supply. If, however, the pool is chlorinated and 
free chlorine maintained at an effective level, i.e. 1 
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part per million, or 2 p.p.m. in heavily used pools, 
never falling below 0.5 p.p.m, regular bacteriological 
examination may be unnecessary. . 

When such examination-is required, samples of 
water should be collected in containers holding 
sufficient scdium thiosulphate to neutralize the 
high level of residual chlorine, and coliform and plate 
counts should be performed. The water may be 
regarded as satisfactory if coliforms are absent from 
100 ml samples and the plate counts at 37°C show 
no more than 10 colonies/ml in 75% of the samples 
and no more than 100/ml in the remainder. 
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EXAMINATION OF MILK _ 


Human infections may be caused by the ingestion 
of animal milk which contains microorganisms de- 
tived either from the animal, e.g. by contamination 
with its faeces, or from the environment or from milk 
handlers such as dairy workers. To minimize the 
risk of such infection from commercial supplies, and 
also to improve the keeping quality of the milk, 
certain precautions are taken. These include the 
maintenance of dairy herds free from dangerous 
infections such as tuberculosis and brucellosis, the 
maintenance of clean conditions of collection and 
storage to minimize faecal and other contamination, 
and the treatment of milk by heat, e.g. pasteurization, 
to kill pathogens and spoilage bacteria. 

In the UK the present legislation regarding the 
microbiological testing of milk, cream and milk- 
based drinks is contained in the following Statutory 
Instruments: - | 


Whole milks — the Milk (special Designation) Regula- 
tions 1989, SI 1989 no, 2383; . 
Semi-skimmed/skimmed milks — the Milk and Dairies 
(Semi-skimmed and Skimmed Milk) (Heat treat- 
ment and Labelling) Regulations 1988 SI 1988 
no. 2206; 

Cream — the Milk and Dairies (Heat treatment of 
Cream) Regulations 1983 SI 1983 no. 1509; 

Milk. drinks — the Milk based Drinks (Hygiene and 
Heat treatment) Regulations 1983 SI 1983 no, 
1508. 


These documents are available from Her Majesty’s 
Stationery Offices and tests should be carried out 
exactly as described in them. 

This legislation is likely to be superseded by the 
EEC Directives 91/180/EEC and 92/46/EEC which 
detail the methods of analysis and testing of raw milk, 


heat-treated milk and milk-based products and the 


as 
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standards which are acceptable. These documents 
should also be consulted. 

In general there are the following categories of 
milk: 


1. Raw (untreated) milk. This is milk from healthy 
cows, buffaloes, sheep and goats that are tuber- 
culosis-free and brucellosis-free, and which has not 
been heated beyond 40°C. If it fulfils certain criteria ° 
(see Table 51.3) it may be processed further or in 
some countries drunk directly. It should pass the 
30 min methylene blue reduction test (see below). 

2. Lhermized milk. This is raw milk that has been 
heated for at least 15 seconds at a temperature 
between 57°C and 68°C such that after treatment 
it gives a positive phosphatase reaction (see below). 
This treatment is used to delay deterioration prior 
to the milk being subject either to further heat 
treatment or further processing. It can be used for 
the production of pasteurized, ultra-heat-treated or 
sterilized milk if it gives a plate count at 30°C of no 
more than 100 000 c.f.u./ml. 

3. Pasteurized milk. This is raw or thermized milk 
heated to a high temperature for a short time, e.g. 
71.7°C for 15 seconds (or an equivalent time/ 
temperature combination that brings about an equi- 
valent effect) and immediately cooled to no more 
than 6°C, It should show a negative phosphatase re- 
action and pass the 30 min methylene blue reduction 
test (see below). | 

4. Ultra-heat-treated (UHT) milk. This is raw or 
thermized milk subject to a continuous flow of 
heat not less than 135°C for not less than 1 second so 
that all spoilage microorganisms and their spores 
are destroyed. It should have a colony count of less 
than 1000/ml after a 48h incubation at between 
30°C and 37°C on yeast extract milk agar.* 

5. Sterilized milk. This is raw or thermized milk 
that has been heated at 100°C in sealed containers 








Use of raw milk 


ee 


For production of heat-treated drinking milk, fermented milk, 
_junket, flavoured milk, cream == 
For other milk-based products involving heat treatment 


For direct consumption or products not involving heat treatment 
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Acceptable plate count/ml* at 30°C of raw milk from: 





* Geometric average over 2 months with at least two samples per month. 
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for such a period that it passes the turbidity test (see 
below). 


For other categories of milk, see Chapter 11 in the 
13th edition of this book. 


Sampling milk 

If the milk is contained in retail bottles or cartons, 
one such unopened container constitutes the sample. 
If in a bulk container, it must be mixed thoroughly 
with a sterile plunger before a sample is collected 
from well below the surface with a sterile dipper 
and aseptically poured into a sterile screw-capped 
container of a capacity only slightly greater than 
that of the sample. The samples should be placed in 
an insulated box, preferably maintained at 0-4°C, 
dispatched to the laboratory without delay and exam- 
ined as soon as possible after arrival, and within 
24 h, except for samples of raw milk for the methyl- 
ene blue test and samples of sterilized and UHT 
milk which require preliminary holding at particular 
temperatures (see below) before plate counts are 
performed. 


Tests 


It is essential in the analysis of milk and milk-based 
products that the range of tests performed and the 
methodology conform exactly to current national 
legislation. In the UK there are no legal requirements 
for tests and standards of non-bovine milk. However, 
it is considered that these should be no less stringent 
than those for bovine milk. 


Methylene biue test 


This old test was a rapid and inexpensive way of indi- 
cating poor quality milk that had been unrefrigerated. 
The basis of the test is that the length of time for 
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Cow Sheep, goat, buffalo 
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=4x 10° = 10° 

(= 1x 10° from 1/1/98) | 

= 10° = 5x 10° 


and no more than 500 Staphylococcus aureus/m|. Counts 
between 500 and 2000 are permitted in no more than 2 of 5 
samples 
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bacterial dehydrogenases to reduce methylene blue 
dye and decolourize it is an indicator of the number 
of viable bacteria in the milk. For unrefrigerated 
milk there is a consistent relationship between the 
bacterial count and the dye reduction time. ‘Today 
there is greater use of refrigeration in the storage 
of milk both before and after heat treatment and 
the predominant organisms in refrigerated milk 
are psychrotrophs which have low dehydrogenase 
activity. Consequently for refrigerated milk there 
is less correlation between dye reduction time and 
bacterial count than there is for unrefrigerated milk. 
Nevertheless, in the UK, the test remains statutory 
for pasteurized and raw milk. 


1. Because the time of reduction is affected by 
the temperature at which the milk is held before 
testing, the samples must be held until the time of 
testing as follows: (a) from 1 May to 31 October, 
samples must be held at atmospheric shade tempera- 
ture, and (b) from 1 November to 30 April, samples 
must be held at atmospheric shade temperature until 
5 pm on the day of sampling, thereafter at 17—20°C. 
The test should not be done if the atmospheric shade 
temperature exceeds 21°C. : 

2. Prepare a 1 in 300 000 solution of methylene 
blue by dissolving a standard methylene blue tablet 
from‘an approved manufacturer (e.g. BDH) in 200 ml 
cold sterile glass-distilled water and making up to 
800 ml with more of such water. Store the solution 
in the dark in a refrigerator and use within 2 months. 

3. Mix the milk sample thoroughly by inverting 
it about 25 times. 

4. Aseptically pipette 10 ml of the sample into 
a sterile (152 x 16mm) test tube which has been 
covered with an aluminium cap during sterilization 
in a hot air oven. | 

5. Add 1 ml of methylene blue solution with a 
1 ml sterile pipette. 

6. Stopper the tube with a rubber stopper that 
has been sterilized in boiling water. Then invert it 
once or twice to mix the contents. 

7. Place the tube for 30 min at 37°C in a thermo- 
statically controlled water-bath. The water level must 
be above the top of the milk and the bath covered 
with a lid to exclude light. 

8. With each test incubate as controls (a) 10 ml 
milk that has been held at 100°C for 3 min, to 
inactivate its réducing system, plus 1 ml methylene 
blue, and (b) 10 ml milk plus 1 ml tap water. 

9, After incubation, compare the test mixture 
with control (a) to see whether there is any de- 
colourization in the former, and with control (b) to 
see whether decolourization is complete. 
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If the dye is wholly decolourized or decolourized 
to within 5 mm of the milk surface, the milk fails the 
test. Record the time for complete decolourization. 
Untreated milk is often considered satisfactory if it 
fails to decolourize the dye in 30 min. 


Phosphatase test 


This test. is performed on pasteurized milk to 
determine if pasteurization has been successful. 
Successful pasteurization which kills non-sporing 
pathogens also inactivates alkaline phosphatase. 
The test determines the amount of alkaline phos- 
phatase present after pasteurization by measuring the 
amount of phenol it liberates from pheny! disodium 
orthophosphate. 


1. Carry out the test on pasteurized milk as soon 
as possible after sampling. Otherwise refrigerate the 
milk, but test it within 2 days. 

2. Pipette 1 ml of milk into each of two test tubes, 
one of which is the control. : 

3. Heat the control milk in boiling water for 
2 min to inactivate any alkaline phosphatase, Then 
cool it rapidly to room temperature. 

4. Add 10 ml buffer substrate (see below) to each 
tube, mix the contents of each tube, and imme- 
diately incubate the tubes in a water-bath at 37°C for 
60 min, mixing the contents of the tubes at least 
four times during this period. 

5. Heat both tubes in boiling water for 2 min 
and then cool them rapidly to room temperature, 

6. Add 1ml of zinc-copper precipitant (zinc 
sulphate 3%, copper sulphate 0.6% in water). to 
each tube. After mixing, filter each tube’s contents 
through paper. Discard the early filtrate and then 
collect 5 ml! of clear filtrate in a fresh test tube and 
label it. 

7. To each tube then add 5 ml of colour devel- 
opment buffer (sodium metaborate 1.26%, sodium 
chloride 2% in water) and 0.1 ml BOC solution 
(40 mg 2, 6 dibromoquinonechlorimide in 10 ml 
ethanol 96% v/v). Mix and allow colour to develop 
for 30 min at room temperature. 

8. Measure the absorbance of the test sample at 
610 nm in a spectrophotometer against the control. 
If this is greater than the absorbance of the standard 
(see below) containing 20 pg phenol/ml, repeat the 
test with milk appropriately diluted, using as diluent 
the same test milk sample which has been heated 
carefully by boiling to inactivate any alkaline 
phosphatase activity. 

9. From the absorbance value, calculate from the 
regression line of the calibration curve (see below), 
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the quantity of phenol in jig released by active 
phosphatase in the milk. | 

10. Calculate the phosphatase activity of the 
sample in ug phenol/ml pasteurized milk by multi- 
plying the value determined in step 9 by the dilution 
factor (see step 8 — if the milk is undiluted this factor 
is 1) and also by 2.4 (since only 5/12 of 1 ml of the 
sample was analysed — see step 6). Consider samples 
with an alkaline phosphatase activity of <4 pg 
phenol/ml milk to be phosphatase negative and to 
have been successfully pasteurized. 


Buffer substrate 


Add two drops of BQC solution (see step 7 above) 
to either: 100 ml of a barium hydroxide 1.25% in 
water—boric acid 0.55% in water, buffer pH 10.6 
containing 0.1 g phenol-free pheny! disodium ortho- 
phosphate, or to 4.5 ml water containing sodium 
metaborate 1.26% and sodium chloride 2%. 
Immediately before use, extract the mixture with 
butan-l-ol until it is colourless and discard the 
butan-l-ol. The buffer substrate is the resultant 
solution after diluting it 100 fold in barium 
hydroxide-boric acid buffer pH 10.6. 


Calibration curve 


1. Prepare a standard solution of 200 tig phenol/ml 
water by adding 10 ml ofa solution of 200 mg phenol 
in 100 ml water to 90 ml water. 

2. From the standard phenol solution prepare 
a range of dilute standards containing 2, 5, 10 and 
20 ig phenol/m! water. 

3. Add 1 ml of water (the control) and 1 ml of 
each of the dilute phenol standards to each of five 
labelled test tubes. 

4. To each tube add: 1 ml of copper sulphate 
0.05% in water, 5 ml of a ten-fold dilution in water 
of colour development buffer (see step 7 above), and 
0.1 ml of BQC solution (see step 7 above), Mix the 
contents and allow colour to develop for 30 min at 
room temperature. 

5. Measure in a spectrophotometer set at 610 nm 
the absorbance of each of the dilute phenol standards 
against the control. 

6, From the absorbance values for each quantity 
of phenol, calculate the regression line of the calibra- 
tion curve absorbance/phenol concentration by the 


-procedure of least squares. 


Turbidity test 


This is the definitive test for sterilized milk, distin- 
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guishing it both from untreated milk and from 
milk that has merely been pasteurized. The degree 
of heating necessary for sterilization causes all the 
heat-coagulable proteins in milk to become preci- 
pitable by ammonium sulphate. If the amount of 
heat applied to milk is insufficient for sterilization, 
some of its protein will not be precipitated by ammo- 
nium sulphate and will be detected by its coagulating 
and giving turbidity when a filtrate of the ammonium 
sulphate-treated milk is boiled. Absence of turbidity 
indicates that the milk has been heated to at least 
100°C for at least 5 min. Some bacterial spores may 
survive this amount of heating, so that the ‘sterilized’ 
milk may not keep indefinitely. 


1. Add 20 ml of the well mixed milk sample to a 
flask containing 4 g ammonium sulphate (analytical 
grade). 

2. Shake the mixture for 1 min to dissolve the 
ammonium sulphate and allow it to stand for 5 min. 

3. Filter the mixture through a folded Whatman 
No. 12 (12.5 cm diameter) filter paper and collect at 
least 5 ml of the filtrate in a test tube. 

4. Place the test tube in a boiling water-bath at 
100°C for 5 min. 

5. Cool the tube in cold water and examine it 
against a strong light for the presence of any turbidity. 

6. Include with each batch of tests a control test 
of milk that has been heated at 100°C for at least 
5 min. This should give no turbidity, nor should 
properly sterilized milk. 


Coiony and coliform count tests 


Colony counts assess the number of viable bacteria 
in milk and give results which are easily understood, 
However, the tests are costly in labour and material. 
In some cases, results are not available for 72h 
and errors may be great through the aggregation of 
bacteria. 

The colony count test at 30°C is applicable to 
raw and pasteurized milk and also to sterilized and 
UHT milk after these latter two have been incubated 
at 30°C for 15 days. 

The colony count test at 21°C is applicable to 
an unopened container of pasteurized milk after it 
has been incubated at 6°C for 5 days. It is made 
to determine the degree of contamination of the 
milk with psychrophilic microorganisms capable of 
multiplying in milk at 6°C, 

The coliform count at 30°C is applicable to 
pasteurized milk. 

The pre-incubation count and coliform count of 
pasteurized milk are measures of post-pasteurization 
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contamination, the major factor limiting shelf life 
of pasteurized milk. Neither test has any bearing on 
the safety of the product for human consumption. 


Procedure 


1. Melt the required amount of the appropriate 
sterile medium (see below) and, temper it to 45°C 
in a water-bath. 

2. Mix the milk sample by inversion 25 times to 
distribute microorganisms evenly and within 3 min 
remove the test sample. : 

3. Depending upon the type of milk and the test, 
prepare rapidly but accurately a series of 10-fold 
dilutions of the sample by aseptically pipetting 1 ml 
of the milk (or a dilution of it) into 9 ml of sterile 
diluent (1% peptone in saline (0.85% NaCl in water) 
pH 7.0). 

4 Within 15 min add a known volume of the 
sample or appropriate dilutions of it to a number 
of sterile petri dishes and gently mix with 15-18 mi 
of the appropriate molten, cool, culture medium to 
ensure an even distribution of microorganisms. 
Allow the medium to set on a cool horizontal surface. 

5. For colony counts at 30°C and 21°C, incor- 
porate 1 ml of the sample (but 0.1 ml for sterilized 
and UHT milk) and/or an appropriate dilution of 
it, into milk plate count agar.* Excepting UHT and 
sterilized milk where only the undiluted milk sample 
is examined, at least two dilutions of samples of the 
other milks should be examined. 

6. For the coliform count.at 30°C, add 1 ml of 
the undiluted milk to each of three plates and incor- 
porate it into approximately 12 ml of Violet Red Bile 
Lactose (VRBL) agar.* When the medium has set, 
each plate should be overlayered with 4 mi VRBL 
agar. 

7. Invert the plates and incubate them in stacks 
of no higher than six plates in an incubator at ps Dee 
i°C for 25h or at 30 + 1°C for 24 + 2h (for the 
coliform count) or 72 + 2 h (for the colony count). 

8. For colony counts at 21 and 30°C, count with 
the aid of a hand lens all the colonies on all plates 
with no more than 300 colonies. Using the counts 
from the plates bearing 10-300 colonies, calculate 
the number of bacteria per ml of milk from the 
formula c/(n, + 0.1m)d where c is the sum of the 
colonies and (n, + 0.1n,)d is equal to the volume of 
the sample plated in which n, is the number of plates 
counted in the first dilution, n, is the number of 
plates counted in the second dilution and d is the 
dilution factor from which the first counts were 
obtained. Give the count to two significant figures. 


Thus, if dilution 107 yields 278 and 290 colonies, » 
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and dilution 107% yields 33 and 28 colonies, the 
number/ml = (278 + 290 + 33 + 28) divided by [2 + 
(0.1 x 2)] x 107% = 629/0,022 = 28590 = 2.9x 10°. 
- 9. For the coliform count-at-30°C, count-all the 
dark red typically coliform colonies with or without 
surrounding precipitate on all plates bearing no 
more than 150 colonies. Confirmation as coliforms 
should be made on all uncharacteristic colonies (or 
a proportion of them) by subculture into tubes of 
brilliant green lactose bile broth* bearing a Durham 
tube. After incubation at 30°C for 24h, those colo- 
nies resulting in the formation of gas are confirmed as 
coliforms. . | 


Calculate the number of coliforms/ml of milk as 
the total number of coliform colonies in the sample 
divided by the volume of the sample. If a confirma- 
tory test is applied, calculate the number of coliforms 
from the percentage of confirmed coliforms. When 
there are more than 100 colonies, give the count to 
two significant figures. When there are only counts 
exceeding 150 colomies, report the result as the 
estimated number of coliforms per ml. 


Examination for tubercle bacilli and 
brucellae 


Technical details of these special investigations 
are given in Chapter 11 of the 13th edition of this 
book. 


Examination of goat’s milk 


Goat’s milk is often consumed by persons allergic 
to cow’s milk and is generally supplied without 
pasteurization. There is yet no UK. legislation about 
standards or tests for quality. If examination is re- 
quired, perform colony count tests ‘at 22 and 37°C, 
a coliform count, a methylene blue reduction test 
and a brucella ring test (see Ch. 11 of the 13th edition 
of this book). Satisfactory samples should have a 
colony count less than 100 000/ml and a coliform 
count less than 100/ml, pass the methylene blue 
test, which however Is less reliable than with cow’s 
milk, and give a negative brucella ring test, which 
may be difficult to read on account of the very high 
fat content. In cases of suspected food poisoning, 
examine the sediment from centrifuged milk for 
Staphylococcus aureus, Salmonella, Campylobacter and 
Yersinia enterocolitica. 


Examination of washed milk bottles 
See Chapter 11 in the 13th edition of this book. 
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Sterilized, UHT and pasteurized creams 


Examine sterilized and UHT creams by performing 
colony and coliform counts as for sterilized and 
UHT milk (described above). Creams should have 
a colony count of not more than 30 000/ml and not 
show the presence of coliform bacilli in 0.1 ml. 

Examine pasteurized cream by performing a coli- 
form count, as for pasteurized milk, and a phosphatase 
test, as described below. 


Phosphatase test for pasteurized cream 


1. Prepare phosphatase reagent by dissolving 
0.15 g disodium p-nitrophenyl phosphate in 100 ml 
aqueous buffer containing 0.35 g anhydrous sodium 


carbonate and 0.15 g sodium bicarbonate. Pipette © 


15 ml of it into each of two chemically clean tubes 
and warm these to 37°C. 

2. Add 2 g cream to one tube, as the test, and 2 g 
boiled cream to the other, as a control. 

3. Mix well by shaking and incubate the tubes 
for 2 h at 37°C in a water-bath. 

4. Add 0.5 ml of a 30% aqueous solution of zinc 
sulphate to both tubes, shake them vigorously and 
then allow them to stand for 3 min. 

5. Add 0.5 ml of a 15% aqueous solution of 
potassium ferrocyanide to each tube and mix well. 

6. Filter the contents of each tube through sepa- 
rate Whatman No. 40 filter papers and collect the 
filtrates in chemically clean tubes. 

7. Read the p-nitrophenol value of the test sample 
against the control sample in a Lovibond comparator 
fitted with an APTW or APTW7 disc (Baird & 
Tatlock; Gallenkamp). A value greater than 10 ug/ml 
suggests the sample does not satisfy the regulations. 
It should be further examined as directed below. 


Further phosphatase test 


1. Transfer 10 g cream to each of two chemically 
clean tubes. To one tube, the test, add an amount 
of 40% magnesium chloride in distilled water ac- 
cording to the sample’s butter fat content: 0.25 ml 
for 48% fat, 0.35 ml for 35% fat, 0.50 ml for 18% 
fat, and other volumes by extrapolation. To the other 
tube, the control, add nothing. 

2. Stopper the tubes, mix the contents by inver- 
sion, and incubate the tubes for | h at 37°C, inverting 
them from time to time. 
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3. Transfer 2g cream from each tube to fresh 
tubes and repeat the phosphatase test on both, as 
described above (steps 1-7). 


If the intensity of colour in the filtrate of the 
cream treated with magnesium chloride is greater 
than that in the control, dilute it 1 in 4 with buffer 
solution and then compare it again with the control. 
If the colour in the diluted filtrate is equal to or 
more intense than that in the control, the original 
p-nitrophenol result is invalid “a reactivation has 
taken place, and the sample is deemed to have passed 
the test. Otherwise, the original result stands and 
the sample has failed the test. 


Examination of ice cream 


Only pasteurized milk should be used in the manu- 
facture of ice cream, Samples should be received 
in the frozen state and molten ones should be re- 
jected. Allow the frozen sample to melt at 0-2°C 
immediately before examination. 


Methylene blue reduction test 


It should be remembered that this test is a poor 
predictor of bacterial numbers other than for coli- 
forms and that the method is not appropriate for 
detecting the presence of potential pathogens in small 
numbers. ) 


1. Use this test only for white ice cream. 

2. Add 7 ml quarter-strength Ringer’s solution 
and 1 ml standard methylene blue solution 1 in 
300 000, prepared as described for the test on milk, 
to a sterile test tube (152 x 16 mm). Then add 2 ml 
of the melted ice cream sample. 

3. Stopper the tube with a sterile (boiled) rubber 
bung and mix the contents by inverting it several 
times. 

4. Include with each test a control tube containing 
boiled instead of unboiled ice cream and a control 
tube containing Ringer’s solution instead of methylene 
blue. 

5. Refrigerate the tubes at 0-4°C until 5 pm, 
then transfer them to a well insulated water-bath 
at 20°C in which the water level is above the level of 
ihe ice cream. 

6. After incubation for 17h at 20°C, compare 
the colour in the test and control tubes. Report the 
tests in which decolourization is complete (or to 


within 0.5 in of the meniscus) as having decolourized 


methylene blue in 0h (i.e. Oh at 37°C). 
7. Mix the contents of the remaining tubes by 
inversion and place them in a water-bath at 37°C. 
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Remove, examine, invert and replace them at 30 min 
intervals for up to 4h, noting the time taken for 
decolourization of the dye in each. 

8. Grade the ice cream according to the decolouri- 
zation time as follows: Grade 1, no decolourization 
at 4h; Grade 2, decolourization in 2.5—4 h; Grade 3, 
decolourization in 0.5—2 h; Grade 4, decolourization 
-in Oh (i.e. after 17h at 20°C). If ice cream con- 
sistently fails to reach Grade 1 or 2, defects in 
manufacture or handling should be suspected and 
investigated. 


Colony and coliform count tests 


These tests are helpful in assessment of coloured ice 
creams unsuitable for the methylene blue test. They 
are done in the way described for milk. A colony 
count of 50000/g or higher, or the presence of 
coliform bacilli in 0.01 g, is indicative of faults in 
manufacture or handling. 


Microbiological standards for drinking 
milk and milk-based products 


Drinking milk and milk-based products should not 
contain pathogens or toxins in amounts that affect 
the health of consumers. The presence in larger 
numbers of other bacteria, while possibly not harm- 
ful, may affect the shelf life and indicate poor hygiene 
or faults in manufacture or storage. The standards 
of acceptability vary in different countries. Those 
conforming to EEC Directive 92/46/EEC are pre- 
sented in Table 51.4. 
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EXAMINATION OF FOOD 


It is frequently necessary to determine the numbers 
and types of bacteria in food in order to assess and 
control standards of hygiene and investigate out- 
breaks of food poisoning. However, as yet, there 
are no generally agreed methods of examination nor 
any generally agreed standards indicative of safety. 
The examinations most often done are viable 
bacterial counts and estimations of the numbers of 
coliform bacilli. 


1. Either (a) weigh 10 g food in a sterile container 
or on sterile grease-proof paper and homogenize 
it with 90 ml sterile diluent, e.g. Ringer’s solution 
(Ch. 47) in a blender, or (b) for foods contaminated 
only on the surface, such as intact vegetables, weigh 
100g food into a sterile jar; add 100ml sterile 
diluent, shake well for 20 min, and then assume the 
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diluent contains all the bacteria that were paesest 
on the surface of the food. 

2. Make serial 10-fold dilutions of the homogenate 
or diluent and plate them on appropriate media, 
incubating under appropriate time-temperature 
combinations. Make coliform counts in MacConkey 
broth and Escherichia coli confirmatory tests by the 
methods described for water examinations (above). 


Cook-—chill food 


This is food prepared and cooked in a traditional 
manner and then cooled rapidly and maintained 
chilled (0-3°C) until required for use, Guidelines 
(Department of Health 1989) stipulate that this type 
of food can be stored chilled for no more than 5 days 
and it must be reheated to at least 70°C before 
serving. Moreover, to prevent abuse of conditions in 
processing, storage and transport of cook—chill food, 
immediately prior to cooking, the food should have 
a total aerobic viable count after 48 h incubation at 
37°C of no more than 10°/g, and for other organisms 
the counts should be Escherichia coli < 10/g, Staphylo- 
coccus aureus < 100/g, Clostridium perfringens < 100/g. 
Salmonella spp and Listeria monocytogenes should 
not be present in 25 g food. Most (80-90%) food 
samples should have a total aerobic viable count 
of <10° cfu/g and a regular failure to meet this 
standard is an indication that something is amiss. 


Chilled foods 


These are perishable foods kept above ~1°C and 
below 8°C to extend the time during which they 
remain wholesome. Some food-poisoning bacteria 
such as Yersinia enterocolitica, Listeria monocytogenes, 
Bacillus cereus and some psychrotrophic non-proteolytic 
strains of Clostridium botulinum can grow, and some 
can produce toxins, at these temperatures, particu- 
larly if other competing food-spoilage bacteria have 
been removed or inhibited by packaging techniques 
(e.g. vacuum packing) or processing techniques. 
Foods with an assigned shelf life of more than 10 days 
should incorporate controlling factors other than 
temperature alone to prevent this. 


Frozen foods 


Bacterial counts should be done by plating on rich 
media to enable cold-stressed organisms to multiply. 
Psychrophiles associated with spoilage require incu- 
bation for 5-7 days at 5—-7°C. Other bacteria are 
counted after 2-3 days at 20--30°C. 
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A Microbiological criteria for certain 1 ilik-baeed- + pide on removal from the processing establishment 
ni Compulsory Criteria: pathogenic microofganiems 





Type of microorganism : “ Product at ee “ee =e | Standard (mi, g) 
Listeria monocytogenes Es oaks other than hard cheese | , ~.  . Absent in 25 g (a). 
she re ae Nea ate a ey n=5,c=0 
i cae ae ae ce ee Cae products: eats Pe ree 7 Absentin tg 
Salmonella spp 3... All ip mill powder : | | Abgent in n 289 (a) 
‘Milk powder Syn Paes | ' Abort | in a (a) ° 
n=10,c=0 








In addition, pathogenic microorganisms and their toxins must fot be present in quantities such as to affect the health of consumers 
lf these standards are exceeded, the foodstuffs must be excluded from human consumption and withdrawn. 
(a) The 25 g sample to consist of 5 speckrene. of ° g faken from different parts of the same product. 

















2 Analytical criteria organisms indicating poor hygiene 





Type of microorganism a Product Standard (ml, g) 
Se eee, ee Oc? ai ig 
Staphylococcus aureus Cheese made from raw milk and from thermized milk = m 1000 
re | M = 10000 
mi= 5 
3 ) c-="2 
Soft cheese (made from heat-treated milk) m = .100 
M = 1000 
i‘ =-s 
ced 
Fresh cheese ‘me 10. 
Powdered milk M = 100 
Frozen milk- based products (including ice-cream) n= 5 
| % c- = 2 
Escherichia coli 3 Cheese made iro raw milk and from thermized milk =m-= 10000 
#7 ~M’= 100000 
n= 5 
_Soft cheese (made from heat-treated milk) m= 100 
3 : M = 1000 
n = 5 
GC = 2. 


Whenever the standard M is exceeded in the case of cheese made from raw milk and from thermized milk or soft cheese testing 
must be carried out for the possible presence of toxins in such products. 

If strains of enterotoxinogenic Staphylococcus aureus or strains of Escherichia coli that are presumed to be pathogenic are 
identified, all the batches involved shall be withdrawn from the market. | Sal ete 
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. Indicator organisms: guidelines — 
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Coliforms 30°C 3 . Liquid milk-based products © 


Os es 
now ow i 
ono - 


fable 51.4 contd over 





899 


az 


51 


PRACTICAL MEDICAL MICROBIOLOGY ~ 












a 






OE Tse re "Butter. made from pasteurized milk or r eream sue 
ae), : E a nfs 5 ; j sie " i ! : i 3 . tg et Tee re a SAS ah . ts *, : Jt sr feat z ae 7 i c 
‘fr Sats ~. Soft cheese (made from heat-treated milk). 20 pre : 
a i tenga gs i ae 
ce mi Jee Faerie 
Leeerd. BLP wee tae path ne +e fo =f ie i ies 2 aoe =e sts oe SAP 0. fF 
ay IS ARE Eee gee a on TRE a RANE Sa iewe Meas 
. ' | Tea a of ee — bed PRR 
Plate counts 27 r= Psi Seog “tau heat-treated uniermented mk based  rosyets ().m: 230. 10. 
Pee © bos Ea oe ee OOS gt aM ist 00,001 
4 es Sree 
Frozen milk based product (including ee crea) ©. (Mes 100 000 
Fo ea GES oe ae | 
x oe peers ra So 
r om “a .-C 7 er ri - “i. 4 
(b) After incubation al 6°C for five days (plate count at atc). Si ts ae . 
Five ‘it de ‘a 


(c) Plate count ai 30°C, 


“In-addition, heat-treated, riches products mist meet the folowing standard str ncubation or 15 5 days. at Sorc: plate count 


‘at 30°C (per 0.1 mi): = 10, EE aia tha yak ee Te Beh page oe tad stig byte dae 4 


B.. Microbiological criteria for drinking milk 


Be Raw cow's milk for drinking in that stale must meet the following standards alter wrapping: eRe i + * : res. uF ay 


rent 


Plate count at 30°C (per mi): =< 50 000 (d) — 


Bart poonas aureus (per mil) 
= 100,M = 590, n= 5, c= ‘2 


iF Salmonella. absent in 25 g: 
n= S, c= 0 “a i = foe's Me % 


In. addition, pathogenic mnieroorganisms and their toxins must not be present in avanti such @ as sto o ated the e heath of 


Consu mers. 


2._In the random ang ihiacke carried out in ihe treatment « establishment pasteurized mil must th follwing s 


. microbiological standards: 
Pathogenic microorganisms: absent in 25 g. 

n=5,c=0, m= 

n=5,¢=1,m= 


n= =5,c=1, m= 


Coliforms (per mi): 
Plate count at 21 °C (per mi!) alter incubation at 6° for five days: 


- . 
Pe f i: 
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-0,M=0- 
-0,M=5. 
5x 104,M= 5x 10% 


3. In the random sampling checks carried out in the treatment establishment, sterilized milk and UHT milk must meet the. 


following standard after incubation at-30°C for 15 days: 
plate count (30°C): 


——— 


id) Geometric average over a period of two months, with at least two samples a ‘month. 
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= 10 (per 0,1 mi) ' 





Ready cooked prawns and shrimps (Mitchell 1970) 


1, Chisel 20 g of the food from the frozen block. 
9. Place the food in a sterile container in a 
water-bath for 10—30 min at 44°C to unfreeze. 
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3. Make colony counts of dilutions of the released 
juices on blood agar and MacConkey agar plates 
incubated overnight at 37°C. 

Counts of 100000 colony forming units (cfu)/g 


(.) 
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are said to be satisfactory, but it is thought unwise to 
release for consumption samples with counts greater 
than 1000000 cfu/g. Samples with intermediate 
counts may be released on the condition that they will 
be used immediately after thawing. 

4. Homogenize the food remaining from step 2 
and examine it for the presence of food-poisoning 
bacteria as described later in this chapter. 


Frozen vegetables 


Coliform bacilli and enterococci are commonly 
found on vegetables. Make total counts; these are 
usually low, about 100 000 cfu/g. Examine for and 
report the presence of any E. coli. 


Frozen meat pies and complete meals 


Frozen pies usually have a low total count, e.g. 5000— 
30 000 cfu/g, but may contain staphylococci and 
enterobacteria. Complete meals vary greatly in the 
kinds and numbers of bacteria present. 

Determine the total viable count, the number of 
coliform bacilli and the number of Staphylococcus 
aureus. For the last, culture on mannitol salt phenol 
red agar (e.g. Oxoid CM85) for 3 days at 32°C and 
count the yellow (acid) colonies. It is suggested 
that the total count after 48h at 37°C should not 
exceed 100 000 cfu/g, coliform bacilli should not be 
present in 0.1 g, and S. aureus should not be present 
in 0.01 g of the food. 


iced lollipops 


1. If the lollipop contains a portion of ice cream, 
remove that portion and examine it as for ice cream. 

2. Allow the iced water part to melt. Remove a 
small aliquot and determine its pH. If the pH is 4.5 
or more acid, a bacteriological examination is not 
required. 

3.. If the pH is more alkaline than 4.5, perform 
plate and coliform counts. 


For further information on the microbiology of 
frozen foods, see Roberts et al (1981). 


Canned foods 


Food is often preserved in sealed cans which are 
heated to kill the contained microorganisms, rapidly 
cooled and finally dried. Spoilage of canned foods 


_ is the result of growth of organisms that have either 


survived the heating process or been introduced after 
the heating through a defect in the can. 


ot 
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The amount of heat applied is determined by the 
kind of food being processed. It should be sufficient 
to kill vegetative pathogens and the spores of food- 
poisoning organisms, yet not be so great as to impair 
the appearance and palatability of the food. Germi- 
nation of surviving spores and multiplication of 
microbes entering through a leak are inhibited if 
the food is acid, e.g. pH 4.5 or lower, contains added 
salt and nitrate, or is stored at a low temperature. 

. Accidental under-processing of food may occur 
through faulty design or careless operation of equip- 
ment. Correctly processed food may become con- 
taminated by the entry of bacteria through minute 
holes or cracks in the can due to faulty construction, 
rusting or autoclave-induced distortion. Such ingress 
is especially likely to take place during the cooling 
process, when a negative pressure develops in the 
can. The cooling water should therefore be chlorinated 
and the cans not handled while still wet. 


Examination procedure 


l. In cases of suspected under-processing or 
spoilage through leakage, examine as many cans as 
possible from each batch, noting the batch number 
and code number of each can. 

2. With a lens, examine the can for defects, in- 
cluding minute holes, particularly in the seams and 
any dented or rusted areas. 

3. If the can appears intact and sound, stimulate 
muluplication of any organisms present in small 
numbers by incubating cans for 7 days at 37°C for 
mesophiles and for 7 days at 55—60°C for thermo- 
philes. Incubate acid foods for 10 days at 25°C. 

4. Before opening; scrub the can with soap and 
water and rinse it with alcohol. Disinfect the area 
to be opened by flaming, without over-heating the 
contents, or by rubbing with 70% ethanol in water. 

5. Puncture the can with a heat-sternlized nail or 
can opener, then open it sufficiently for a sample to 
be removed. 

6. Note the appearance and smell of the food. 
Then proceed as in steps 8—10. 

7. If the can has leaks or 1s swollen, the contents 
may be offensive and may be under pressure due to 
gas formation by spoilage bacteria. Pre-incubation is 
unnecessary. The area of the surface to be opened 
should be disinfected with ethanol, not by flaming. 
Place the can with a sterile can opener in a plastic 
bag and seal the bag before opening the can, so that 
anything expelled will be coilected within the bag. 

8. If the food is liquid, aseptically sample 15- 
20 ml with a sterile pipette. If solid, sample from 
both its centre, where organisms are more likely to 
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have survived, and its surface, where leakage con- 
taminants may be present. Take the sample with a 
sterile cork borer. Expel the core sample with a 
sterile glass rod into a sterile container and macerate 
it in a little sterile broth. 

9. Make a Gram film of the suspension and inocu- 
late drops of the suspension into appropriate culture 
media, 

Interpret the film with caution, as it may show 
bacteria that have been killed by the heat processing 
of the can. The presence of rods resembling Bacillus 
or Clostridium bacteria may indicate under-processing, 
whereas the presence of cocci and Gram-negative 
rods may indicate contamination through leakage. 

Culture on dextrose tryptone bromocresol purple 
agar (e.g. Oxoid CM75) should be. used for the 
detection of mesophilic and thermophilic species 
of. Bacillus, and Robertson’s cooked meat medium 
(Ch. 5) and Crossley’s milk medium (e.g. Oxoid 
CM213) for the detection and preliminary identifi- 
cation of clostridia. Iron sulphite agar (e.g. Oxoid 
CM79) should also be seeded if the food smells of 
bad eggs, and blood agar and MacConkey agar if 
spoilage through leakage: is suspected. 

Inoculate the food sample into several plates or 
tubes of each medium; incubate some aerobically 
and some anaerobically in the temperature ranges 
5—10°C, 22-25°C, 35-37°C and 55-60°C for several 
days. 

10. Identify any organism grown by appropriate 
tests. Bacillus stearothermophilus is a thermophile 
associated with ‘flat sour’ spoilage through the for- 
mation of acid but not gas; it grows poorly or not at 
all at 37°C and lower, but forms large acid-producing 
colonies on dextrose tryptone agar at 60°C. Clostridium 
thermosaccharolyticum and C. nigrificans are anaero- 
bic thermophiles which may not grow at 25°C andi 
below. The former produces gas and causes a ‘hard 
swell’ of cans, the bulging ends of which cannot be 
compressed by hand; its colonies have feathery edges. 
The latter clostridium produces hydrogen sulphide 
which often blackens the food but, being water 
soluble, does not bulge the can; it forms black colo- 
nies on iron sulphite agar. Food-poisoning bacteria 
are isolated and identified as described later in this 
chapter. 


Raw, pre-cooked and preserved foods 


Poultry 


Battery-reared birds are particularly liable to cross- 
infection with salmonellae and other pathogens, 
and if under-cooked or cooked after incomplete 
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thawing from the frozen state, may give rise to food 
poisoning. 

1. Rub a cotton-wool swab over an area of 16 cm? 
of the skin of the bird’s breast. 

2 Rinse the swab in sterile diluent, e.g. Ringer’s 
solution, and use the suspension to perform colony 
counts at 22°C on nutrient agar, coliform counts at 
30°C on MacConkey agar, and staphylococcal and 
enterococcal counts at 37°C on blood agar. 

3. Examine for salmonella by placing the carcase 
in a plastic bag along with about 100 ml sterile water. 
After the carcase has thawed and been thoroughly 
washed with the water, collect the liquid from the 
bag and add it to an equal volume of a double- 
strength enrichment medium for salmonella. Incu- 
bate at 37°C and proceed as for the isolation of 
salmonella. 

Murray (1969) found that in well run establish- 
ments for the preparation of poultry carcases, total 
counts were less than 250 000/16 cm* of swabbed 
skin, coliform counts were less than 1000/16 cm’, 
enterococci less than 5000/16 cm’, and S. aureus less 
than 100/16cm?. Low total counts indicate that 
few spoilage bacteria are present and low counts of 
coliforms and enterococci suggest that the eviscera- 
tion technique and handling hygiene are good. 


Meat pies and sausage rolls 


1. Open the pie with a sterile knife. Disregard the 
pastry unless it is obviously spoiled. Examine the 
internal contents, keeping meat and jelly separate. 

2. Homogenize a weighed amount of the meat 
(or jelly) in sterile diluent and make 1-in-10 and 
l-in-100 dilutions of it. , 

3. Perform total and coliform counts on the two 
dilutions, incubating the media for 48 h at 30°C. 

4. Examine for Clostridium perfringens by adding 
1 ml volumes of the 1-in-10 dilution to each of five 
tubes of a differential reinforced clostridial medium 
(DRCM,* e.g. Differential Reinforced Clostridial 
Medium, Oxoid CM149) which has been melted 
and cooled to 50°C. Incubate anaerobically for 48 h 
at 37°C. Then subculture all tubes showing growth 
or gas production on to blood agar plates and into 
litmus milk for identification. Estimate from the 
probability tables* the most probable number of 
C. perfringens. 


Vacuum-packed bacon and cooked meats 


A low temperature of storage, the absence of oxygen 
and the presence of salt and nitrate reduce the 
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likelihood of spoilage in such packed foods, but the 
spores of anaerobes may survive and Clostridium 
botulinum type E may grow in the food at quite a low 
temperature. 


1. Swab the outside of the package with ethanol 
and open it with sterile scissors. 

2. Macerate a weighed amount of food in a small 
amount of sterile broth and prepare 1l-in-10, 1-in- 
100 and 1-in-1000 dilutions. 

3. Perform plate counts of the dilutions on blood 
agar and MacConkey agar, incubating the plates 
aerobicaily for 18 h at 37°C. A total count of 1000/g 
or less is thought to be satisfactory. 


Water cress 


This may have been grown in sewage-polluted water. 
It should be examined for the presence of E. coli. 


Shellfish (PHLS 1992) 


1. ‘Transport the sample of 10—15 oysters or clams, 
15—30 mussels or 30-50 cockles to the laboratory 
in a cool box at 4°C and examine within 24 h. 

2. Wear gloves and select at least 10 oysters or 
15 mussels or cockles which are not gaping and are 
undamaged. Scrub them clean in running potable 
tap water with a boiled nail brush. 

3. Dry the cleaned shellfish on a paper towel. 

4, Open the shellfish with a sterile knife and collect 
and pool the liquor and flesh of all shellfish in the 
sample in a weighed sterile plastic bag. 

5. Macerate the contents of the bag for 2—3 min 
in a stomacher and remove 50 g of the homogenate 
to another stomacher bag and add to it 100 ml sterile 
0.1% peptone water. Homogenize for a further 
2—3 min in the stomacher and then add 350 ml sterile 
0.1% peptone water to give a sample dilution of 
l-in-10. 

6. From this sample prepare further 10-fold dilu- 
tions by adding 10 ml to 90 ml stenle 0.1% peptone 
water. 

7. Inoculate 10 ml of the 10°! dilution into each 
of five bottles holding 10 ml of double-strength 
minerals modified glutamate medium* (MMG, e.g. 
Oxoid CM607) containing sodium glutamate L124 
and ammonium chloride, and a Durham tube. (Each 
bottle contains the equivalent of 1 g flesh.) 

8. Inoculate 1 ml of the 107’ dilution into each of 
five tubes holding 10 ml single-strength MMG and 
a Durham tube (each tube contains the equivalent 
of 0.1 g flesh). 

9. Inoculate 1 ml of the 10~ dilution into each of 
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five tubes holding 10 ml single-strength MMG and 
a Durham tube. 

10. Incubate bottles and tubes in a water-bath at 
37°C for 18—24h and examine Durham tubes for 
the presence of gas. 

11. Re-incubate all bottles and tubes without gas 
for a further 24h at 37°C and re-examine for the 
presence of gas. ‘The absence of gas indicates absence 
of E. colt, 

12. Perform confirmatory tests for faecal E. coh 
on all tubes showing gas formation. 

13. From a knowledge of the combination of the 
number of bottles and tubes containing faecal E. col, 
determine by reference to probability tables* (Tillett 
1987) the most probable number of E. coli/100 g 
shellfish flesh. According to the EEC Directive 91/ 
492/EEC, if this is <230, the shellfish may be 
consumed. 


Eggs 


The shells of hen’s eggs may be contaminated with 
various enterobacteria, pseudomonads, sporing bac- 
teria, yeasts and moulds. The albumen and yolk of 
newly laid eggs usually contain very few bacteria, 
but the degree of contamination depends upon the 
porosity of the shell, the age of the egg, the rate of 
cooling and the humidity of the environment. Eggs 
may be contaminated with salmonellae. 

Total bacterial counts should be made separately 
both on the macerated shell and on the homogenized 
albumen and yolk of either individual eggs or groups 
of 10 eggs in order to determine whether the egg 
is contaminated only on its surface or 1s infected. 
The lysozyme content of the homogenate must be 
diluted sufficiently to allow lysozyme-sensitive con- 
taminants to grow, e.g. by adding one volume of 
the homogenate to about five volumes of culture 
medium. 


Gelatin 


Gelatin is used in the manufacture of ice cream and 
in the ‘topping up’ of canned hams and meat pies. It 
should be examined for coliform bacilli and Bacillus 
spores. 


1. Add 5g gelatin to a bottle containing 100 ml 


\ sterile water, mix and allow to stand for 2 h at 0-4°C. 


2. Warm the mixture for 15 min in a water-bath 
at 50°C, mix well and transfer 20 ml of the gelatin 
solution to a bottle containing 80 m! sterile water. 

3. On this 1% gelatin solution (a) perform a total 
count by inoculating 1 ml and 0.1 mi volumes on to 
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plates holding 15 ml volumes of molten yeast extract 
agar* at 50°C and, when set, incubating the plates 
for 48h at 37°C, and (b) estimate the coliform 
count by adding 10 ml volumes to 10 ml volumes 
of double-strength MacConkey broth* and 1 ml and 
0.1 ml volumes to 5 ml volumes of single-strength 
MacConkey broth and incubating for 48 h at 37°C. 
Refer to tables* for the most probable number 
(MPN) of coliform bacilli. Do confirmatory tests for 
E. coli on the tubes bearing coliform bacilli. 

4, Make a spore count on the remaining 1% 
gelatin solution by first heating it for 10 min at 80°C 
to destroy vegetative cells and then adding four 1 ml 
volumes to four volumes of 14 ml nutrient agar 
which has been melted and cooled to 50°C, mixing 
well and pouring in plates. Incubate two plates for 
48 h at 37°C and the other two for 48 h at 55°C, and 
count the colonies. 


Gelatin used with canned ham should have a 
spore count of no more than one colony per plate, 
i.e. 100 spores/g gelatin, and a total bacterial count 
not exceeding 10 000/g. Gelatin used in making ice 
cream should have a total count not exceeding 
10 000/g, no coliforms in 0.01 g, and no &. coli in 
0.1 g. 


Cheese 


1. Aseptically take a core sample and grate it 
with a sterile grater. 

2. Homogenize 10g grated cheese with 90 ml 
warm sterile diluent. 

3. Determine the total count and examine for 
the presence of S. aureus, E. coli and salmonellae. 
Interpret the finding of S. aureus with caution as not 
all strains form enterotoxin and, when originally 
formed in the cheese, enterotoxin may be present 
long after the staphylococci have died. 


Baby foods 


Determine the total count of viable bacteria and 
use both direct plating and enrichment methods 
to examine for S. aureus, coliform bacilli, E. colt, 
C. perfringens and salmonellae. 
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EXAMINATION FOR FOOD-POISONING | 
BACTERIA 
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A summary of methods is given below. For further 
information, see Corry et al (1982), 
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Salmonellae 


Foods especially liable to be infected with salmonellae 
are poultry, meat, eggs, creams and processed -foods 


made from these ingredients. Methods of isolation - 


of salmonellae are described by Harvey & Price 
(1975, 1979). 


Food uncooked or thought highly contaminated 


1. Homogenize 50 g of the food in 100 ml 0.1% 
peptone water. 

2. Add 50 ml volumes of the homogenate to two 
50 ml volumes of selenite F broth (Ch. 21, Methods, 
with ingredients at double strength). Incubate the 


cultures for 24 h, the one at 37°C and the other at 


43°C, 

3. Plate out the cultures on deoxycholate citrate 
agar (Ch. 21, Methods, or Oxoid CM35) and brilliant 
green MacConkey agar (Ch. 21, Methods, or Oxoid 
(CM263) and incubate the plates at 37°C. 

4, Examine for salmonella colonies after 24h 
and 48 h. 


Food likely to contain few if any salmonellae 


1. Homogenize 50g food in 100m) nutrient 
broth and incubate the homogenate for’ 4h at 37°C, 

2. Add 50 ml volumes of the homogenate to selenite 
F broths and proceed as in steps 2, 3 and 4 above. 


Identify suspect colonies as described in Chapter 21. 


Staphylococcus aureus 


Foods commonly contaminated with S. aureus in- 
clude synthetic creams, custards, trifles and high-salt 
foods such as hams. 


1. Homogenize 10 g food in 100 ml 0.1% peptone 
water, 

2. Plate the homogenate or dilutions of it on 
blood agar or a selective and indicator medium such 
as mannitol salt agar (Oxoid CM85) or Baird-Parker 
agar base (Oxoid CM275) containing either supple- 
ment SR 54 (egg-yolk emulsion, tellurite) or RPF 
supplement SR 122 (rabbit plasma, fibrinogen, 
trypsin inhibitor, tellurite). 

3. Incubate in air blood agar plates for 24h at 
37°C, mannitol salt agar plates for 36h at 35°C 
or 72h at 32°C and Baird-Parker medium plates 
at 35°C and examine after 24 and 48 h. 

4. Identify colonies on blood agar as S. aureus 
by tests described in Chapter 11. On mannitol salt 
agar, presumptive S. aureus colonies are surrounded 
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by a yellow zone because of mannitol fermentation. 
On Baird-Parker agar with supplement'SR 54, S. 
aureus colonies appear as grey-black colonies through 
tellurite reduction, which may be surrounded by a 
clear zone, because of proteolysis, that may later 
become opaque through lipase production. Some 
S. aureus isolates, particularly those from cheese, 
may not give this egg-yolk reaction. 

5. Subculture the colonies into a medium not 
containing excessive salt, such as nutrient broth, and 
subsequently confirm their identity as S. aureus by 
the coagulase test. Colonies, regardless of their 
colour, which on Baird-Parker agar with supplement 
RPF are surrounded by an opaque halo of precipi- 
tated fibrin are coagulase positive and need not be 
tested further. 

6. Report the number of coagulase-positive 
staphylococci/g food. 


Staphylococcal food-poisoning is an intoxication _ 


arising through the ingestion of one or more of the 
heat-stable enterotoxins A, B, C,, C,, C3, D or E of 
S. aureus. Other coagulase-positive staphylococci 
like S. Ayicus and S. intermedius may also form small 
amounts of enterotoxins, but these organisms are 
yet to be implicated in outbreaks of food poisoning. 
Some isolates of coagulase-negative staphylococci 
have also been reported to produce enterotoxins 
(Crass & Bergdoll 1986). ; 

The presence of large numbers of S. aureus, such 
as 10°/g food, may be suggestive of staphylococcal 
food-poisoning but it must be remembered that 
not all strains of S. aureus are enterotoxigenic and 
enterotoxin may be present in food in which viable 
S. aureus are no longer present through inactivation 
during food processing and storage. 

The presence of strains, whether viable or not, 
carrying enterotoxin genes in the absence of their 
expression can be determined by PCR (Johnson et al 
1991). However, the definitive test for staphylococcal 
food-poisoning is the demonstration of enterotoxin 
in the food by a method which can detect at least 
I ng toxin/g food. | 

Enterotoxin tests based on antigen—antibody pre- 
cipitation reactions in gels are lengthy and may not 
be sufficiently sensitive. More sensitive ELISA tech- 
niques capable of detecting 0.1—1 ng toxin/g food 
have been described (Fey et al 1984) and are used 
by reference laboratories. 

A reverse passive latex agglutination (RPLA) test 
for detecting staphylococcal enterotoxins A, B, C 
and D is available (SET-RPLA, Oxoid TD900). The 
method uses latex particles sensitized with purified 
immunoglobulin to the different enterotoxins which 
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agglutinate over 24h in the presence of filtrates 
of cultures or food containing as little as 0.25 ng 
toxin/ml (Rose et al 1989). In addition to its sensi- 
tivity, the method is rapid, easy to perform, requires 
no sophisticated equipment and is therefore suited 
to the routine monitoring of food. 


Clostridium perfringens 


Foods commonly contaminated with ©. perfringens 
include meat, meat pies, poultry, stews and gravy. 


1. Prepare 10-fold dilutions of a 10% homogenate 
of the food sample in 0.1% peptone water. 

2. Count the viable C. perfringens bacilli and spores 
by plating 0.1 ml of the different dilutions on to 
duplicate plates of blood agar containing 5 mg of 
gentamicin/litre. Incubate the plates for 16-24h at 
37°C, one set aerobically (as a control) and the 
other anaerobically. 

Alternatively incorporate 1 ml of the dilutions 
into 25 ml of molten but cooled (50°C) Perfringens 
Agar (OPSP, Oxoid CM543) containing antibiotic 
supplements SR 76 and SR 77, mix well, pour 
into plates and allow to set. Incubate these plates 
anaerobically for 16—24 h at 37°C. 

3, Also inoculate 2—3 ml of the food homogenate 
into each of several tubes of Robertson’s cooked- 
meat broth containing 5 mg of gentamicin/litre. Heat 
some of the tubes for 1 h at 100°C. Incubate both 
the heated and unheated tubes overnight at 37°C. 
Then plate from each tube on to two pilates of gen- 
tamicin blood agar; incubate one plate aerobically 
and the other anaerobically overnight at 37°C. 

Heat-sensitive strains of C. perfringens produce 
wide zones of B haemolysis and do not grow from 
the heated tubes. Heat-resistant strains also grow 
from the heated tubes and are usually only slightly 
haemolytic. Perfringens Agar with supplements gives 
a high degree of selectivity and specificity for C. 
perfringens. The colonies are black through sulphite 
reduction, and other sulphite-reducing bacteria are 
inhibited. 

4. Identify isolates by Gram film, colony appear- 
ance and the Nagler test (Ch. 31). Then send 
subcultures to a reference laboratory for typing. 


The bacteriological diagnosis of C. perfringens food 
poisoning depends on the isolation of similar strains 
from the faeces of patients and from the suspected 
food. Although heat-resistant strains cause most 
outbreaks, food poisoning may also be caused by 
heat-sensitive strains, The finding of the same strain 
in large numbers, e.g. 10°/g or over, in the faeces 
and food is suggestive of the condition. 
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Bacillus cereus 


Food poisoning with B. cereus is most often caused 
by rice dishes. Because rice and other foodstuffs are 
often contaminated with small numbers of B. cereus 
bacilli and spores, too small to cause illness unless 
multiplying, it is only the demonstration that large 
numbers, e.g. > 10°/g, are present that indicates a 
causal role in the illness. A method of culture and 
enumeration by the Miles & Misra technique is 
described in Chapter 17. A simpler method 1s given 
below. 


1. Prepare a 10% homogenate of the foodstuff 
in 0.1% peptone water (Ch. 17). For dried rice, soak 
20 g rice in 90 ml tryptone water for 50 min at room 
temperature; then add 90 ml peptone water as 
diluent to obtain a 1-in-10 suspension. 

2. Spread 0.1 mi volumes of the l-in-10 suspen- 
sion and two further 10-fold dilutions of it on to 
_ plates of Holbrook & Anderson’s (1980) PEMBA 
selective medium. PEMBA can be obtained from 
Unipath as Bacillus Cereus Selective Agar Base 
(Oxoid CM617) with polymyxin supplement SR 99 
and egg-yolk emulsion SR 47. Incubate the plates 
at 37°C for 24h, then leave for a further 24h at 
room temperature (c. 22°C). 

3. Examine the plates for B. cereus colonies, large, 
round or irregular, blue coloured (not fermenting 
mannitol) and surrounded by a blue opaque zone 
of precipitated egg-yolk. Among Bacillus species, only 
B. thuringiensis appears similar. 

4. Identify the colonies as B. cereus by the staining 
method of Holbrook & Anderson (1980) which shows 
black lipid granules and green oval non-bulging 
spores in red cytoplasm (Ch. 45), and further tests 
as considered necessary (Ch. 17). 

5. Enumerate and report the number of B. cereus 
colonies/g food. 


Clostridium botulinum 


Suspect foods include those that are home-canned 
or bottled, meat, vegetables and fish. Whenever 
botulism is suspected on clinical grounds, experts 
should be consulted immediately and treatment 
begun. The condition may subsequently be con- 
firmed bacteriologically. Attempts can be made to 
isolate the organism as directed below, but even if 
successful, it may be of little significance. 


1. Homogenize the food in 0.1% peptone water 
and inoculate portions of the homogenate into 
several tubes of freshly steamed and cooled Robertson’s 
cooked-meat broth. 
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2. Heat half of the tubes at 75-80°C for 30min 
and allow them to cool. ? 

3. Incubate all the tubes for 3—5 days at 35°C. 

4. Plate out the cultures_on to~pre-reduced 
blood agar and egg-yolk agar plates and incubate the 
plates for 3-5 days at 35°C under strictly anaerobic 
conditions. 

5. Attempt to identify colonies as C. botulinum. 
This may be difficult as the organism has a variety 
of characteristics that, apart from neurotoxin pro- 
duction, may be shared by other non-pathogenic 
Clostridium spp. Moreover, some isolates of Clostridium 
spp other than C. botulinum have been found to 
produce the neurotoxin (Hall et al 1985, McCroskey 
et al 1986, 1991, Suen et al 1988). Probes to detect 
the neurotoxin gene have recently been described 
(Szabo et al 1992). 

6. Send subcultures of suspect or confirmed 
colonies to a reference laboratory. 


Mouse bioassay 


Unequivocal evidence to support the diagnosis of 
botulism requires the demonstration of C. botulinum 
neurotoxin. An ELISA method for type A toxin 
has been developed (Shone et al 1985) but the most 
sensitive method is that of the mouse bioassay. 

Inoculate a suspension of the food, or a suspect 
pure culture of the isolate, intraperitoneally into 
mice, some of which are protected with antitoxins 
specific for the different types of C. botulinum 
neurotoxin and others with polyvalent gas-gangrene 
antiserum. , 

Reference facilities for food-borne botulism in 
the UK are provided by the PHLS Food Hygiene 
Laboratory at Colindale, London. 


Campylobacter 


Suspect foods include raw or inadequately pasteurized 
milk and processed meat and chickens. 


1. Prepare a 10% homogenate of the food in 
0.1% peptone water and inoculate 0.1 ml amounts 
on to pairs of plates of a medium selective for 
campylobacter. Also add some of the homogenate 
to an enrichment broth selective for campylobacters 
(for selective media see Ch. 24). 

2. Incubate the enrichment broth culture at 42°C 
for 24h and then subculture on to plates as in 
step l. 

3. Incubate the plates for 48 h, some at 37°C and 
others at 42°C, all in an atmosphere of approximately 
5% O,, 10% CO,, and 85% N>. 


&: 
i r] 


a es be - 


ord 


“ty 


4. Examine the plates for flat watery colonies, 
demonstrate their content of oxidase-positive, Gram- 
negative spirally curved bacilli and confirm by 
standard methods (Ch. 24), 


Vibrio parahaemolyticus 


Suspect foods include raw fish and shellfish from 
warm seas, and foods derived from them. 


1. Homogenize the food in 0.1% peptone water 
and plate the homogenate on thiosulphate citrate 
bile-salt sucrose agar (Cholera Medium TCBS, 
Oxoid CM333; Ch. 24). Incubate overnight at 37°C. 

2. Also add a portion of the homogenate to an 
equal volume of double-strength alkaline (pH 8.8) 
peptone water (Ch. 24) and incubate overnight at 
25°C. Then subculture on to a TCBS agar plate 
and incubate the plate overnight at 37°C. 

3. Examine the plates for large (2-5 mm) green 
(i.e, not fermenting sucrose) colonies that are oxidase 
positive. Identify the colonies by biochemical tests 
(Ch, 24). 


Yersinia enterocolitica 


Suspect foods include raw or inadequately pasteurized 
milk and milk products, and oysters and mussels. 


1. Prepare a 10% suspension of the food in 
phosphate-buffered saline (pH 7.3), inoculate a 
portion of the suspension into selenite F broth 
(Ch. 21, Methods) and hold the culture for up to 6 
weeks at 4°C. 

2. Subculture the broth at weekly intervals on to 
plates of DCA (Ch. 21, Methods) or yersinia selec- 
tive agar (Oxoid CM653) containing supplement 
SRI109 and incubate for 24h at 32°C, 

3. Examine DCA plates for non-lactose-fermenting 
colonies and yersinia selective agar plates for dark 
red colonies. Test these colonies for urease activity, 
sucrose fermentation and motility at 22°C and per- 
form additional biochemical tests to confirm the 
identity of isolates giving positive reactions in all 
three tests (Ch. 28). 


Listeria monocytogenes 


This organism is widely spread in the environ- 
ment and its presence in animal or vegetable food is 
almost unavoidable. Foods especially liable to be 
infected with L. monocytogenes include soft cheese, 
paté, raw vegetable foods like coleslaw, seafood, 
poultry, refrigerated meats and dairy products, and 
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pre-cooked chilled meals. Because of the possibility 
of an aborted pregnancy or a stillbitth, pregnant 
women should not work with material likely to be 
contaminated with L. monocytogenes. 


1. If quantitative counts are required, convey the 
food to the laboratory in an ice box. See step 6. 

2. Homogenize 25 g food in 225 ml of a sterile 
enrichment broth selective for Listena such as 
Buffered Listeria Enrichment Broth (Oxoid CM897 
containing selective supplement SR 141) or Listerta 
Selective Enrichment Medium (Oxoid CM862 with 
supplement SR 149 for dairy products, or Oxoid CM 
863 with supplements SR 142 and 143 for meats and 
poultry). 

3. Incubate the homogenate at 30°C in air for up 
to 7 days to enrich for Listeria spp. 

4. After 1, 2 and 7 days incubation, inoculate 
0.1 ml of the enrichment broth culture on to a 
medium selective for Listeria such as either Listeria 
Selective Medium (Oxoid CM856 containing selec- 
tive supplements SR 140 or SR 157) or PALCAM 
Medium (Oxoid CM877 containing selective sup- 
plement SR 150) and incubate at 30°C or 37°C in 
air for 48 h. 

5. After 24 and 48 h examine the plates for typical 
colonies of Listeria. These are 1-2 mm diameter colo- 
nies of Gram-positive bacilli surrounded by a black 
zone because of aesculin hydrolysis. L. monocytogenes 
is almost always visible after 24h but incubation 
should be continued for slow-growing strains. — 

6. If quantitative counts of Listeria are required, 
make dilutions of the homogenized food in broth 
(step 2) and plate 0.1 ml dilutions on to one of 
the media in step 4 and proceed as directed above. 

7. Because several Listerta spp and more than 
one serotype of L. monocytogenes may be present, sub- 
culture several colonies of presumptive Listeria on to 
blood agar plates and after overnight incubation in 
air at 37°C examine for purity and f haemolysis. 
The latter reaction is important for the non-pathogen, 
L. innocua, which is non-haemolytic, is biochemically 
indistinguishable from L. monocytogenes. 

8, Confirm presumptive colonies as L. monocytogenes 
by appropriate biochemical tests (Ch. 16). 

9, If appropriate, determine the O serotype of 
the isolates, Agglutination kits for serotypes O] and 
O4 which cause most cases of human listeriosis are 
available (Difco). Because of cross-reactions with 
other Gram-positive bacteria, only strains biochemi- 
cally characterized as L. monocytogenes should be 
O-serotyped. 


L. monocytogenes should not be present in the 25 g 


food sample (Department of Health 1989), 
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Observations of the number of bacteria-carrying 
particles in air may be required in premises where 
safe working depends on the air’s content of bacteria 
being kept at a very low level, e.g. surgical theatres 
and premises where certain foods or pharmaceutical 
materials are prepared. In hospital wards in which 
there is an outbreak of cross-infection, it may be 
required to examine the air for its content of a parti- 
cular pathogen. The number of bacteria in the air 
at any time is dependent on a variety of factors, the 
most important of which are the number of persons 
present, the amount of their body movements and 
the amount of disturbance of their clothing: When a 
draught-free room is vacated and left undisturbed, 
the bacterial content of the air falls to a low level in 
the course of about 30 min. 


Various methods have been devised for measuring. 


the bacterial content of air. A primary distinction 
must be drawn between those that measure the 
rate at which bacteria-carrying particles, chiefly the 
larger particles, are settling by gravity from the air 
on to exposed surfaces, e.g. the settle plate method, 
and those that count the number of bacteria-carrying 
particles contained in a given volume of the air, 
e.g. the slit sampler method. Each bacteria-carrying 
dust particle or droplet-nucleus may contain from 
one to a hundred or more bacteria, though generally 
only a few. For further information and references, 
see Medical Research Council Report (1948), Wolf 
et al (1959), May (1967) and Noble (1967). | 


Settle plates 


Petri dishes containing an agar medium of known 
surface area, e.g. 65 cm’, are left open for a measured 


period of time. Large bacteria-carrying dust particles. 


settle on to the medium. The plates are incubated 
and a count of the colonies formed shows the number 
of settled particles that contained bacteria capable 
of growth on the medium used and under the con- 
ditions of its incubation. Blood agar is suitable for 
an overall count of the pathogenic, commensal and 
saprophytic bactena 1n the air, an appropriate selec- 
tive medium may be used to detect a particular 
pathogen that may be present tn only small numbers, 
and malt extract agar (e.g. Oxoid CM59) may 
be used for moulds. Incubation is generally aerobic 
and for 24 h at 37°C, though for saprophytic bacteria 
it should be for 3 days at 22°C and for moulds, 1-2 
weeks at various temperatures from 10—50°C. 

The optimal duration of exposure is that which 
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will give a significant and readily countable number 
of well separated colonies, e.g. 30-100, and will 
depend on the dustiness of the air. In occupied rooms 
and hospital] wards it is generally between 10 and 
60 min (Russell et al 1984), 


1. Pour plates and dry off any surface moisture. 
Mark them with distinctive numbers and prepare a 
record of the position, time and duration for the 
exposure of each. ' 

2. Uncover the plate in its chosen position for 
the measured period of time, then at once replace its 
lid. It is generally suitable to expose plates on tables 
and Jedges about 1 metre above the ground. 

3, Incubate the plates aerobically for 24 h at 37°C 
or otherwise as described above. 

4. Count the colonies, preferably with the use 
of a plate microscope to detect the smallest ones. 
Express the result as the number of bacteria-carrying 
particles settling on a given a area in a given period of 
time. 


The method has the advantage of simplicity, but 
measures only the rate of deposition of large particles 
from the air, not the total number of large and small 
bacteria-carrying particles suspended in it. Many 
plates may have to be used to obtain an overall 
assessment of conditions in a room, for the count on 
any one plate-is subject to wide variation from the 
effects of air currents and any temporary dust-raising 
disturbance in its vicinity. 


Slit sampler 


The most efficient and convenient of the devices for 
counting the bacteria-carrying particles suspended 
in a unit volume of air is the slit sampler introduced 
by Bourdillon et al (1941). It draws in air from the 
environment at a fixed rate and causes the suspended 
particles to impinge on the surface of an agar plate 
where, on incubation, each forms a colony. The effi- 
ciency of collection, even for the smallest bacterial 
particles, is very high. Thus, about 95% of small 
bacteria sprayed finely into the air from a suspension 
of distilled water so that they form droplet-nuclei 
about | um in diameter are collected. Even respira- 
tory secretion droplet-nuclei down to 0.25 um in 
diameter are collected in large numbers (Duguid 
1946). 

The original and most generally useful form of 
the device samples the air at the rate of 1 cubic foot 
(28.3 litres; 0.0283 m*) per minute. Depending on 
the dustiness of the air, samples of from 1-10 ff from: 
occupied rooms generally yield a conveniently count- 
able number of colonies per plate. Later modifi- 
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cations of the sampler (Medical Research Council 
Report 1948) enable large samples of clean air to be 
collected at the rate of 20 ft/min, and minute-to- 
minute variations in the bacterial content of the 
air to. be recorded. A derivative of the slit sampler 
separates and enables the counting of particles in four 
grades of size: >18 um, 10-l18um, 4-10 pm and 
<4 \tm (Lidwell 1959). For the measurement of low 
levels of contamination in ultra-clean air,a sampler 
that collects 700 litres air/min is recommended by 
Whyte et al (1983). Instruments may be purchased 
from Casella Ltd. _ 

A Petri dish 9 cm in diameter containing, for exam- 
ple, blood agar is held on a slowly rotating platform 
in a box closed by an air-tight door. The box is 
connected to a suction pump which maintains It at 
a negative pressure of 12 in (305mm) of water 
(i.e. 22.6 mm mercury). Air is sucked into the box 
through a slit 0.33mm wide and 27.5 mm long 
with vertical parallel sides about 3 mm deep. At the 
correct negative pressure, air will enter through a 
slit of these dimensions at the rate of 1 ft?/min. The 
slit is positioned above a radius of the plate at a 
distance of exactly 2mm from the surface of the 
agar. As the air-flow is bent laterally at the surface of 
the medium, the suspended particles are centrifuged 
forward on to the surface, where they adhere. If the 
plate remained stationary, the incoming particles 
would all be deposited in a narrow line. beneath the 
slit, but the rotation of the plate causes them to be 
spread over a large area. 


1. Pour plates with an even, bubble-free surface 
exactly level with the underside of the dish. Dry off 
any free surface moisture. Mark the plates with 
distinctive numbers and prepare a record of the 
position, time and size of the sample to be collected 
on each. 

2. Inspect the slit to ensure it is unblocked and free 
from dust. If necessary, clean it with alcohol and by 
the insertion of the edge of a piece of stiff paper. 

3. Open the door of the box and place the plate 
centrally and symmetrically on the circular platform. 
It may be necessary to have the platform covered 
with some adhesive or gripping material to ensure 
that the plate rotates with it and does not slip out 
of position due to vibration transmitted from the 
suction pump. | 

4. Raise the platform until the sensing device 
shows that the surface of the agar is just 2 mm below 
the slit and fix the platform to its axle at that level. 

5. At the correct time, start the motor that rotates 
the plate and the suction pump that evacuates the 
sampler. Watching the manometer that records the 
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negative pressure in the sampler, adjust the control- 
lable leak in the suction line so that the pressure is 
maintained at —12 in water or —22.6 mm mercury. 

6. After sampling for the time necessary to collect 
the required volume of air, switch off the suction 
pump and the rotor, open the door of the sampler, 
lower the platform and carefully remove the plate. 
At once cover the plate with its lid and incubate it. 
for 24 or 48 h at 37°C, or otherwise as required. 

7. Count the colonies, preferably with a magnifier 
or plate microscope to assist the detection of small 
ones. It may be found helpful to mark the plate 
into several parallel strips with the point of a sterile 
scalpel blade, so that the colonies may be counted in 
each strip in turn. Express the result as the number 
of bacteria-carrying particles per given volume of air. 


In siting and operating the sampler it should be 
borne in mind that the major source of bacterial 
contamination in the air of occupied rooms Is the 
liberation of dust from the skin and clothing by the 
body movements of the occupants (Duguid & Wallace 
1948). The operator should therefore avoid making 
unnecessary movements in the vicinity of the sampler 
and stand away from it while the sample is being 
taken. 

Disadvantages of the slit sampler are that it is noisy 
and relatively cumbersome. Noise can be reduced if 
the vacuum pump is enclosed with acoustic insula- 
tion. The sampler is best separate from the pump and 
not mounted on its casing lest vibration from the 
pump interferes with the positioning of the culture 
plate. Other sampler systems, e.g. the SAS (Surface 
Air System marketed by Cherwell) which include 
portable and remote operation instruments, are 
available. They sample up to 180 litres air/min but 
may be less efficient in collecting airborne particles, 
particularly the smaller ones. 


Air centrifuge 


The principle of centrifuging particles from the air 
on to culture medium was exploited by Wells (1933) 
in his air centrifuge in which the sampled air was 
passed along a tube lined with nutrient agar which. 
was rotated rapidly on its long axis. A portable, 
battery-powered instrument of this type is the Reuter 
centrifugal air sampler supplied by Biotest Folex. 
It resembles a large cylindrical torch bearing at one 
end an open-ended drum housing impeller blades. 
Air is drawn into the drum and subjected to centri- 
fugal acceleration which causes suspended particles 
to impact on culture medium borne on a plastic 
strip. After sampling, the strip is removed from the 
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instrument and incubated for 48h at 37°C, when 
colonies can be counted. 

This sampler is very convenient to transport and 
use and is suitable for most monitoring tasks, particu- 
larly if comparative rather than absolute measure- 
ments are required. However, it is less efficient than 
the slit sampler in detecting particles below 5 um 
in diameter and the size of the sample may not be 
accurately controlled (Clark et al 1981, Nakhla & 
Cummings 1981). It is inadequate, therefore, for 
testing ultra-clean areas. 


Air contamination standards 


The level of bacterial contamination of air is usually 
expressed “y the number of bacteria-carrying parti- 
cles per m° (bcp m””’) or the bioload (B). B can be 
calculated from the formula: 


1000 N — 
B =————- bcp m 
RT 


where N is the number of colonies counted on the 
sample plate, T’ is the duration of the test in min, 
and R is the air sampling rate 1n litres/min. In studies 
concerned with airborne infection of man, the parti- 
cles counted are those that carry bacteria capable of 
growth on blood agar during aerobic incubation for 
24 or 48 h at 37°C. Conventionally ventilated rooms 
commonly show contamination levels between 150/ 
m’ and 4000/m*, and deposition on settle plates 
at values from 10/m* to 1000/m? per min. The higher 
levels are observed when there are many occupants, 
much bodily movement or other dust-raising activities. 
Most of the contaminants are harmless saprophytes 
and commensals, and even when carriers or infected 
patients are present, usually less than 1%, and com- 
monly only 0.01-0.1%, of the airborne bacteria are 
pathogens. 

It is recommended that for conventional operating 
theatres the bioload should not exceed 35 in an empty 
theatre or 180 during an operation (Arrowsmith 
1985). It is suggested that for ultra-clean air operating 
theatres the bioload should be less than 1.0 im the 
centre of the empty theatre and less than 10 during an 
operation and should not exceed 20 at the periphery 
(Whyte et al 1983). 

Because carriers are commonly present, Staphylo- 
coccus aureus is the pathogen most commonly found 
in air, usually in numbers between 0.1/m?’ and 50/m’. 
In rooms occupied by patients with tonsillitis or 
infected wounds or burns, Streptococcus pyogenes 
may be present in similar numbers, Such levels of 
contamination may seem small, but it must be 
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remembered that an adult man inhales about 15 m° 
of air per 24h and a baby about 1 m°/24h. The 
probability of a person becoming infected will be 
greatest if he is exposed to a high concentration of 
airborne pathogens, but no level of contamination, 
however low, can be regarded as certainly safe. In- 
fection may usually be initiated by the deposition 
of a single infected particle at a favourable site in 
the respiratory tract, though the probability of any 
one such particle initiating infection is likely to be 
low for the common pathogens, e.g. 10 to 10° for 
the acquisition of. S. aureus in the nose (Lidwell 
1981). It may be high for some, e.g. for the acquisi- 
tion of Mycobacterium tuberculosis in the lungs (Riley 
1957). 
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METHODS: (1) MEDIA AND REAGENTS _ 


MacConkey broth, double strength 





Peptone 40 g 
Sodium taurocholate 10g 
Lactose 20 g 
Sodium chloride 10g 
Bromocresol purple, 1% (w/y) inethanol 2ml 
Distilled water 1 litre 


Dissolve the peptone, taurocholate (bile salt) and 
sodium chloride in the water by heating and store at 
4°C overnight. Filter while still cold, add the lactose 
and dissolve. Adjust the pH to 7.4 and add the 
bromocresol purple. Distribute in 10 ml and 50 ml 
volumes in tubes or bottles each containing an 
inverted Durham tube and autoclave at 115°C for 
10 min. 


MacConkey broth, single strength 


Dilute the double-strength medium with an equal 


volume of distilled water. Distribute in 5 ml volumes - 


in tubes or bottles each containing an inverted 
Durham tube and autoclave at 115°C for 10 min. 


Lauryl tryptose broth, double strength 


This medium is recommended as an alternative to 
MacConkey broth by the American Public Health 
Association (1976). Fermentation of lactose is shown 
by gas formation and the absence of a pH indi- 
cator dye allows the culture to be tested for indole 
production by the addition of rosindole reagent. 


Tryptose 40 ¢g 
Lactose 10g 
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Sodium chloride 10g 
Dipotassium hydrogen phosphate 5.52 
Potassium dihydrogen phosphate 5.5¢ 
Sodium lauryl] sulphate, pure 

(BDH 44244) 0.2¢ 
Distilled water 1 litre 


Add the tryptose, sodium chloride, lactose and 
phosphates to the water and warm to dissolve. Add 
the sodium lauryl] sulphate, mixing gently to avoid 
frothing. Adjust to pH 6.8. Prepare single-strength 
medium by diluting the double-strength medium 
with an equal volume of distilled water. Distribute 
the double-strength medium in 10m! and 50 ml 
volumes and the single-strength medium in 5 mi 
volumes in tubes or bottles each containing an in- 
verted Durham tube. Autoclave at 115°C for 10 min. 


Minerals modified glutamate medium, 
double strength 


The medium most strongly recommended for the 
enumeration of coliform bacilli by the multiple 
tube test is this improved formate lactose glutamate 
medium (modified from Gray 1964; Public Health 
Laboratory Service Standing Committee on the 
Bacteriological Examination of Water Supplies 1969). 


Lactose 20 g 


c(+) glutamic acid sodium salt 12.7 ¢ 
L(+) arginine monohydrochloride 0.04 ¢g 
L(—) aspartic acid 0.048 g 
L(—) cystine 0.04 ¢ 
Sodium formate 0.5 ¢ 
Dipotassium hydrogen phosphate 1.8¢ 


Ammonium chloride 5¢ 


Magnesium sulphate, MgSO,.7H,O 0.2 ¢g 
Calcium chloride, CaCl,.2H,O 0.02 g 
Ferric ammonium citrate, green scales 0.02 g 
Thiamine (aneurin hydrochloride) 0.002 g 
Nicotinic acid 0.002 g 
Pantothenic acid 0.002 g 


Bromocresol purple, 1% (w/v) in 
ethanol 2 ml 
Distilled water 1 litre 


Prepare in quantities of 10 litres, but add the lactose 
and thiarnine just before distributing in tubes. 

Some of the ingredients are convenientiy added 
to the rest as separate solutions prepared as follows. 


Solution I 

L(+) arginine monohydrochloride 0.4¢ 
L(—) aspartic acid 0.48 g 
Distilled water 50 ml 


Heat to dissolve. 
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Solution 2 

L(—) cystine 0.4g 

Sodium hydroxide solution, 5 mol/litre 10 ml 

Distilled water 90 ml 
Heat to dissolve. 

Solution 3 

Nicotinic acid 0.02 ¢ 

Pantothenic acid 0.02 g 

Distilled water 5 ml 
Dissolve in the cold. 

Solution 4 

Ferric ammonium citrate 0.2¢g 

Distilled water 10 ml 
Heat to dissolve. 

Solution 5 : 

Calcium chloride, CaCl,.2H,O 5g 
_ Distilled water ‘a ie 100 ml 

Concentrated hydrochloric acid 0.1 ml 


Dissolve in the cold, sterilize at 121°C for 20 min 
and keep as a stock solution. 


Solution 6 
Thiamine, best from 100 mg ampoule 100 mg 
Distilled water 100 ml 


Add sterile thiamine to sterile distilled water and 
store at 4°C for up to 6 weeks. 

Prepare 10 litres of double-strength medtum. Dissolve 
the appropriate quantities of glutamic acid sodium 
salt, sodium formate, dipotassruam hydrogen phos- 
phate, ammonium chloride and magnesium sulphate 
in 9 litres of hot distilled water. Then add the 
whole volumes of solutions 1, 2, 3 and 4, and 4 ml of 
solution 5. Adjust the pH to 6.8 or as high as will give 
pH 6.7 after sterilization. Add 20 ml of 1% bromo- 
cresol purple in ethanol. Make up with distilled water 
(c. 810 ml) to 10 litres. Bottle in 500 ml volumes 
and autoclave at 115°C for 10 min. 

For use, add the necessary amount of lactose and 
thiamine (solution 6), allow to dissolve and distribute 
in 10 ml and 50 ml volumes in tubes or bottles con- 
taining inverted Durham tubes. Sterilize at 115°C 
for 10 min. 

Single-strength medium. Dilute the double-strength 
medium with an equal volume of distilled water and 
distribute in 5 ml volumes in tubes containing inverted 
Durham tubes, .and sterilize at 115°C for 10 min. 


Brilliant green lactose bile broth 
Peptone 10g 
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Lactose 10g 
Ox bile, purified and dehydrated 20 g 
Brilliant green, 0.1% (w/v) in water 13 ml 
Distilled water 1 litre 


Dissolve the peptone in 500ml distilled water. 
Dissolve the ox bile in 200 ml distilled water; the pH 
should be between 7.0 and 7.5. Add the bile solution 
to the peptone solution, make up with distilled water 
to about 975 ml, add the lactose and adjust the pH 
to 7.4. Add the brilliant green and make up the 
volume to | litre. Distribute 5 ml volumes in tubes 
containing inverted Durham tubes and autoclave 
at 115°C for 10 min. 


Tryptone water 


Certain peptones are unsatisfactory for the indole 
test in cultures grown at 44°C (Burman 1955), Oxoid 
tryptone has been found satisfactory. 


Tryptone, Oxoid L42 20g 
Sodium chloride 5g 
Distilled water 1 litre 


Dissolve the. ingredients in the water, adjust to 
pH 7.5, distribute in 5 ml volumes and autoclave at 
115°C for 10 min. 


Membrane lauryl! sulphate broth 


This medium is recommended by the Public Health 
Laboratory Service and Standing Committee of 
Analysts (1980) for coliform counts by the membrane 
filtration method. : 


Peptone 40 g 
Yeast extract 62 
Lactose 30g 
Sodium laury! sulphate, pure 

(BDH 44244) lg 
Phenol red, 0.4% (w/v) in water 50 ml 
Distilled water 1 litre 


Add the ingredients to the water and mix gently to 
avoid frothing. Adjust the pH to about 7.6, so that 
the pH after sterilization becomes 7.4—7.5. Distribute 
in screw-capped bottles and autoclave at 115°C for 
10 min. 


Lactose peptone water with phenol red 


Peptone 10g 
Sodium chloride 5g 
Lactose 10g 
Phenol red, 0.4% (w/v) in water 2.5 ml 
Disulled water 1 litre 
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Dissolve the ingredients in the water and adjust to 
pH 7.5. Add the phenol red and distribute in 5 ml 
volumes in tubes with inverted Durham tubes. 


Autoclave at 110°C for 10 min. Alternatively, steam — 


at 100°C for 10 min on three successive days. Test 
for sterility by incubating at 37°C for 24h. 


Glucose azide broth 


This medium is recommended by Hannay & Norton 
(1947) for the recognition of faecal streptococci from 
cultures of water samples. Prepare double-strength 
medium as follows and dilute with an equal volume 
of distilled water to prepare single-strength medium. 


Peptone 20g 
Sodium chloride 10g 
Dipotassium hydrogen phosphate 10g 
Potassium dihydrogen phosphate 4g 
Glucose 10g 
Yeast extract | : 6g 
Sodium azide 0.5¢ 
Bromocresol purple, 1.6% (w/v) in 

ethanol 4 ml 
Distilled water 1 litre 


Dissolve the ingredients in the water and adjust to pH 
6.6—6.8. Distribute in tubes or bottles and autoclave 
at 115°C for 10 min. Note. Sodium azide is highly 
toxic if ingested or inhaled. Solutions containing it 
should not be discharged through metal pipework. 


Bile aesculin azide agar 


Peptone 10g 
Meat extract 10g 
Ox bile, purified and dehydrated 10g 
Sodium chloride 5g 
Aesculin | lg 
Sodium azide 0.15¢ 
Ferric ammonium citrate, green scales 0.5¢ 
Agar 10g 
Distilled water I litre 


Dissolve the ingredients in the water by heating at 
100°C. Adjust to pH 7.0 and sterilize at 115°C for 
10 min, Pour into plates and store at 4°C in sealed 
containers to prevent drying. 


Membrane enterococcus agar 


This medium is recommended by Slanetz & Bartley 
(1957) for counting faecal streptococci in water by 
the membrane filtration method. 


Tryptose, Oxoid L47 20g 
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Yeast extract 5g 
Glucose 22 
Dipotassium hydrogen phosphate 4g 
Sodium azide 0.4¢g 
2,3,5-triphenyltetrazolium chloride 

(TTC), 1% (w/v) in water 10 ml 


Agar | 12g 
Distilled water 1 litre 


Dissolve the ingredients, except the TTC, in the 
water, heating at 100°C. The -pH should be 7.2. 
Add the TTC solution, previously sterilized by filtra- 
tion, mix and at once pour into Petri dishes. Do not 
store and re-melt. Poured plates may be kept in a 
sealed container at 4°C for up to 6 months. 


Differential reinforced clostridial medium 
(DRCM) 


This medium was recommended by Gibbs & 
Freame (1965) for the recovery of sulphite-reducing 
clostridia from food and is useful for the counting 
of C. perfringens in water by the multiple tube test. 
Make up double-strength medium as follows and 
dilute with an equal volume of distilled water to 
prepare single-strength medium. 


Basal medium 


Peptone 20g 
Meat extract 20g 
Sodium acetate, hydrated 10g 
Yeast extract 3g 
Soluble starch 2g. 
Glucose 22g 
L(—) cysteine hydrochloride lg 
Distilled water 1 litre 


Prepare the basal double-strength medium by add- 
ing the peptone, meat extract, sodium acetate and 
yeast extract to 800 ml of the water. Dissolve the 
starch in the remaining 200 ml, first making it into 
a slurry with a little of the water, then boiling the rest 
of the water and stirring it into the cold slurry. Add 
the glucose and cysteine, dissolve and adjust to pH 
7.1-7.2. 

Distribute 10 m] and 50 ml volumes of the double- 
strength basal medium into, respectively, 28 ml and 
125 ml screw-capped bottles, and 25 ml volumes of 
the single-strength basal medium into 28 ml screw- 
capped bottles. Autoclave at 121°C for 15 min. 

Sodium sulphite and ferric ammonium citrate solutions. 
Prepare solutions of sodium sulphite (anhydrous) 
4" and ferric ammonium citrate (green scales) 7% in 
distilled water, heating the latter to dissolve. Sterilize 
by filtration. The solutions may be stored at 4°C 

for up to 14 days. 
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Final medium. On the day of use, mix equal 
volumes of the sodium sulphite and ferric ammo- 
nium citrate solutions. Freshly steam and cool the 
basal media to exclude dissolved oxygen. Aseptically 
add 0.4 ml and 2.0 ml, respectively, of the sulphite— 
iron mixture to each 10 ml and 50 ml volume of 
the double-strength basal medium, and 0.5 ml to 
each 25 ml volume of the single-strength medium. 


Membrane clostridial agar 


This medium, modified from Burman et al (1969), 
is used for counting C. perfringens in water by the 
membrane filtration method. 


. Basal medium 


Peptone 10g 
Meat extract 3¢g 
Glucose 20 g 
Sodium chloride 5¢ 
Agar ; 15¢ 
Distilled water 1 litre 


Prepare the basal medium by dissolving the ingre- 
dients in the water, heating at 100°C. Adjust to pH 
7.6 by adding a little 1 mol/litre sodium hydroxide. 
Distribute in 18 ml volumes in 28 ml screw-capped 
bottles and sterilize at 121°C for 15 min. 


~ Sodium sulphite solution 
Sodium sulphite, anhydrous 
Distilled water 


Dissolve and sterilize at 121°C for 15 min. 


10g 
100 ml 


Ferrous sulphate solution 
Ferrous sulphate, crystalline 8g 
Distilled water 100 ml] 


Dissolve at 100°C and sterilize at 121°C for 15 min. 


Final medium. Melt 18m] basal medium, cool 
to 50°C and add aseptically 1 ml sodium sulphite 
solution and 0.1 ml ferrous sulphate solution. Mix 
gently and pour over the membrane in a Petri dish. 


Violet red bile lactose (VRBL) agar 


This selective medium is recommended for detecting 
coliforms in milk. Dehydrated medium is available 
from Oxoid (CM107), 


Yeast extract 3g 
Peptone 1g 
Sodium chloride 5g 
Bile salts 15g 
Lactose 10g 


Neutral red 


ES 


ot 





PRACTICAL MEDICAL MICROBIOLOGY 


Crystal violet 2mg 
Agar 12g 
| ‘Distilled water 1 litre 


Dissolve all ingredients but agar in the water and 
adjust the pH to 7.4. Add the agar and bring to the 
boil. No further sterilization procedure is necessary 
or desirable. Cool the medium to 47°C and use 
within 3h. Include a control plate for a check on 
sterility. The medium should be made up fresh each 
time. The selectivity of the medium diminishes 


| after 24 h incubation. 


Yeast extract agar 


This is the medium recommended for making plate 
counts of the bacteria in drinking water. Dehydrated 
medium is available from Oxoid (CM19). 


Yeast extract 3g 
Peptone ; +g 
Agar I5¢g 


Distilled water 1 litre 


Dissolve the yeast extract and peptone in the water. 
Adjust to pH 7.2. Add the agar and heat at 100°C 
to dissolve. Distribute in 15 ml volumes in 28 ml uni- 
versal containers or larger volumes in screw-capped 
bottles and autoclave at 115°C for 10 min. 


Milk plate count agar 


This medium is recommended for making plate 
counts of the bacteria in milk supplies and rinse water 
from dairy and food utensils. It is prepared in the 
same way as yeast extract agar, but 10 ml fresh or 
spray-dried, skim or whole milk is added per litre 
of the broth at the same time as the agar is added. 
A dehydrated medium is available (Oxoid CM21). 


Buffered peptone water 


This medium is recommended for the resuscitation 
of salmonellae and other pathogenic bacteria collected 
from water on filter pads or sewer swabs (Edel & 
Kampelmacher 1973). 


Peptone 10g 
Sodium chionde 5g 
Disodium hydrogen phosphate, 


anhydrous 3.5 g 


Potassium dihydrogen phosphate, 
anhydrous 15g 
Distilled water 1 litre 


Dissolve the ingredients in the water, distribute in 
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screw-capped bottles and autoclave at 115°C for 
10 min. The pH should be 7.2. 


Quarter-strength Ringer's solution 


Sodium chloride 2.2582 - 
Potassium chloride 0.105 g 
Calcium chloride, anhydrous 0.12¢g 
Sodium bicarbonate 0.052 
Distilled water 1 litre 


Dissolve the ingredients in the water, dispense in 
convenient volumes in screw-capped bottles and 
autoclave at 121°C for 15 min. | 


Filter-aid 


This preparation of powdered kieselguhr is used to 
cover a filter pad for the recovery of pathogenic 
bacteria from water (Hammarstrém & Ljutov 1954). 


Hyflo-supercel (BDH 33216) lg 


Distilled water 15 ml 


Add the powder to the water in a screw-capped 
bottle and autoclave at 121°C for 15 min. Shake 
and pour over the filter pad before filtering the 
sample of water. 


METHODS: (2) TABLES OF MOST 
PROBABLE NUMBERS ~ 


These tables, based on the work of Swaroop (1938, 
1951), are used to derive the most probable number 
(MPN) of bacteria per 100 ml in a sample of water 
from the numbers of positive and negative reactions 
in replicate tests of different volumes of the sample 
examined by the multiple tube method. Adhere to 
the following rules. 


1. Refer only to the results of the replicate tests 
on three consecutive sample volumes, namely the 
smallest volume giving some positive reactions and 
the two immediately larger volumes (examples a and 
b, Table 51.5). Multiply the MPN value from the 
table by the preliminary dilution factor, if any, to 
obtain the MPN/100 mi of the original sample. When 
volumes of undiluted sample have been tested, read 
the MPN/100 ml directly from the table. 

2. If possible, use results for volumes for which 
the results are neither all positive nor all negative. If 
this is not possible, use results for volumes giving 
positive rather than negative reactions (example c, 
Table 51.5). 
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3. If less than three volume sets give positive 
reactions start with the largest volume set giving a Revised tables 
negative reaction (example d, Table 51.5). 


ie ee ; The above tables of t probable number are 
4. If only one volume set gives a positive reaction, b most p € € 


- | : ia based on the assumption that the sample is a small 
refer to this set and the one higher and the one lower part of a large homogeneous body. Tillett ( 1987) has 


(example e, Table 51.5). suggested that this assumption is unrealistic, parti- 

Confidence limits. The MPN value may differ cularly for drinking water and recreational water 
considerably from the actual number of bacteria per and has provided revised tables (Table 51.9). She 
100 ml. The 95% confidence limits are shown for suggests that since the multiple tube method cannot 
the values derived in Table 51.6, Those for the values provide a precise count, it is more appropriate to 
in Tables 51.7 and 51.8 may be obtained by reference report the most probable range of numbers of 
to Swaroop (1951). organisms. 
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Appendix 1 


Abbreviations and conversion factors 





= & 
7) 
7 
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gram 
kilogram (1 kg = 1000 g) 


= 
TT 


mg = milligram (1 mg = 10° g) 
ig = microgram (1 pg = 10° g) 
ng = nanogram (1 ng = 10°” g) 
pg = picogram (1 pg = 10 g) 
Ib = pound weight avoirdupois (1 lb = 453.6 g) 


Length and area 


m = metre 
cm = centimetre (1 cm = 10° m) 
mm-= millimetre (1 mm = 10° m) 
um = micrometre (1 pm = 10° m) 
nm = nanometre (1 nm = 10” m) 
in = inch (1 inch = 2.54cm) 
ft = foot (1 ft = 12in) 
in? = square inch (1 in? = 6.45cm’) 
Volume 
] = litre (1 litre = 1.76 pints) 
ml = millilitre (1 ml = 10° litre) 
ul = microlitre (1 pl = 10° litre) 
OZ = fluid ounce (1 oz = 28.41 ml) 
ft? = cubic foot (1 ft’ = 28.3 litre) 
l pint = 568ml 
1 gallon (British Imperial) = 8 pints 

= 4,55 litres 


Dilutions and titres 


Dilutions are stated as integers, not as fractions. 
Thus, a ‘ten-fold dilution’ denotes a dilution of 
one part of the original material in ten of the final 
solution. This is a dilution of 10, not 1:10, and 


not 1071 or .. Similarly, titres (endpoint dilutions) 
are positive numbers, not fractions. 


Pressure 


1 normal atmosphere 

1 bar 

14.7 lb per in? (p.s.i.) 

760 mm Hg 

10° Newtons/m?* (N/m‘*) 

100 kiloPascals (kPa) 

1 mm Hg = 133 Pascals (Pa) 
= 13.6 mm water 


i 


i Wd ou dl 


Temperature 


C = Centigrade or Celsius; F = 
Conversion of °C to °F: 
x°C = (1.8x + 327F 


Fahrenheit 


Other abbreviations 


h 
min 
S 
mol] 
mol/litre 
rev/min 
mV 
LD50 


hour 

minute 

second 

mole (gram-molecular weight) 

molar (M) 

revolutions per minute (rpm) 

millivolt 

average lethal dose 

MLD minimum lethal dose 

MHD minimum haemolytic dose 

% = per cent. The percentage concenttation of 
a solution is stated as g of solute per 100 ml 
of solution, i.e. (w/v). Unless otherwise 
indicated the solvent is water. Yo (v/v) = ml 
of substance per 100 ml of mixture. 

force of gravity 

international unit 


No oul 
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Appendix 2 


Postal regulations 





Precautions to be observed by users of micro- 
biological services in the delivery of specimens to 
their local laboratories are outlined in Chapter 3. 
When pathological specimens have to be packaged 
and sent by post, special safety regulations apply 
at national and international levels. ‘These must be 
rigorously observed: 


Nationai regulations for inland post 


For users in the UK, the Royal Mail gives detailed 
instructions on the transmission of pathological 
specimens by post in their publication Mailguide 
obtainable (price £25) from Roya! Mail Mailguide 
at 20 Brandon Street, Edinburgh EH3 OSP (Tel. 
0131 550 8955). Specific inquires should be ad- 
dressed to regional Royal Mail Customer Service 
Centres listed in the guide. Pathological specimens 
are defined as any biological material sent for medica! 
examination or analysis, including therapeutic and 
diagnostic substances which may contain living 
organisms. Specimens known or suspected to contain 
Hazard Group 4 pathogens (see Ch. 3) cannot be 
sent by post. 

In the UK, members of the public are not allowed 
to send any pathological specimen by post except at 
the specific request of one of the following authorized 
persons Or institutes: 


@ qualified medical practitioner 

® registered dental practitioner 

® registered veterinary surgeon 

® registered nurse 

® registered osteopath 

® recognized laboratory or institute. 


The authorized’ person or institute responsible for 
making the request is also responsible for giving 
instructions on the proper transmission of the speci- 
men (see below) and for supplying suitable packaging 
that conforms to specifications laid down by the 
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postal authorities. Users of laboratory services in 
other countries must observe the equivalent national! 
postal regulations. 


Packaging 


In general, pathological material to be sent by 
post should have three layers of containment incor- 
porating sufficient absorbent wrapping to prevent 
any possible leakage frorn the package if the primary 
container is damaged. The first component is usu- 
ally a robust sealed container (not exceeding 50 ml 
Capacity, except by prior arrangement with Royal 
Mail). This may be a sealed glass ampoule, or a small 
screw-capped glass bottle with a watertight seal, or 
a swab or specimen securely sealed in a leakproof 
plastic or glass tube. The container must be wrapped 
in sufficient absorbent material to contain all possible 
leakage in the event of damage. Multiple specimen 
packs are acceptable, provided that each container 
is separated and adequately protected by soft absorb- 
ent padding. The second component may be a pro- 
tective leakproof plastic tube with stoppered ends, 
or a sealable plastic bag or equivalent. This item is 
in turn immobilized by suitable absorbent packing. 
The third component is usually a box or case made of 
polystyrene, fibreboard, cardboard, wood or metal; 
this will normally also contain the relevant corre- 
spondence and details of the specimen, but the 
documentation within component three must be 
clearly separate from the specimen container within 
components one and two. The box is sealed and la- 
belled and may be posted directly but is preferably 
sent in a padded envelope for further security. The 
packet must be conspicuously marked and must 
bear the words PATHOLOGICAL SPECIMEN: 


- FRAGILE WITH CARE in bold capital letters. 


The sender’s name and address must also be shown 
on the outer cover. The specimen must be sent by 
First Class post. 
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international regulations 


The World Health Organization Biosafety Manual 
(1983) gives information on safe shipment of speci- 
mens and infectious substances, with details of the 
packaging requirements. In the UK, the Royal Mail 
Mailguide and the Royal Mail International Service 
Guide should be consulted. Contact the Royal Mail 
International Department at Fenton Way, Basildon, 
Essex SS15 4BR. Specialist commercial agencies 
such as the International Dangerous Goods Manage- 
ment Support Group now have much experience 
in this field and can provide a comprehensive service 
with: detailed. definitions of categories, packaging 
requirements, shipping instructions and Customs 
Regulations. The UK agency of Dangerous Goods 
Management is at Unit 1, Falcon Way, North Feltham 


REFERENCES 


Control of Substances Hazardous to Health (COSHH) 
regulations 1988 SI 1988 BNo. 1657. HM Stationery 
Office, London 

Health and Safety Commission Health Services Advisory 
Committee 1991 Safety in health service laboratories. 
Safe working and the prevention of infection in clinical 
laboratories. HM Stationery Office, London 
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Trading Estate, Feltham, Middlesex TW14 0UQ 
(Tel. 44.81.893.7092). For shipment of specimens 
by air, the regulations published by the International 


Air Transport Association should be consulted and 


carefully observed. 

Packages with pathological specimens to be sent 

by Overseas Post from the UK must be sent by Air 
Mail (not Air Freight) in carefully addressed regis- 
tered letter packets labelled clearly PERISHABLE 
BIOLOGICAL SUBSTANCE, DANGEREUX 
on the outer package and also bearing the sender’s 
laboratory address. 
_ Note: The packaging of pathological material to 
be posted or otherwise transferred from a laboratory 
must be done by a suitably trained and qualified 
member of staff, not by a member of the secretarial 
or portering staff. 


Royal Mail Mailguide 1995 Royal London House, 22 
Finsbury Square, London EC2A 1NL 

World Health Organization 1983 Laboratory biosafety 
manual. WHO, Geneva , 
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Addresses of manufacturers and suppliers 





3M 


3M Health Care 
Morley Street 
Loughborough 
Leicestershire 
LE11 1EP 


3M Medical Products Division 
3M Center 

Minnesota 55144 

USA 





AB BIODISK 
from CAMBRIDGE DIAGNOSTICS 


or 
AB Biodisk 
Pyramidvagen 7 
S-171 36 Solna 
Sweden 


ABBOTT 


Abbott Diagnostics Division 
Abbott House 

Moorbrndge Road 
Maidenhead 

Berkshire 

SL6 8XZ 


Abbott Laboratones 
Diagnostics Division 
Abbott Park 

North Chicago 
Illinois 60064 

USA 


ACCURATE CHEMICAL CO 


Accurate Chemical & Scientific Co 
300 Shames Drive 

Westbury 11590 

New York 

USA 


ADI 


ADI 

30 Meridan Road 
Rexdale 

Ontano 


MOW 477 
Canada 


AJAX 


Ajax Chemicals 

PO Box 6226 
Silverwater 

sydney 

New South Wales 2128 
Australia 


ALPHA 


Alpha Laboratories 
40 Parham Drive 
Eastleigh 
Hampshire 

S05 4NU 


AMERSHAM 


Amersham Internationa! 
White Lion Road 
Amersham 
Buckinghamshire 

HP7 9LL 


Amersham International 
2636 S Clearbrook Drive 
Arlington Heights 
Illinois 60005 

USA 


AMES 
from MILES 





AMICON 


Amicon Ltd 
Upper Mill 
Stonehouse 
Gloucestershire 
GL10 2B] 


W R Grace & Co 
Amicon Division 

24 Cherry Hill Drive 
Danvers 

Minnesota 01923 
USA 


ANACHEM 


Anachem Ltd 
Anachem House 
20 Charles Street 
Luton 
Bedfordshire 

LU2 0OEB 
ANALYTAB 
Analytab Products Inc 
200 Express Street 
Plainview = 
New York 

USA 





API 
from BIOMERIEUX 


APPLIED BIOSYSTEMS 
from PERKIN ELMER 


ARMOUR 


Armour Pharmaceutical Co 
St Leonard’s House 

St Leonard’s Road 
Eastbourne 

Sussex 

BN21 3YG 


Armour Pharmaceutical Co 
Suite 4000 

1 Sentry Parkway 

Blue Bell 

Pennsylvania 19044 

USA 





ATCC 


American Type Culture Collection 
12301 Parklawn Dnve 

Rockville 

Maryland 20852-1776 

USA 





ATLAS 


Atlas Chemicals 
Honeywell & Stein Ltd 
Mill Lane 
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Carshalton 
Surrey 


Adas Chemical Division 
ICI America Inc 

Hill Top Research Inc 
Miamiville 

Ohio 

USA 


BAIRD & TATLOCK 


Baird & Tatlock (London) 
PO Box | 

Romford 

Essex 

RMI 1FLA 


BAYER 


Bayer UK Lid 
Bayer House 
Strawberry Hill 
Newbury 

Berkshire 

RG13 1JA - 


Miles Pharmaceutical 
400 Morgan Lane 
West Haven 
Connecticut 

USA 


BBL 


from BECTON DICKINSON or 


BBL Microbiology Systems 
PO Box 243 

Cockeysville 

Maryland 21030 

USA 


BDH 
from MERCK 
BECTON DICKINSON 


Becton Dickinson UK Ltd 
Between Towns Road 
Cowley 

Oxford 

OX4 3LY 





BEHRING 


Behring Diagnostics 
Hoechst UK Ltd 
50 Salisbury Road 
Hounslow 
Middlesex 

TW4 6JH 


Behring Diagnostics 

10933 North Torrey Pines Road 
La Jolla 

California 92037 

USA 
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BIBBY STERILIN 


Bibby Sterilin 
Tilling Drive 
Stone 
Staffordshire 
ST15 OSA 


BIO/CAN AMERICA 


Bio/Can America Inc 
PO Box 8129 
Portland 

Maine 04104 

USA 


BIOCONNECTIONS 


Bioconnections 
6 Scarsdale Lane 
Bardsley 

Leeds 

LS17 9BH 


BIOMEN 


Biomen Diagnostic Division 
Tripod House 

105/107 Landsdowne Road 
Croydon 

Surrey 

CRO ZEN 


BIOMERIEUX 


boMeéneux UK 
Grafton Way 
Basingstoke 
Hampshire 
RG22 6HY 


bioMérieux SA 
69280 Marcy-l’Etoile 
France 


bioMéneux Vitek Inc 
595 Anglum Drive 
Hazelwood 

Missoun 63042-2395 
USA 


BIO-RAD 


Bio-Rad Laboratones 
Bio-Rad House 
Maylands Avenue 
Hemel Hempstead 
Hertfordshire 

HP2 7TD 


Bio-Rad Laboratones 
Chemical Division 

1414 Harbour Way South 
Richmond , 
California 94804 

USA 


BIOTEST FOLEX 
Biotest Folex Ltd 





1649 Pershore Road 
Birmingham . 
B30 3DR 


BOEHRINGER 


Boehringer Mannheim House 
Bell Lane 

Lewes 

East Sussex 

BN7 1LG 


Boehringer GmbH 
Mannheim | *S 
Germany 
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BOULE 
from LAUNCH or 


Boule Diagnostics AB 
Huddinge 
Sweden 


BRADSAVE 


Bradsave Biologicals Ltd 
67a Brook Street 
Shepshed 
Loughborough 
Leicestershire 

LE12 9RF 


BRESA 


Bresatec Ltd 

PO Box 11 | 
Rundle Mall | 
Adelaide | 
South Australia 5000 
Australia | 


BRL (Gibco BRL) | 
from LIFE SCIENCES 
CALBIOCHEM 


Calbitochem-Novabiochem UK. Ltd 
Unit C2A 

Boulevard Industrial Park 

Beeston 

Nottingham 

NG9 2JR 


Calbiochem-Novabiochem Corp 
10394 Pacific Center Court 

san Diego 

California 92121 

USA 


CAMBRIDGE DIAGNOSTICS 


Cambridge Diagnostics 
Horseheath 

Cambridge 

CBl1 6RG 


CAMBRIDGE INNOVATION 
Cambridge Innovation Ltd 
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Unit 140 

Cambridge Science Park 
Cambridge 

CB4 4GF 





CAMLAB 


Camlab Ltd 
Nuffield Road 
Cambridge 
CB4 1TH 





CAMPBELL BRUSHES 


Campbell Brushes Ltd 
Cromwell Street 
Dudley 

West Midlands 





CASELLA 


Casella London Ltd 
Regent House 
Wolesley Road 
Kempston 

Bedford 

MK42 7JY 





CENTOCOR 


Centocor UK Ltd 
Captia House 
Guildford 

Surrey 








CHERWELL 


Cherwell Laboratories 
114 Churchill Road 
Bicester 

Oxfordshire 

OX6 TAB 





COBAS 
from ROCHE 








COOKE 


Cooke Laboratory Products 
Cooke Engineering Co 

900 Slaters Lane 
Alexandria 

Virginia 22314 

Australia 





COULTER 


Coulter Electronics 
Northwell Drive 
Luton 
Bedfordshire 

LU3 3RH 





CPHL 


Central Public Health Laboratory 
61 Colindale Avenue 

London 
NW9 5HT 





CSL 

CSL Lid 

54 Poplar Road 
Parkville 
Victoria 3052 
Australia 





CYANAMID 
Cyanamid 
Gosport 
Hampshire 





DAKO 


Dako Ltd 

16 Manor Courtyard 
Hughenden Avenue 
High Wycombe 
Bucks 

HP13 5RE 


Dako Corporation 
6392 Via Real 
Carpinteria 
California 93013 
USA 


Dakopatts A/S 
Produktionsve} 42 
PO Box 1359 

DK 2600 Giostrup 
Denmark 
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DENKA SEIKEN 


Denka Seiken 
Churchill Diagnostics 
Suite 1 

5 Ridge Street 

North Sydney 
Australia 2060 


Denka Seiken Co Ltd 
12-1 Kabutocho 
Nihonbashi 

Chuo-Ku 

Tokyo 

Japan 103 





DENLEY 


Denley Instruments Ltd 
Daux Road 
Billingshurst 

Sussex 

RH14 9S] 





DIATECH 

Diatech Diagnostics Inc 
PO Box 860 

Boston 

Massachusetts 02134 
USA 


DIFCO 


Difco Laboratories 
PO Box 14b 


Central Avenue 
East Molesey 
Surrey 

KT8 OSE 


Difco Laboratories Inc 
Box 1058A 
Detroit 


_ Michigan 48232 


USA 





DOW 

Dow Chemica! Co 
Michigan 

USA 





DU PONT 


Du Pont UK 
Biotechnology Division 
Wedgewood Way 
Stevenage 
Hertfordshire 

SG1 4QN 


Du Pont Technology 
Barley Mill Plaza 
Chandler Building 
Wilmington 
Delaware 19898 
USA 


DYNAL 


Dynal UK Ltd 
26 Grove Street 
New Ferry 
Wirral 

L62 5AZ, 


Dynal Inc 

475 Northern Boulevard 
Great Neck 

New York 11021 

USA 








DYNATECH 


Dynatech Laboratones 
Daux Road 
Billingshurst 

Sussex 

RH14 9S] 





EDWARDS 


Edwards High Vacuum 
Manor Royal 

Crawley 

West Sussex 

RH10 2LW 


Edwards High Vacuum Inc 
3279 Grand [sland Bd 
Grand Island 

New York 14072 

USA 
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ELGA GENETIC SYSTEMS | HENDLEY 
Elga Ltd Genetic Systems C A Hendley 
Lane End Syva UK erie Oakwood Hill 
High Wycombe 23-25 Marlow Road Industrial Estate 
Buckinghamshire Maidenhead Loughton 
HP14 3JH Berkshire Essex 
SL6 7AA IG10 3TZ 
ELKAY a 
Genetic Systems 
Elkay Laboratory Products SOE Pesek Aveo HITACHI 
oe Seattle Hitachi Scientific Ltd 
“2 Washington 98121 Nissei Sangyo Co Ltd 
pny ipsa USA ini | Merlin Building 
: Ivanhoe Road 
Elkay Products Inc GIBCO Hogwood Lane 
800 Boston Turnpike , : Finchampstead 
Shrewsbury from LIFE TECHNOLOGIES Wokingham 
Minnesota 01545 | RG11 4QQ 
USA GILSON ee 
| Hitachi 
FALCON from ANACHEM or i. ee 
from BECTON DICKINSON _ Medical Electronics (France) Ibaragi 312 
: 3 Japan 
FLOW sy 
| F95400 Villiers-le-Bel | 
from ICN BIOMEDICALS France BOBCHST 
| Hoechst UK Ltd 
FORMA GLAXO Hoechst House 
= Salisbury Road 
from LIFE SCIENCES Glaxo Laboratories Ltd Slouraioer 
iene Greenford Road Middlesex 
FUJIREBIO Greenford TW4 6JH 
from MAST or Middlesex 
—Y UB6 OHE Hoechst A G 
FujirebioInc Postfach 800320 
7-1, Nishi-shinjuku 2-chome Glaxo Inc D-6230 Frankfurt 
Shinjuku-ku Five Moore Drive Main 80 
Tokyo Box 13398 Germany 
Japan Research Triangle Park 
North Carolina 27709 H ) 
Sua USA sna 
3 , td 
Gallenkamp ye 
Belton Road West GUARDIAN 16 laa 
oe oe Guardian Laboratories NW6 2BP 
LE11 OTR ae | 
| Dottery HYCOR 
Curtin Matheson Sci Inc Bridport 
9999 Veterans Memorial Drive Dorset — eo nee tne 
Houston DT6 sHW arden Grove 
‘ California 92641 
Texas 77038 — USA 
USA HANA — 
GEN PROBE Hana Biologics Inc aE 
Berkeley International Biotechnologies I 
-Gen Probe Inc eee See she 
9620 Chesapeake Drive ann Eastman Kodak 
San Diego SA PO Box 9558 
California 92123 ied ea 
USA HARLECO Connecticut 06535 
_ USA 
G: r Harleco — 
ae ep sore ICN BIOMEDICALS 
Gene-Trak Systerns 1-3 Gondola Road 
Framingham Narrabeen 2102 ICN Biomedicals Ltd 
Wihicneicleaeres New South South Wales ‘Thame Park Business Centre 
USA Australia Wenman Road 
Thame 
930 
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Oxfordshire 
OX9 3XA 


ICN Biomedicals 

PO Box 187 

Unit 12 

Prospect Highway 
Seven Hills 

New South Wales 2147 
Australia 


ICN Biomedicals Inc 
PO Box 19536 
Irvine 

California 92713 
USA 





ILFORD 


Ilford Ltd 
‘Town Lane 
Moberley 
Knutsford 
Cheshire 
WAI6 7HA 





IMMUNO-MYCOLOGICS 


Immuno-Mycologics 
PO Box 1151 
Norman 

Oklahoma 73070 
USA 





INCSTAR 


Incstar Ltd 
Charles House 
Toutley Road 
Wokingham 
Berkshire 
RGI1 5QN 


Incstar Corporation 

1990 Industrial Boulevard 
PO Box 285 

Stillwater 

Michigan 55082-0285 
USA 





INNOGENETICS 


Innogenetics NV 
Kronenburg Straat 45 
10th Floor 

B-2000 Antwerp 
Belgium 





INNOVATIVE SYSTEMS 


Innovative Diagnostic Systems 
Decatur 

(seorgia 

USA 


Innovative Chemistry Inc 
PO Box 90 

Marshfield 

Minnesota 02050 

USA 





ES 


INTERNATIONAL 
MYCOPLASMA 


International Mycoplasma 
Toulon 

Cedex 

France 


INUL 
from P & S BIOCHEMICALS 





JANSSEN 


Janssen Pharmaceuticals 


(Grove 


Wantage 
Oxfordshire 
OX12 ODO 


Jannsen 
Turnhoutsweg 30 
B02340 Beerse 
Belgium 


JENCONS 


Jencons (Scientific) Ltd 
Cherrycourt Way Industria] Estate 
Stanbridge Road 

Leighton Buzzard 

LUT 8UA 








KALLESTAD 


Kallestad Diagnostics 

1000 Lake Hazeitine Drive 
Chaska 

Minnesota 55318 

USA 





KIRKEGAARD & PERRY | 
from DYNATECH or 


Kirkegaard & Perry Laboratories Inc 
2 Cessna Court 

Gaithersburg 

Maryland 20879 

USA 





KODAK 
Kodak IBI Ltd 
36 Clifton Road 


Cambridge 
CBI 4ZR 


Kodak Clinical Diagnostics 
62 The Broadway 
Amersham 
Buckinghamshire 

HP7 OHJ 


Eastman Kodak Company 
343 State Street 
Rochester 

New York 14650 - 

USA 





LABM 


Lab M 
Topley House 
52 Wash Lane 
Bury 

BL9 6AU 


LABSYSTEMS 


Labsystems UK Ltd 
Unit 5 

The Ringway Centre 
Edison Road 
Basingstoke 
Hampshire 

RG21 2YH 
Labsystems OY 
Pulttitie 8 

PO Box 8 

00880 Helsinki 
Finland 





LAUNCH 

Launch Diagnostics 
Ash House 

Ash Road 

New Ash Green 
Longfield 


Kent 
DA3 8JD 


LEEBROOK 


Leebrook Scientific Ltd 
Claylands Cottage Works 
Claylands Road 

Bishop’s Waltham 
Hampshire 

SO3 1BH 


LIFE SCIENCES 


Life Sciences International 
Unit 5 

‘The Ringway Centre 
Edison road 

Basingstoke 

Hampshire 

RG21 2YH 


LIFE TECHNOLOGIES 


Life Technologies Lrd 
PO Box 35 

3 Fountain Drive 
Inchinnan Busimess Park 
Paisley 

PA5 SRF 

Life Technologies Inc 
8400 Helgerman Court 
PO Box 6009 
Gaithersburg 
Maryland 20884-9880 
USA 
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from FLOW 





LINSCOTT 


Linscott’s Directory 
PO Box 55 

East Grinstead 
Sussex 

RH19 3YL 
Linscott’s Directory 
40 Glen Drive 

Mill Valley 
California 94911 
USA 





MA BIOPRODUCTS 


Whittaker MA Bioproducts Inc 
PO Box 127 

Biggs Ford Road 

Walkersville 

Maryland 21793 

USA 





MARION 

from MICROGEN (formerly Mercia) 
Marion Scientific Corp 

Kansas City 

Missouri 64114 

USA 





MAST 


Mast Diagnostics Ltd 
Mast House 

Derby Road 

Bootle 

Merseyside 

120 LEA 

Mast Diagnostica GmbH 
Schubertstrasse 

1-2000 Hamburg 76 
Germany 





MAY & BAKER 


May & Baker Ltd 
Laboratory Products 
Liverpool Road 
Eccles 

Manchester 

M30 7RT 





MDH 


Microflow Dent & Hellyer 
Walworth Road 

Andover 

Hampshire 


“SP10 5AA 





MEDICAL INSTRUMENTS 
Medical Instruments 


932 


Solothun 
Switzerland 





MEDICAL WIRE - - - 


Medical Wire & Equipment Co Ltd 
Potley 

Corsham 

Wiltshire 

5N13 ORT. 


Microdiagnostics 
4090 Broadway 
New York 

New York 10032 
USA 





MERCIA 
now called MICROGEN 





MERCK 


Merck Ltd 
Hunter Boulevard 
Magna Park 
Lutterworth 
Leicestershire 
LE17 4XN 





MERIDIAN 
from LAUNCH or 


Meridian Diagnostics Inc 
3471 River Hills Drive 
Cincinnati 45244 

USA 





MICROGEN (formerly Mercia) 


Microgen Bioproducts Ltd 
1 Admiralty Way 
Camberley 

Surrey 

GU15 3DT 





MILES 


Miles Laboratories Ltd 
PO Box 37 

Stoke Court 

Stoke Poges 

Slough 

SL? 4LyY 


Miles Laboratory Inc 
30475 North Aurora Road 
Naperville 

Illinois 60566 

USA 





MILLIPORE 


Millipore UK Ltd 
The Boulevard 
Blackmoor Lane 
Watford 
Hertfordshire 
WD1 8YW 


_Massachusetts 01730 


Millipore Intertech 
PO Box 255 
Bedford 


USA 





MINITEK 
from BECTON DICKINSON 





MOCHIDA 


Mochida Pharmaceuticals Co Ltd 
Tokyo 160 
Japan 





MSD 

Merck Sharp & Dohme Ltd 
Hertford Road 

Hoddesdon Road 
Hertfordshire 

EN11 9BU 


Merck & Co Inc 
PO Box 2000 
Rahway 

New Jersey 
USA 





MUREX (formerly Wellcome) 


Murex Diagnostics Ltd 
Central Road 

Temple Hill 

Dartford 

DAI 5LR 





NATIONAL DIAGNOSTICS 


National Diagnostics 
Atlanta 

Georgia 

USA 





NCTC 

National Collection of Type Cultures 
Central Public Health Laboratories 
61 Colindale Avenue 

London 

NW9 5HT 





NUNC 
from LIFE , TECHNOLOGIES or 


Nunc A/S 
Kamstrupvej 90 
DEK-4000 
Roskilde 
Denmark 





ORGANON 


Organon-Teknika Ltd 
Science Park 

Milton Road 
Cambridge 

CB4 4BH 
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Organon-Teknika Corp F 
5300 SO Portland Avenue 

PO Box 19080 

Oklahoma City 

Oklahoma 

USA 





ORTHO 


Ortho Diagnostic Systems Ltd 
Enterprise House 
Stauion Road 


~ Loudwater 


High Wycombe 
Buckinghamshire 
HP10 9UF 


Ortho Diagnostics Systems 
Raritan 

New Jersey 08869 

USA 





OXOID 
now called UNIPATH 





P & S BIOCHEMICALS 


P & S Biochemicals Ltd 
38 Queensland Street 
Liverpool 

L7 3JG 





PAINES & BYRNE 


Paines & Byrne 
Pabyrn Laboratories 
Bilton Road 
(Greenford 
Middlesex 

UB6 7HG 





PERKIN ELMER 


Perkin Elmer 

Kelvin Close 

Birchwood Science Park North 
Warrington 

Cheshire 

WA3 7PB 


Perkin Elmer 

850 Lincoln Centre Drive 
Foster City 

California 94404 

USA 





PERMUTIT 
now called USF 





PHARMACIA 


Pharmacia LKB Biotechnology 
23 Grosvenor Road 

St Albans 

Hertfordshire 

AL] 3AW 

Pharmacia Biotech Europe 
Procordia EuroCentre 


Rue de la Fusee 62 
B-1130 Brussels 
Belgium 





PHASE SEP 


Phase Separations Ltd 
Deeside Industrial Park 
Deeside 


Clwyd | 
CH5 2NU 


Phase Separations Inc 
140 Water Street 
Norwalk 

Connecticut 06854 
USA 





PRAGMA 
Pragma 
17 The Avenue 


West Wickham 
Kent 


BR4 0DX 





PRO-LAB 


Pro-Lab Diagnostics 
10a Croft Business Park 
Thursby Road 
Bromborough 
Merseyside 

L62 3PW 

PROMEGA 

Promega 

Delta House 

Enterprise Road 
Chilworth Research Centre 
Southampton 
Hampshire 

SO16 7NS 


Promega Corporation 
2800 Woods Hollow Road 
Madison 

Wisconsin 53711] 

USA 





RS BIOTECH 


Rougier Bio-Tech Ltd 
Montreal 

Quebec 

Canada 





RADLEYS 
Radleys 
London Road 
Sawbndgeworth 
Hertfordshire 
CM21 9JH 


REMEL 


Remel 
Leneka 


Kansas 
USA 





ROCHE 


Roche Products Ltd 
Diagnostics Division 
PO Box 8 

Welwyn Garden City 
Hertfordshire 

AL7 3AY 


F Hoffman-La Roche 
4002 Basle 
Switzerland 


Roche Diagnostics 

Hoffman La Roche Inc 

340 Kingsland Street 

Nutley 

New Jersey 07110 

USA - 





ROSCO 


Rosco Diagnostica 
Paastrup 
Denmark 





ROUGIER 


Rougier Bio-Tech Ltd 
Montreal 

Quebec 

Canada 





SANOFI 


Sanofi Diagnostics Pasteur 
One Onslow Street 
Guildford 

Surrey 

GU1 4YS 


Sanofi Pasteur 

3 Boulevarde Raymond Poincare 
BP3-92430 Marnes la Coquette 
France 


Sanofi Pasteur 

1000 Lake Hazeltine Drive 
Chaska 

Minnesota 55318-1084 
USA 





SARTORIUS 


Sartorius Ltd 

Longmead Business Centre 
Blenheim Road 

Epsom 

Surrey 

KT19 9ON 





SENSITYTRE 


Sensititre Ltd 
Imberhorne Lane 
East Grinstead 


SS all RT 























APPENDIX 3 
West Sussex SUPELCO New Jersey 08085-0099 
ts ae from RADLEYS or . waa 
SEWARD _ Supelco Inc TURNER 
from UNIPATH (formerly Oxoid) a James Turmer Ltd 
as aaa Fleming Road 
SHIELD gine 16823-0048 Speke 
Shield Diagnostics = hye : 
The Technology Park SURGIKOS | 
Dundee UNIPATH (Oxoid | 
DD2 1SW Surgikos Ltd | (Oxoid) | 
Korkton Campus Unipath Ltd_ | g 
SIGMA Livingston Wade Road bg 
; West Lothian Basingstoke 
Sigma Chemical Co Ltd EH54 7AT Si eeiavk.t ; 
ampshire | 
Bency Bowe RG24 OPW | 
Poole SYVA | 
Dorset Unipath Inc _ 
BH17 7NH Syva UK/Syntex Ltd 217 Collonade Road 
: ; St Ives House Nepean 
Sigma Chemical Co : St Ives Road Ontario 
pipes 14508 Maidenhead K2E 7K3 
t Louis Berkshire 
Missouri 63178 Y= Seite 
USA rAAB xoid Australia Pty Lt 
aoe West Heidelberg 
SORENSON TAAB Laboratornes Ltd PO Box 220 
oo. 3 Minerva House Melbourne 
Sorenson Bioscience Inc Calleva Industrial Park Victoria 3081 
Salt Lake City Aldermaston Australia 
tah Berkshire ) 
call RG7 4QW UPJOHN | 
| Upjohn Ltd | 
SORIN TAYLOR WHARTON Fleming Way : 
Sorin Biomedica SPA from JENCONS or Crawley ! 
13040 Saluggia VC Sussex 
Italy Taylor Wharton Cryogenics RH10 2NJ 
Theodore = —— 
SOUTHERN GROUP LABS — USF (formerly Permutit) | 
Southern Group Laboratories ait : USF Ltd | 
Hither Green Hospital , Harforde Court 
; TECHLAB 
Hither Green Lane © Foxholes Business Park 
London TechLab Inc John Tate Road 
SE13 6RU Virginia Polytechnic Science Park Hertford 3 
1861 Pratt Drive SG13 TINW 
STERILIN oo US Filter 
see BIBBY STERILIN = 10 Technology Drive 
USA 
: Lowell 
S TERISEAL TECHNICAL SERVICE ee 01851 
Steriseal Ltd = . 
Thornhill Road Technical Service Consultants Ltd : 
Redditch The Rope Walk V & P SCIENTIFIC 
Worcestershire Schofield Street V & P Scientific Inc 
B98 ONL Heywood 4657 Huggins Street 
Lancashire San Diego 
STRATAGENE OL10 1DS California 92122 
| ) USA 
from CAMBRIDGE INNOVATION THOMAS 
or IRNO : 
from HORWELL or VERNON-CARUS 


Stratagene 

11011 North Torrey Pines Road 
La Jolla 

California 92037 

USA 
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Thomas Scientific 

Arthur H Thomas Company 
99 High Hiil Road 

PO Box 99 

Swedesboro 





Vernon-Carus Ltd 
Penwortham Mills 
Preston 
Lancashire 

PR1 9SN 
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VIRION DIAGNOSTICS 
from SHIELD DIAGNOSTICS or 


Virion (International Distribution) Lrd 
Gewerbestrasse 10 

CH-6330 Cham 

Switzerland 

Virion GmbH 

Bron Bachergasse 18a 

D-8700 Wurzburg 

Germany 

SS 
VITEK 

from BIOMERIEUX 
Se 
WELLCOME 


now called MUREX 


WHATMAN 


Whatman International Lrd 
St Leonard’s Road 

20/20 Maidstone 

Kent 

MEI6 OLS 


‘Don Whitley Scientific Ltd 


14 Otley Road 
Shipley 

West Yorkshire 
BD17 7SE 


Don Whitley Scientific Pty 

Adelaide 

South Australia 

Australia 
a a ee, 


YOUNG 

Archd Young & Son Ltd 

37/39 Constitution Street 

Edinburgh 

EH6 7BG 

a 
ZEISS 


Carl Zeiss Ltd 

PO Box 78 
Woodfield Road 
Welwyn Garden City 
Hertfordshire 


“AL7 1LU 


Carl Zeiss 

PO Box 1369-1380 
D-7082 Oberkochen 
Germany 
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A antigens, Brucella, 477 
Abacterial pyuria, 86 
Abbreviations, 24-25 
nucleic acid techniques, 207 (Table) 
Abscesses, 67 
pyrexia of unknown origin, 90 
see also specific sites 
Absolute concentration method, 
sensitivity testing, 
Mycobacterium, 335 
ABTS chromogen 
for antigen-caprure EIA, 658 
enzyme immunoassay, 187 
Acanthamoeba, 731-732, 749 (Fig.) 
cerebrospinal fluid, 78 
Legionella pneumophila, 492 
Accidents, 49 
Accommodation, for laboratories, 
10-11, 650 
Accreditation programmes, 650 
Accuprobe culture confirmation test, 
Neisseria gonorrhoeae, 283 
ACDP (European Community 1993 
Council Directive 93/88/EEC) 
hazard groups, 4] 
staff immunization, 47 
Acetamide enrichment broth, 
Pseudomonas aeruginosa, 417 
Acetate buffer, 837 
Acetoin production 
Enterococcus, 269 
Staphylococcus, 254 
see also Voges-Proskauer test 
Acetone 
fixation, immunofluorescence, 665 
Gram stain, 797 7 
Acetone-alcohol, Gram stain, 797 
Acetone fixative, cell smears, Epstein- 
Barr virus antibody tests, 689 
Acetyl methyl carbinol, 136 
Acholeplasma, 593 
temperature, 592 
Achromatic objectives, 781 
Achromobacter see Acinetobacter 
Acid-aicohol 
auramine-pheno!] stain, 339 
fluorochrome stain decolourizer, 803 
“ichl—Neelsen stain, 800, 801 
Acidamtnococcus 
A. Jermentans, 518 (Table) 


identification, 513 (Table) 
Acid decontamination, amplicon 
containment, 232 
Acid-fast organisms, 329 
fluorochrome staining, 802-803 
Nocardia, 351 
reporting, 8 
see also Ziehl—Neelsen stain and 
named organisms 
Acidity see pH 
Acid methanolysis procedure, mycolic 
acids, detection, 355-356 
Acidometric paper strip method 
f-lactamase production tests, 167 
Haemophilus influenzae, antibiotic 
sensitivity testing, 454 
Acinetobacter, 283, 294 
vs enterobacteriaceae, 361 
vs Moraxella, 292 
ws other aerobic Gram-negative 
bacilli, 362 (Table) 
Acridine orange stain, nucleic acids, 807 
Acridium ester, chemiluminescence 
DNA probe assay, Chlamydia, 
627 
Actidione see Cycloheximide 
Actinobacillus 
A, actinomycetemcomiuans, 459-460 
A. ureae, 486 


Actinomadura, 353 (Table) 


A, madurae, 349-350 
granules, 350 (Table) 

A. pelletien, granules, 350 (Table) 

culture, 351 
Acuhnomyces 

A. traein, cultures, 70 

fermentation products, 347 (Table) 

identification, 513 (Table) 

microscopy, 69 

species characters, 348 (Table) 
Actinomycetes, 343-359 

antibiotic sensitivity, 353 

granules, 350 (Table) 

identification, 346-348 

Ziehl—Neelsen stain, 802 
Actinomycetoma, 349-350 

agents, 353 (Table) 
Actinomycosis, 343-346 

Actinobacillus actinamycetemcomitans, 

459 


pus, 69, 344-345 
uterus, 74, 75 
Active protection tests, 862 
Acute infective endocarditis, 55 
Acute-phase serum, 784 
Acute vaginitis, 73 
Adatabs (System, Mast), 164 
Neisseria gonorrhoeae, 291 
Additive effects, 173, 174-175 
Adenoviruses 
conjunctivitis, 638 
enzyme immunoassay, 185 
eye infections, 61 
haemagglutination-inhibition tests, 
201 (Table) 
immunofluorescence, 660 
infections, 651 (Table) 
respiratory infections, 59 
Adhesins, Chlamydia, 622 
Adhesion to fibrin, 55 
Adhesive tape 
perianal swabs, 81 
skin specimens, 696 
Adjuvants, antiserum production from 
rabbits, 874 
Advice, role of laboratory, 3 
Advisory Committee on Dangerous 
Pathogens, 38 
hazard groups, 41 
plastic tents, 44 
Aerobic bacteria, 839 
Aerobic carbohydrate metabolism, vs 
anaerobic, 132-133 
Aerobic culture, 116 
Aerococcus, 245, 263, 270 
Aerokey II, 433, 434 
Aeromonas, 430-431 
A. caviae, 431, 432 
A, hydrophila, 83, 431 (Table), 432, 
453 
A. jandaei, 431 (Table), 433 
A. salmomicida, 430-431 
A. schubertti, 431, 433 
A. trota, 431 (Table), 433-434 
A. veromi, 431 (Table), 433 
biogroup Sobna, 432 
ws other aerobic Gram-negative 
bacilli, 362 (Table) 
ws Mibno fluwtalis, 429 
Aerosols, 39, 331 
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Aeruginosins, 417 
Aesculin 
for anaerobes, 509 
fermentation, Enterococcus, 269, 
271 
hydrolysis 
actinomycetes, 356 
Aeromonas, 432 
anaerobes, 509 
Affinity-purified antibodies, for 
immunofluorescence, 786 
African sleeping sickness, 727 
peop AE arthritis, 
a calroarsem, 593 
Agar, 101 
consistency, 105, 145-146 
disposal, 49 
viral plaque assays, 686 
Agar dilution method, sulphonamide 
sensitivity, Neisseria meningitidis, 
287 
Agarose blocks, restriction of native 
DNA, 223-224 
Agarose gel electrophoresis, 210 
Agglutinating antibodies, Leptospira, 
562 
Agglutination reactions, 179-183 
antigen-coated particles, Mycoplasma 
pneumoniae, 600 
rickettsias, 578-579 
Agegressins, Bacteroides fragilis, 504 
Aides, 4 
AIDS, 652 (Table) 
infections, 92 
Microsporidea, 735 
Mycoplasma fermentans, 595 
and syphilis, 55] 
Air 
contamination standards, 910 
examination, 908—910 
filters, 825 
removal from autoclaves, 818 
slit sampler, 908—909 
Air ballasting, autoclaves, 822 
Air-displacement pipettes, 231. 
Airflow indicators, safety cabinets, 46 
Aisbact System, blood cultures, 123 
Alaska, Eskimos, Haemophilus 
influenzae, 451 
Albert—Laybourn method, volutin 
granules, 803-804 
Albert’s iodine, 803—804 
Albuminized slides, 811 
Albumin quotient, cerebrospinal fluid, 
556 
Albumin solution, 811 
Alcaligenes, vs other acrobic Gram- 
negative bacilli, 362 (Table) 
Alcohol plates, swarming control, 531 
Alcohols 
gas chromatography, 510 
see also Ethanol; Isopropy! alcohol 
‘Alert’ organisms, 29 
Aleuriospores see Conidia 
Alginate, Pseudomonas aeruginosa, 414, 
415, 417 
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Alkalescens-Dispar organisms, 405 
vs Shigella, 411 
Alkali, new glassware, 842 
Alkaline egg medium, clostridia, 530 
Alkaline peptone water, Vibrio, 426, 
442 
Alkaline phosphatase 
for antigen-capture EIA, 658 
enzyme immunoassay, 187 
RAPIDEC staph kit (bioMérieux), 
258 
Alkaline salt transport medium, Vibno, 
442 
Alkalinity see pH 
Allergic alveolitis, 354 _ 
Aspergillus, 710 
Allergic bronchopulmonary 
aspergillosis, 710-711 
diagnosis, 695 
Allergic encephalitis, 667 
Alpha/alphanumeric coding systems, 25 
a-haemolysis, 275 
Streptococcus, 263 
a-naphthol, 136 
a-naphthylamine, 142 
a-thiophosphoryl dATP, strand- 
displacement amplification, 235 
Alpha toxin, Clostridium perfringens, 
523-524 
Alphaviruses, infections, 652 (Table) 
Alveolar lavage, Pneumocystis carinit, 66 
American Food and Drugs 
Administration, Listeria 
monocytogenes from dairy 
products, 312 
Amies transport medium, 110 
Neisseria gonorrhoeae, 290 
Amikacin, Nocardia, 353 
p-Aminobenzoic acid, 173 
Amuinoethylcarbazole, 
immunofiltration, 660 
Aminoglycosides 
assays, 171, 173 
cerebrospinal fluid, 172 
Enterococcus, 269 
inactivation, 173 
large-plate diffusion assay, 171 
Pseudomonas aeruginosa, 415, 417 
sensitivity testing, 156 (Table) 
3-Aminopropyltriethoxy-silane-coated 
slides, 785 
4-Aminoquinoline drug resistance, 
malaria, 734 
Amnion cell cultures, 682 
Amoebae, 722, 730-732 
Legionella pneurmophila, 492 
meningitis, 77 
Amoebic abscess, pus, 69 
Amoxycillin 
Listeria monocytogenes, 310 
otitis media, 60 
preparations for sensitivity tests, 160 
(Table) 
proportion in co-amoxiclav, 166 
resistance, 169 
urine culture sensitivity, 90 


Ampholytes, 828 
Amphotericin, 713-714 
Gardnerella vaginalis isolation, 457 
Helhcobacter pylon aii 440 
Ampicillin 
Enterococcus, 269 
Listeria monocytogenes, 310 
resistance, Haemophilus influenzae, 
454 
Salmonella, 393 
Streptococcus pneumomae, 276 
urine culture sensitivity, 90 
whooping cough, 467 | 
Ampicillin blood agar, Aeromonas, 431 . Q 
Amplicons, removal/containment, 208, 
231-232 
uracil N-glycosylase method, 227 
Amplicor’™ PCR assay 
Chlamydia, 663 
Neisseria gonorrhoeae, 290 
Amplification, nucleic acids, 206, 
207-210 
techniques, 225-235 | 
Ampoules 
autoclaving, 819 
freeze-dried cultures, 128 
Anaemia, Diphyllobothnum latum, 760 
Anaerobe investigation medium, 
507-508 
Anaerobic cabinets, 116-117, 119-120 
Anaerobic carbohydrate metabolism, 
ws aerobic, 132-133 
Anaerobic conditions 
recipe with thioglycollate, 108 | 
sputum culture incubation, 65 | 
Anaerobic culture, 116-120 
Anaerobic jars, 118-119 
Actinomryces cultures, 345 | 
Anaerobic organisms, 50]-519, 839 
cocci, 506-507, 512 (Table), 518 
(Table). | 
cultures, management, 70 | 
Gram-negative rods, laboratory | 
diagnosis, 505-506 
growth factors, 507-511 
identification, 501. 
pus, 69 
soft tissue infections, 67 
viable counts, 849 
Anaerobic plates, swarming, control, 
531 
Anaerogenic enterobacteriaceae, 363 
Anaerogen (Unipath), 117 
Anaerorhabdus furcosus, 516 (Table) 
Anaesthesia, laboratory animals, 
868-869 
guinea-pigs, 876-877 
mice, 878, 879-880 
rabbits, 874 
Analytical phase, computerization, 22, 
23~—24 
Ancylostoma, 773 (Table), 774 (Table) 
A. duodenale, 766 
Andrade’s indicator, 133, 717 
Anemometers, safety cabinets, 46 
Angstrom unit, 853 
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Angular conjunctivitis, Moraxella 
lacunata, 61, 292 
Angulation, Treponema pallidum, 549 
Aniline-xylene, dehydration of tissue 
sections, 795 
Animal rights groups, violence, 866 
Animals 
anthrax, laboratory diagnosis, 322 
bites, 67 
Actinobacillus spp., 460 
choice of species, 866-868 
Coxiella burnetit isolation, 583 
enteritis, Clostridium perfringens 
toxins, 523 (Table) 
estimations of live organisms and 
toxins, 859-861 
experimental, management, 
865-88 | 
hazards, 40 
Helicobacter spp., 441 
inoculation, 121 
Leptospira, 567 
Listeria monocytogenes from, 31} 
pathogenicity 
actinomycetes, 344 - 
anaerobes, 502-503 
B. anthracis, 320 
Bordetella pertussis, 468 
Clostridium novyi, 524 
Clostridium perfringens, 524 
Glostridtum tetani, 528 
Legionella pneumophila, 492 
Nocardia, 349 
Streptococcus pneumoniae, 277 
rickettsia isolation, 585 
wild, Lyme disease, 564 
Yersima pestis, 482 
Animals (Scientific Procedures) Act 
(1986), 865-866 
| Antagonism 
antibiotics, 175 
B-lactamase induction, 168-169 
Antenatal patients 
Listeria monocytogenes carriage, 312 
S rubella, 639 
Anterior nares, Staphylococcus, 246 
Anthrax, 318-323 
Antibiotic-associated colitis, 539 
Antibiotics 
animal blood, 103 
assays, 170-173 
cell cultures, 678 
Chlamydia, 622 
diarrhoea from, 81 
discs, 154-155 
and gastrointestinal infections, 83 
group representatives, 155, 156-157 
(Table) 
hypersensitivity, Neisseria 
gonorrhoeae, 289 
interactions, testing, 173-175 
Lyme disease, 563 
malt peptone agar, 715 
meningitis, 79 
| Mycobactenum specimens, 
| decontamination, 334 
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Mycoplasma, 592 
otitis media, 60 
pneumonia, 63 
prescribing and sensitivity reports, 
158 
Pseudomonas aeruginosa, 415-417 
resistance emerging, 164 
Neisseria gonorrhoeae, 288 
resistance (tests), 144 
Acinetobacter, 294 
anaerobes, 511, 513 (Table) 
Erysipelothrix rhusiopathiae, 314 
Haemophilus influenzae, 454 
Neisseria gonorrhoeae, 291 
Pseudomonas aeruginosa, 415 
V. cholerae, 426 
sensitivity (tests), 151-178, 864 
Campylobacter, 436-437 
choice for, 155-156 
control strains, 154, (Table) 
dilutions for, 163 (Table) 
epiderniology, 29 
Haemophilus influenzae, 454 
miniaturized methods, 149 
~ Mycobacternum, 334-335 
preparations, 159-160, 161 
primary tests, 158-159 
quality control of media, 15 
reading results, 157-158 
Salmonella, 397 
Staphylococcus, 252-253 
urine, 89-90 
standard solutions, 171—172 
stock solution, virus cultures, 690 
therapy, blood cultures, 12] 
tolerance, 248 
urine, testing for, 90 
Yersinia pestis, 48 | 
Antibodies 
assays in vitro, 858-859 
drinking water tests, 890 
Entamoeba histolytica, 731 
Epstein-Barr virus, 59 
in-vivo assays, 861-862 
Lyme disease, 564 
Mycoplasma pneumoniae diagnosis, 
596-597 
tests, Chlamrydia, 628-629 
Antibody/antigen coating, enzyme 
immunoassay, 186 
Antibody conjugates, indirect enzyme 
immunoassay, 184 
Anti-DNase B estimation, 
Streptococcus, 267 
Anti-fading agents, 
unmunofluorescence, 788 
Antufungal drugs, 707, 713-714 
cell cultures, 678 
Antigen-capture EIA, 656, 668 
eye infections, 62 
Mycoplasma pneumoniae, 599, 613 
commercial sources, 616 
rickettsia, 585 
specimens, 63 
speed, 655, 659 
viruses, 657-659 
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Antigen-coated particles, agglutination, 
Mycoplasma pneumoniae, 600 
Antigen controls, complement fixation 
tests, 196 
Antigens 
antiserum production from rabbits, 
874-875 
B. anthracis, 320 
cerebrospinal fluid, 80 
detection, 148 | 
fungi, 695 
Streptococcus pneumoniae, 278 
Mycoplasma pneumoniae diagnosis, 
597 
Anti-hsteriolysin © test, 311 
Antimetabolites 
Chlamydia culture, 625-626 
see also Cytotoxic chemotherapy 
Antimicrobial substances, testing 
media for, 15 
Antimicrobial therapy 
laboratory control, 151-178 
see also Antibiotics 
Antimycobacterial drugs, 330 
Anu-peptide antisera, preparation, 
784, 785 
Antisera 
control, rickettsia, 579 
dilutions, immunofluorescence, 
669 
enzyme immunoassay, 188 
immunostaining, 784, 786-787 
Mycoplasma inhibition, 605 
potency, 180 
provision, 181] 
from rabbits, 874-875 
Salmonella, 401-402 
viral plaque assays, 686 
Anti-sheep red cell serum, 196 
Anti-streprolysin-O test, 267 
throat swabs, 58 
Anu-TJag antibody, high-temperature 
PCR commencement, microbial 
detection, 230 
Antitoxins 
Clostridium borulinum, typing, 544 
diphtheria, 301 
In-vivo assays, 861-862 
Nagler’s reaction, 53] 
APES (3-Aminopropyltriethoxy-silane- 
coated slides), 785 - 
API 20E system 
Aeromonas, 432, 433-434 
Pseudomonas, 421 
Vibrio, 430 
API 20NE system, Pseudomonas, 421 
P. cepacia, 420 
API 20 STREP, Listeria, 312 
API 50 CHO, Listeria, 312 
API Campy strip, 440 
APT CORYNE 
£. rhusiopathiae, 314 
Listena, 312 
APT Listeria kit, 312 
API NH (bioMérieux), 283 
API STAPH kit (bioMérieux), 258 
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API systems, 148-149 Association of Clinical Pathologists, Bacillus, 317-327 


antibiotic sensitivity testing, 163 
API ZYM, Lastena, 312 


surveys of laboratory-acquired 
infections, 37—38 


B. anthracis, 318 
McFadyean reaction, 796 


Appendix Asthma, Aspergillus, 710 B. cereus, 82, 318, 323-324 
helminths, 773 (Table) Asymmetric polymerase chain reaction, vs B. anthracis, 321 
see also Right iliac fossa syndrome 231 food testing, 906 
Aqueous media, multipurpose Asymptomatic shedding, herpes B. licheniformis, 318 
autoclaves, 821-822 simplex virus, 641-642 B. megaterium, vs B. anthracis, 321 
Arcanobacterium Atherosclerosis, Chlamydia pneumoniae, (Table) 
ws Actinomyces, 347 (Table) 623 B. mycoides, us B. anthracis, 321 
A. haemolyticum, 303, 304, 348 Atmospheres of pressure, 830 (Table) | 
(Table) Arypical pneumonia, 59, 62, 63 B. sphaericus, 318 
antibiotic sensitivity, 349 Audit, 13-14 B. stearothermophilus 
isolation, 346 paperless information systems, 24 canned foods, 902 ; 
infections, 344 Auramine phenol stain, 333, 339 (test organism), 831 
Archiving, data storage, 19 acid-fast bacteria, 803 B. subrilis, 318, 324-325 
Arcobacter, 439 Aurease, RAPIDEC staph kit spore suspensions, 171 | 
Arginine, Mycoplasma, 593 (bioMérieux), 258 subsp miger, 832 
Arginine deaminase, test medium for Australian encephalitis virus, B. thuringiensis, 318 | 
Mycoplasma, 612 infections, 652 (Table) vs B. anthracis, 321 (Table) 
Arginine deamination, 271 Australian tick typhus, 574 (Table) lipid/spore stain, 806 | 
Arginine dihydrolase (test), 139-140 Authorization, reports, 28 species characters, 319 ace able) | 
Enterococcus vs Aerococcus, 270 Autoclaves, 11, 815-823 Bacitracin | 
Arizona (former genus), 387, 388, testing, 817 (Table) Haemophilus influenzae isolation, 453 
390 waste disposal, 49-50, 332 sensitivity 
Armadillo, M. leprae, 337 Auto-infections, 66 Staphylococcus, 254 
Artefacts, mosaic fungus, 707 Autolysis, Streptococcus pneumomae, 276 Streptococcus, 266, 270 
Arthritis, Mycoplasma salrvarnum, Automation Back-swarming, Proteus, antibiotic 
agammaglobulinaemia, 593 blood culture systerns, 121, 124 sensitivity testing, 157-158 
Arthrospores, Trichosporon, 701 dipstrip method, urine screening, 85 Back-ups, computer data, 19 
Arylsulphatase, Campylobacter, 438 enterobacteriaceae identification, 380 Backward chaining, task management, 
Asaccharolytic anaerobes, 504 testing apparatus, 11 27 
antibiotic resistance tests, 513 - virology, 655, 659 Bacon, vacuum-packed, 902-903 
(Table) virus infectivity titrauons, 857 BacT/Alert blood culture system 
Clostridium, 535 (Table) washers, enzyme immunoassay, 186 (Organon Teknika), 124 
identification, 512 (Table) Autoradiography Bactec blood culture system, 124 
species characters, 516 (Table) co-localization of antigens and Bactec radiometric respirometry, 
Ascaris, 757, 773 (Table), 774 (Table) nucleic acids, 789 Mycobacterium isolation, 334 
A. lumbricoides, 764-765, 776 (Fig.) dot blot techniques, 210 Bactec 460 TB instrument, 335 | 
eggs, 775 (Fig.) Autospreaders, urine culture, 88 Bacteraemia, 54-55 
Ascospores, staining, 701 Auxanograms, Candida, 700, 701-702 Haemophilus influenzae, 451 (Table) | 
Aseptic meningitis, 77 Auxotrophic bacteria, 137 Staphylococcus aureus, 248 
- CSF chemistry, 80 Auxotyping, auxotype/serovar urinary tract infections, 
Ashby’s method, Bacillus, 317 classification, Neisseria enterobacteriaceac, 377 | 
Asian relapsing fever, 504 gonorrhoeae, 288, 289 Bacteria 8, 


Aspergilloma, 711 
Aspergillosis, 710-713 
diagnosis, 695 


Avian myeloblastosis virus, reverse 
transcriptase from, 214 
Avidin, for antigen-capture EIA, 


culture, 113-129 
suspensions, agglutination tests, 181 
Bacteria-carrying particles, air, 910 


Aspergillus 657-658 Bacterial stress-response proteins, 624 
A. clavatus, 710 Avidin-biotin complex system, Bacterial vaginosis, 73, 75, 456, 
A. flavus, 712 immunostaining, 782-784 595-596 


A. fumigatus, 710 
appearance, 711-7 13 
morphological variants, 713 
A. niger, 710, 712 


Azide see Sodium azide 
Azide saline, 841 
Aztreonam 
Pseudomonas aeruginosa, 415 


laboratory diagnosis, 458 
Bacteriocidal interactions, 175 
Bacteriocins, 417 

typing, 418 


A. terreus, 712 sensitivity tests, 155 Bacteroides, 502 
Aspirates C. diphthenae, 301 
containers, 96 | see also Aeruginosins 
duodenal, modified trichrome stain, Babesia, 734-735, 749 (Fig.) Bacteriophages, drinking water, 884 
741 Babies, swabs, 96 Bacteriostatic acuon, identifying, 162 
fluids, 71 Baby foods, 904 Bacteriostatic interactions, 173-175 


joints, uric acid, 69 
Mycobacterium, 332, 338 


Bacillary angiomatosis, 67 
Rochalimaea henselae, 574 (Table), 


Bacteroidaceae, 502-506 
classification, 503—506 


Neisseria meningitidis, 287 576 Bacteroides, 503-504, 516 (Table) 
tissues, protozoa, 737 Bacille Calmette~Guérin, 330 (Table), antibiotic resistance tests, 513 
see also Nasopharyngeal aspirates 335 (Table) 
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Bacterotdes (contd) 
B. fragilis, 503-504 
B. gracilis, 507 
B. ureolyticus, 504, 507 
with coliforms, 67 
identification, 512 (Table), 513 
(Table) 
morphotype, vagina, 458 
penicillin resistance, 502 
selective medium, 508 
skeletal infection, 68 
species characters, 514 (Table) 
‘Bacteroides’ levii, 504 
Bactopeptone solution, for Robinson’s 
medium, 742 
Bags 
discard loads, multipurpose 
autoclaves, 822 
high-security autoclaves, 823 
Baker's medium, Streptococcus, 267 
Balanced salt solutions 
animal experiments, 866 
see also Hanks’ balanced salt solution 
Balanitis, balano-posthitis, 76 
Balantidium coli, 736~737, 750 (Fig.) 
specimens, 745 (Table) 
trophozoites, cysts, 746 (Table) 
Barbitone buffer, 838 
Barbour Stoenner Kelly medium, 563, 
570-571 
Barium sulphate, opacity standards, 851 
Bartonella, 573, 574 (Table) 
Basal media, 100, 103 
Basic fuchsin 
tolerance, Brucella, 477 
Ziehl—Neelsen stain, 800 
Batch data entry, 24 
Batching of specimens, 648, 655 
Battery poultry, 902 
BCYE agar see Buffered charcoal yeast 
extract agar 
BDH ‘Universal’ indicator, 836 
(Table) 
Beer’s law, 848 
Bench-top autoclaves, 820 
testing, 830 
Benedict’s reagent, 136 
Benzalkonium, ophthalmic solutions, 
415 
Benzylpenicillin 
B. anthracis, 320 
large-plate diffusion assay, 171 
meningitis, 79 
Mycoplasma pneumoniae culture, 57 
Neisseria meningitidis, 285 
preparations for sensitivity tests, 160 
(Table) atte Bs 
resistance, Staphylococcus aureus, 247 
standard solutions, 172 
Streptococcus pyogenes, 266 
B-galactosidase 
for antigen-capture EIA, 658 
RAPIDEC staph kit (bioMérieux), 
258 
water tests, 890 
see also ONPG test 


B-ghucuronidase tests 
enterobacteriaceae identification, 
379, 381 
Eschenchia, 364 
on water, 890 
§-haemolysis, Streptococcus, 263 
B-haemolytic streptococci 
infections, 266—267 
pharyngitis, 57-58 
f-lactamase inhibitors, combinations, 
sensitivity testing, 166 
B-lactarases 
Bacteroides fragilis, 504 
blood culture media, 121 
Haemophilus influenzae, 454 
inducible, 168-169 
Legionella, 496 
L. pneumophila, 491 
Neisseria gonorrhoeae, 290 
production tests, 166-169 
‘TEM, enterobacteriaceae, 377 
Beta-lactams, Staphylococcus aureus, 
resistance, 247-248 
B toxin, Clostridium perfringens, 539 
BHK 21 cell cultures, 676 
Bicarbonate, cell cultures, 677 
Bicarbonate-CO, buffer, 838 
Bifidobacterium 
vs Actinomyces, 347 (Table) 
identification, 513 (Table) 
Bile 
stimulation of anaerobes, 510 
Streptococcus pneumoniae solubility, 
276, 279 . 
Bile aesculin agar, drinking water, 
Enterococcus, 269 
Bile aesculin azide agar, 912 
Billings’ modification, Tinsdale’s 
medium, 306 
Bilophilia wadsworthit, 504, 516 
(Table) 
Binocular magnifiers, 120 
Bioassays, 853 
Bioload, air, 910 
Biological false positives, cardiolipin 
antigen tests, syphilis, 553 
Biological safety cabinets see Safety 
cabinets 
Biological tests, autoclaves, 831 
Biopsy see Tissue samples 
Bio-Rad protocol, pulsed field 
electrophoresis, 224 
Biotin 
dot blot techniques, 210, 656 
solid-phase DNA assay, 241 
Biotin-avidin binding, for antigen- 
capture EIA, 657-658 
Biotin-streptavidin system, 859 
Biotyping 
Escherichia colt, 364 
Haemophilus influenzae, 451 
Salmonella, 393 
Biovars, Brucella, 474 
Bisected pearl colonies, Bordetella 
pertussis, 467 
Bisguanides, 828 


- Bismuth, triple therapy, Helicobacter 


pion infection, 440-44] 
Bismuth sulphite glucose phosphate 
mixture, for BBS agar, 399 
Bites, animal, Actinobacillus spp., 460 
Bitter medium, 134 
Blepharoconjunctivitis, angular, 
Moraxella lacunata, 61, 292 
‘Blind’ antibiotic therapy, pneumonia, 
63 
Blindness, Toxocara, 767 
Blind passage, virus culrures, 685 
Blocking, laboratory animal grouping, 
868 
Blocking assay, confirmatory, ELA, 189 
Chlamydia, 627 
Blocking reagents 
enzyme immunoassay, 186 
immunofluorescence, 787 
Blood 
coagulase-negative Staphylococcus, 
252 
collection from animals, 870, 871 
_ guinea-pigs, 876 
mice, 878-879 
rabbits, 873-874 
rats, 880-881 
concentration for Trypanosoma cruzt, 
726 
for culture media, 102—103 
disinfection of spillages, 827 
filtration for microfilariae, 772 
helminths, 759, 773 (Table) 
human, precautions, 103 
Leptospira, 561 
protozoa, 737-739 
rickettsia infection, 577 
Salmonella, 398 
specimens 
agglutination tests, 183 
complement fixation tests, 194 
containers, 95-96 
for viruses, 643, 646 
Blood agar(s), 106 
for anaerobes, 508 
C. diphtheriae on, 303 
quality control, 15 
urine, 88 
Biood broth, 106 
Blood cultures, 54-55, 121-124 
bottles for, 95—96, 122 
Brucella, 475 
coagulase-negative Staphylococcus, 
124, 251 
collection, 121 
Erysipelothnix rhusiopathiae, 314 
Haemophilus influenzae; 58, 453 
Legionella pneumophila, 494 
Leptospira, 567 
Listeria monocytogenes, 311 
media, 108-109 
meningitis, 78 
mycology, 699 
Neisseria meningitidis, 287 
pneumonia, 64, 278 
pyrexia of unknown origin, 90 
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Blood cultures (contd) 
Rochalimaea, 585-586 
Salmonella, 394 
Staphylococcus aureus, 249 
Streptococcus pneumoniae, 278 
Blood films, 751 (Fig.) 
Borrelia, 564 
malaria, 734 
protozoa, 722, 737-738 
pyrexia of unknown origin, 91 
B lymphocytes, defective, infections 
‘from, 92 
Boiling (100°C), 815, 830 
Bone infections, 67-68 
Haemophilus influenzae, 451 nae 
Bone marrow 
collection from animals, 871 
helminths, 773 (Table) 
Bone marrow transplants, 
Corynebacterum, JK group, 304 
Borate buffer, protein-carrier 
conjugation, 
immunofluorescence, 785 
Borate-calcijum saline, 84] 


- Bordetella, 467-471 


B, bronchiseptica, 467, 468 
B. parapertussis, 467, 468 
B. pertussis, 467-470 
Bordet-Gengou medium, 470 
Boric acid, urine specimen transport, 86 
Boric acid-borax buffer, 838 
Borosilicate glass, cell cultures, 680 
Borrelia, 559, 562-565 
B. buccahis, 564 
B. burgdorfen, 563 
B. duttonti, 562, 564 
culture on ticks, 563 
B. persica, 564 
B. recurrentis, 562, 563 
B. refringens, 564 
B. vincent, 562, 564-565 
identification, 513 (Table) 
Bothria, cestodes, 759 
Bottled fluids, autoclaving, 819 
Bottled waters, standards, 891 
Bottles 
in centrifuges, 846 
culture media, 98 
inoculation, 115 
Botulism, 542, 543, 906 
laboratory diagnosis, 544-545 
Bouin’s fluid, 811 
Bound coagulase, Staphylococcus, 255 
S. aureus, 245 
Boutonneuse fever, 574 (Table) 
Bovine actinomycosis, 344 
Bovine serum albumin, for HI tests, 203 
BQC solution, phosphatase test on 
milk, B94 
Brain | 
abscesses, 77, 79-80 
biopsy 
herpes simplex virus, 661 
poliomyelius, 639 
virology, 667 
exposure in animals, 871-872 
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helminths, 773 (Table) 
Brain heart infusion agar, Helicobacter 
pylon, 440 
Brain heart infusion broth, 108-109 
with cooked meat particles, 108, 122 
Branching flow charts, 
enterobacteriaceae 
identification, 377—378 
Branhamella catarrhalis see Moraxella, 
M. catarrhalis | 
Brazilian purpuric fever, 455 
Breakages, in centrifuges, 50 
Breakpoint sensitivities, 164—166 
methicillin, 253 
quality control of media, 15 
Brevibacteria, 354 
Brilliant green, Kauffmann-Miiller 
tetrathionate broth with, 387 
Brilliant-green bismuth sulphite agar 
(Wilson & Blair), Salmonella, 
386, 395, 399-400 
Brilliant-green lactose bile broth, 
911-912 
Brilliant-green MacConkey agar, 
385-386, 400 
Brill-Zinsser disease, 574 (Table), 575, 
582 
British Standards 
autoclaves, 816 
disinfectants, 826 
safety cabinets, 43-44 
washer disinfectors, 829 
Brodie & Sinton, medimm for Brucella, 
476 
Bromocresol purple, 133-134, 836 
(Table) 
drinking water testing, 885 
Trichomonas vaginaits, 729 
Bromocresol red, 836 (Table) 
Bromophenol blue, 836 (Table) 
Bromothymol blue, 134, 836 (Table) 
Bronchial swabbing, 64 
Bronchiectasis, sputum culture, 65 
Bronchopulmonary aspergillosis see 
Allergic bronchopulmonary 
aspergillosis 
Bronchoscopy, specimen collection, 64 
Broth fermentation media, 134 
Brown and Brenn stain, Nocardia, 351 
Brownian movement, 146 
Brucella, 473-478 
. abortus, 473, 474 (Table) 
. cans, 473, 474 (Table), 475 
. melitensis, 473, 474 (Table) 
. neotomae, 473 
. ovis, 473 
. suis, 473, 474 (Table) 
Castafieda medium, 109 
laboratory-acquired infection, 39 
miik, 896 
skeletal infection, 68 
staff pregnancy, 47 
Brugia, 773 (Table), 774 (Table) 
B. malayn, 767 
.Giemsa’s stain, 772 
microfilariae, 777 (Fig.) 
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Bubonic plague, 479, 481-482 
Budvicia aquatica, 373, 374 (Table) 
Buffered charcoal yeast extract agar 
legionellaceae, 489, 495 
Legionella pneumophila, 490, 494 
Buffered peptone water, 914 
Buffered salines, 841-842 
Buffers, 836-839 
cell cultures, 677-678 
continuous, 676 
enzyme Immunoassay, 1 86, 191-192 
see also named buffers 
Buildings, 46 
Bunsen burners 
hooded, 113 
not in safety cabinets, 648-649 
Bunyamwera viruses, 653 (Table) 
Burdon’s method 
Bacillus, 317 
intracellular lipid staining, 806 
Burkholdena, 413, 418-420 


-Buruli ulcer, 336 


Buttiauxella agrestis, 373 

2,3 Butylene glycol, 136 

Butyric acid production, clostridia, 522 
B vitamins, Gardnerella vaginalts, 457 


Cabinets see Anaerobic cabinets; Safety 
cabinets 
Cadmium sulphate, Actinomyces 
isolation, 346 
Caesium chloride gradient, 847 
genomic DNA extraction, 216 
Calabar swellings, 767 
Calcareous corpuscles, cestodes, 759 
Calcium 
on aminoglycoside effects, 153 
Pseudomonas aeruginosa protection, 
417 
Calcofluor white fluorescence stain, 
698, 707, 712, 715 
Calf serum, cell cultures, 678 
Calibration, colorimeters, 
spectrophotometers, 848 
Calymmatobacterium granulomans, 
461-462 
CAMP test, 271 
Lastena, 312 
Campylobacter, 434—439, 503 
C. col, 435, 436 (Table) 
erythromycin resistance, 436 
C. concisus, 436 (Table), 439 
C. curvus, 436 (Table), 439 
C. fetus, 436 (Table), 438-439 
C. hyointestinalis, 435, 436 (Table) 
C. jejpuni, 435, 436 (Table) 
erythromycin resistance, 436 
microaerophilic culture, 116 
C. lari, 435, 436 (Table) 
C. rectus, 436 (Table), 439 
C. sputorum, 436 (Table), 439 
C. upsaliensis, 435, 436 (Table) 
enteritis, laboratory diagnosis, 
437-438 
food testing, 906-907 


ee fe Ei i eet i ll a Ra a 


Campylobacter (contd) 


identification, 513 (Table) 
laboratory-acquired infection, 38 


methods, 444-446 


species characters, 436 (Table) 
Campylobacter aerotolerance growth 


supplement, 445 


Campylobacter blood-free medium, 


445 
Canada balsam, 795 
Candida 


C. albicans, culture, 75 
a C. krusei, flaconazole resistance, 714 


C. stellatoidea, 700 


C. trogicalis, germ tubes, 700 


chlamydospores, 701 
cultures, 65-66 


female genital tract, 74-75 


vagina, 698 


germ tube test, 699-700 
upper respiratory tract, 59 


Canned foods, 901-902 
Capillary pipettes, 113 


Capillary pore membranes, 824-825 
~ Capillary tip thermal cyclers, 227 
Capillary tubes, Lancefield grouping, 


272 
Capnocytophaga, 503 


ee 


| identification, 513 (Table) 
Capsular types, Haemophilus influenzae, 


| 451 
| Capsules 


clostridia, 52] 
_influenzae, 452 


354, 555, 556 
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415 
Carbenicillin 
Mycobacterium, 334 
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Pseudomonas aeruginosa, 417 
Carbohydrate fermentation media, 


105-106 


Carbohydrate fermentation (tests) 


Haemophilus, 465 
Mycoplasma, 604 
Salmonella, 387-388 
Shigella, 406 
Staphylococcus, 254 
Streptococcus, 271 
yeasts, 702-703 


Carbohydrate metabolism, tests for, 


132-137 
Carbol fuchsin 
dilute, 796, 798 


Francisella tularensis, 486 
viral plaque assays, 686 
Zieh!—Neelsen stain, 333, 338, 


800-801 


‘Carbon, Bactec blood culture system, 


124 


bacterial, staining, 804-805 
swelling reaction, Haemophilus 
Captia Syphilis G (Centocor), 553, 
Capture antibody, enzyme 

immunoassay, 185 


Capture probes, DNA work, 241 
Carbapenems, Pseudomonas aeruginosa, 


Carbon, rapid plasma reagin test, 
syphilis, 553 
Carbonate-bicarbonate buffer, 839 
enzyme immunoassay, 19] 
Carbon dioxide 
antibiotic sensitivity testing, 157 
Brucella, 477 
cell cultures, 680 
cultures, 116 
Actinomyces, 345 
anaerobic, 117, 118-119 
tissue infections, 69 
mouse anaesthesia, 879 
Rochahmaea, 586 
solid, 125 
rickettsia, 578 
Streptococcus pneumoniae, 275 
virus cultures, 649 
Carcinoma 
cervix, 73 
colon, 55 
Carcocystis, coccidial oocysts, 747 
(Table) 
Cardiobactertum hominis, 460 (Table), 
462 
Cardiolipin antigen tests, syphilis, 
552-553 
Cardiolipin-like phosphatides, 
Mycoplasma pneumoniae, 
599-600 
Cardiomyopathy, infective 
myopericarditis, 56 
Cardiovascular infections, 54-56 
Caries, actinomycetes, 344 
Carotenoid pigment, yeasts, 700 
(Fig.), 701 
Carotenoid pigments, Mycobacterium, 
329 
Carrier rates 
Listeria monocytogenes, 311-312 
Streptococcus pneumoniae, 275 
(Carriers 
hepatitis B, nucleic acid techniques, 
237-238 
methicillin-resistant Staphylococcus 
aureus, 249 
Mycoplasma pneumoniae, polymerase 
chain reaction, 599 
Salmonella, 398 
see also Nasal carriers 
Carrion’s disease, Bartonella 
baciliformis, 574 (Table) 
Casein, 143 
hydrolysate, 102 
Castafieda biphasic blood culture 
technique, 475 
Castafieda medium, 109, 123 
Catalase, 140-141 
actinomycetes, 356 
anaerobes, 509 
Shigella, 406 
Staphylococcus, 254 
Catalase-negative Campylobacter, 439 
Catalysts, anaerobic cultures, 117, 119 
Categorization of Pathogens According 
to Hazard, 331-332 


Catheters, infection, 92 
Catheter specimens of urine, 85 
Cationic surfactant precipitation, RNA 
extraction, 213 
Catrimox-14, RNA extraction, 213 
Cats, Toxoplasma, 733 
Cats, cat fleas, murine typhus, 575 
Cat scratch fever, 67 
Rochalimaea henselae, 574 (Table), 
576 
cDNA probes, radiolabelling for 
ribotyping, 223 
Cedecea, 373-374 
Cefaclor, culture media, antibiotic 
sensitivity testing, 160 
Cefoperazone, Campylobacter blood- 
free medium, 445 
Cefotaxime 
B-lactamase induction, 168 
sensitivity tests 
Netsseria meningitidis, 287 
preparations for, 160 (Table) 
Cefoxitin, B-lactamase induction, 168 
Cefoxitin cycloserine egg-yolk agar, 
Clostridium difficile, 542,545 - 
Cefoxitin cycloserine fructose agar, 
Clostndium difficile, 540, 542, 
545 
Cefsulodin-Irgasan-novobiocin agar, 
Aeromonas, 431-432 
Ceftazidime 
preparations for sensitivity tests, 160 
(Table) 
Pseudomonas aeruginosa, 415-416 
Ceftriaxone, syphilis, 550 
Cefuroxime 
preparations for sensitivity tests, 160 
(Table) : 
urine culture sensitivity, 90 
Cell controls, complement fixation 
tests, 196 
Cell culture infective doses, 50%, 857 
Cell cultures, 675-692 
antisera, for immunofluorescence, 669 
Chlamydia, 624, 629-630 
Coxiella burnetii isolation, 583-584 
equipment, 679-680 
growth conditions, 677-678 
Mycoplasma, 592-593, 606-609 
rickettsia isolation, 585 
Rochalimaea, 586 
screening, for Mycoplasma, 616 
sterility testing, 681 
Cell identity checks, 679 
Cell lines see Continuous cell cultures 
Cell-mediated response, cutaneous 
leishmaniasis, 725 
Cell membrane, Mycoplasma, 591-592 
Cell monolayers, 675-676 
Chlamydia culture, 625-626, 629 
Cell smears, Epstein-Barr virus 
antibody tests, 689 
Cell strains (semi-continuous cell 
cultures), 675 
Cell suspension and dilution fluids, 
840-842 
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Cellular immunity, defective, 
infections from, 92 
Cellular interactions, Chlamydia, 622 
Cellulitis, Haemophilus influenzae, 451 
(Table) 
Cellulose, on gas plasma sterilization, 
824 
Cell wall analysis, Actinomyces, 347 
Central Africa, Onchocerca volvulus, 
skin snips, 773 
Centralized computer policies/systems, 
31-33 
Central nervous system 
biopsy, poliomyelitis, 639 
enteroviruses, 652 (Table) 
Listeria monocytogenes, 311 
1a, 593 
Central Public Health Laboratory, 
153-154 
Centrifugal method (Greaves), freeze- 
drying, 127-128 
Centrifugation-proteinase K method, 
' mycoplasma DNA isolation, 615 
Centrifuges, centrifugation, 845-848 
blood cultures, Staphylococcus aureus, 
249-250 
Chlamydia culture specimens, 625 
differential, Leptospira, 567 
hazards, 40, 50 
Mycobactertum 
decontamination, 332 
safety, 331 
for nucleic acid techniques, 210 
safety cabinets, 46 
sputum for DNA studies, 211 
urine, 86 
viruses, 649 
blood, 646 
Cephalexin 
charcoal blood agar, Bordetella 
pertussis, 469 
sensitivity, 156 (Table) 
urine culture, 90 
Cephalosporins, 247 
chromogenic, 167-168 
Neisseria meningitidis, 285 
Pseudomonas aeruginosa, 415 
sensitivity tests, 155 
Cephalothin, Campylobacter 
identification, 435 
Cercariae, trematodes, 762 
Cerebrospinal fluid, 77 
African sleeping sickness, 728 
aminoglycosides, assay, 172 
cultures, 79-80 
Listeria monocytogenes, 311 
Mycobacterium, 332 
mycology, 697, 698, 699 
Neisseria meningitidis, 286-287 
antigen detection, 296 
neurosyphilis, 556 
specimen collection, 77-78 
Streptococcus pneumoniae, 278, 280 
Trypanosoma brucet, 739 
virus culture, 683 
Cereolysin, 323 
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Cervicitis, 73 
Ureaplasma urealyncum, 595 
Cervix 
carcinoma, 73 
swabs, 96 
mycology, 698 
viruses, 643 
Cestodes, 759-761 
Chagas disease, 725-726 
Chagoma, 726 
Chancre, 76 
Chancroid, 76, 455—456 
Characteristic viral cytopathic effect 
(CPE), 637, 662, 679, 685-686 
infectivity titrations, 857 
Charcoal, Campylobacter, 435 
Charcoal blood agar, Bordetella 
pertussis, 469, 470-471 
Charcoal cefoperazone desoxycholate 
agar, 445 
Charcoal culture, Strongyloides, 770 
Charcoal gelatin discs, anaerobes, 509 
Checkerboard matrices 
antibiotic interactions, 173-174 
enterobacteriaceae identification, 379 
Chediak—Higashi syndrome, 91 
Cheese, 904 
Chemical disinfection, 813 
Chemiluminescence DNA probe assay, 
Chlamydia, 627 
Chemotherapy, cytotoxic, 92 
Chessboard titration, complement 
fixation tests, 198 
_ rickettsia, 579 
Chick embryo, Borrelia diagnosis, 564 
Chicken avidin, for antiigen-capture 
FIA, 658 
Chickenpox, 642-643 
Chick—Martin coefficient, 
disinfectants, 832 
Chiclero’s ulcer, 724 
Children 
Chlamydia, immunoglobulins, 628 
diarrhoea, 81 
enzyme-linked immunosorbent 
assays, Bordetella pertussts, 470 
Haemophilus influenzae, 451 
swabs, 96 
urine specimens, $6 
Chilled foods, 898 


_ Chilomastix mesnili, 728, 750 (Fig.) 


specimens, 745 (Table) 
trophozoites, cysts, 746 (Table) 
Chlamydia, 621-632 

C. pecorum, 623 

C. pneumoniae, 623 
serology, 629 

C. psittaci, 623 
laboratory-acquired infection, 39 
staff pregnancy, 47 

C. trachomans, 61, 62, 622-623 
ELA commercial kits, 658 
genital tract infections, 595 
immunoglobulins, 628-629 
non-gonococcal genital infection, 

75-76 
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non-gonococcal urethritis, 76 
culture, 624, 626 
developmental! cycle, 621-622 
enzyme immunoassay, 185, 626, 627 
guinea-pig antibodies, 193 
laboratory diagnosis, 624-629 
Chlamydospores, Candida, 701 
Chloral hydrate agar, 326 
Chloramphenicol 
assays, 170 | 
B. anthracis, 320 
Campylobacter, 436 | 
dermatophyte isolation, 709 
large-plate bioassay, diffusion assay, Q 
171 
meningitis, 79 
Neisseria meningitidis, 285 
Salmonella, 393 
sensitivity tests, 155 
Netsseria meningitidis, 287 
standard solutions, 172 


Yersinia pestis, 481 
Chloramphenicol resistance, 

Haemophilus influenzae, 454 
Chlorhexidine, hand washing, 828-829 
Chlorine dioxide, 828 
Chlorine-releasing compounds, 49, 51, 

827 
Chlorocresol, ophthalmic solutions, 415 
Chloroform, swarming control, 531 
Chloroxylenol disinfectants, 827 
Chocolate agar see Heated blood agar 
Cholera, laboratory diagnosis, 427-428 | 
Cholera red reaction, 444 
Cholesterol, mosaic fungus artefact, 707 
Cholesterol requirement, Mycoplasma, 

592 | 
Choroidoretinitis, 62 | 
Christensen’s broth, Helicobacter pylon, | 

440 
Christensen’s urea medium, 141, 701 | 

with glucose, 716-717 | 
Trichophyton spp., 706 
Chromatography, 147 
antibiotic assays, 171 
gas-liquid, Actinomyces, 347 
Chromatoidal bodies, Entamoeba 

histolytica cysts, 731 
Chromic acid cleaning, glassware, 843 
Chromobacterium violaceum, 460 

(Table), 462 
Chromogenic cephalosporin method, 

290 

(j-lactamase production tests, 

167-168 
Chromogens, enzyme immunoassay, 

187 
Chromosomally resistant Netssena 

gonorrhoeae, 288 
Chronic granulomatous liver disease, 

Coxiella burnett, 574 (Table), - 

580 
Chronic obstructive airways disease, 

Haemophilus influenzae, 451 
Chu inhibitors, heat destruction, 202 
Cidex, Pseudomonas aeruginosa, 415 
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Ciliates, 722, 736-737 
Ciprofloxacin 
B. anthracis, 320 
Campylobacter, 436 
Erysipelothrix rhusiopathiae, 314 
preparations for sensitivity tests, 160 
(Table) 
Pseudomonas aeruginosa, 417 
resistance, Netssena gonorrhoeae, 288 
Salmonella, Typhi, 393 
sensitivity testing, 156 (Table), 158 
urine culture sensitivity, 90 
Citrate 
fermentation, 133 
tube coagulase test for 
Staphylococcus, 255 
utilization test, 137 
Citrate buffer, 837 
Citrated blood, 103 
Citrate-phosphate buffer, 837-838 
enzyme immunoassay, 191 
Citrobacter, 368 
biochemistry, .363 (Table) 
C. freundn, us Buttiauxella agrestis, 373 
C. koseri, vs Kluyvera, 375 (Table) 
fimbrial antigens, 392 
on XLD agar, 386 
Citron bodies, 527 
Classical biotype, V. cholerae, 427 
Classifications 
enterobacteriaceae, 361-362 
protozoa, 721 (Table) 
Clavulanic acid 
proportion in co-amoxiclav, 166 
sensitivity tests, 156 (Table) 
culture media for, 160 
preparations, 160 (Table) 
urine culture, 90 
Staphylococcus aureus, 247 
testing for extended-spectrum 
fB-lactamases, 169 
Cleaning 
glassware, 97, 842-843 
pipettes, 843 
Cieaning agents, disinfectants, 826 
CLED agar see Cystine lactose 
electrolyte-deficient agar 
Clerical staff, 4, 646 
Clindamycin, sensitivity testing, 
Staphylococcus, 252-253 
Clinical data, 95 
Cloning, Mycoplasma, 603 
Glonorchis sinensis see Opisthorchis, 
O, sinensis 
Clostridium, 67 
C. argentinense, 542 
C. bifermentans, 525-526 
C. botulinum, 542-545 
culrure, 545 
food testing, 906 
isolation medium, 546 
vacuum-packed cooked meats, 903 
C. butyricum, toxin transfer, 543-544 
CG. chauvoei, 525 
C. difficile, 81, 83, 539-542 
laboratory diagnosis, 541-542 


C. histolyticum, 526 
C. nigrificans, canned foods, 902 
C. novyi, 524 
vs G. botulinum, 543 
fas gangrene, 527 
phospholipase inhibition, 531 
C. perfringens, 522-524 
control strains, 154 (Table) 
counting in drinking water, 887, 
890-891 : 
cultures, 82 
food-poisoning, 537-539 
food testing, 905 
gas gangrene, 527 
phospholipase inhibition, 531 
C. septicum, 525 
gas gangrene, 527 
swarm control, 53] 
C. sordelli, 525-526 
gas gangrene, 527 
C. sporogenes, 526 
vs C, botulinum, 543 
C. terttum, 526 
neutropenic enterocolitis, 526 
CG. fetam, 527-528 
us C. sporogenes, 526 
gas gangrene, 527 
swarm control, 53] 
C. thermosaccharolyticum, canned 
foods, 902 
fluorescence, 501 
identification, 512 (Table), 513 
(Table) 
methods, 529-535 
microscopy, 69 | 
selective medium, 508 
sulphite-reducing, drinking water, 
884, 887, 889 
wound infection, 521-535 
CLOtest (Medical Instruments), 440 
Clothing, autoclaving, 822 
Clue cells, 75 ; 
bactenal vaginosis, 458 
Clumping factor see Bound coagulase 
C,40, (Maximum concentration at 
infection site), 165 
CMRL. 1066, SP-4 medium, 611 
CMRL medium, 677, 690 
Coagglutination (tests) 
cerebrospinal fluid, 80 
Neisseria, 295-296 
Streptococcus pneumoniae, 277, 280 
Coagulase-negative Staphylococcus spp., 
250-252 
Coagulases, Staphylococcus aureus, 245 
Co-amoxiclav 
breakpoint testing, 165, 166 
sensitivity testing, 156 (Table) 
Staphylococcus aureus, 247 
testing for extended-spectrum f[i- 
lactamases, 169 
urine culture sensitivity, 90 
Coating, antibody/antigen, enzyme 
immunoassay, 186 
Coating buffer, enzyme immunoassay, 
19] 


Coccidial oocysts, microscopical 
features, 747 (Table) 
Coccoid forms, Campylobacter, 436 

Code of Practice, animal facilities, 866 
Coding lists, data entry, 24-25 
Co-factors, complement activation, 193 
Cold enrichment 
Listeria monocytogenes, 312 
Yersinia enterocolitica, 484 
Cold haemagglutinins, Mycoplasma 
pneumomiae, 599 
Cold rooms, 10 
Cold storage, 111, 125 
Cold tolerance 
Pseudomonas, 413 
Yersinia enterocohtica, 484 
Colicin typing, Shigella, 409 
S. sonnei, 412 
Coliform bacilli, 361 
drinking water, 883, 890 
urine, 89 
Coliform count test 
ice cream, 898 
milk, 895-896 
Colistin, Gardnerella vaginalis isolation, 
457 
Co-localization of antigens and nucleic 
acids, 788-789 
Colon . 
carcinoma, 55 
helminths, 773 (Table) 
polyps, 55 
Colonia] dissociation, Pseudomonas 
aeruginosa, 415 
Colonies pS 
seeding multiple cultures from, 
115-116 
seeding pure cultures from, 120 
Colonization, wounds, 66 
Colony count test 
ice cream, 898 
milk, 895-896 
Colorimeters, photoelectric, 848, 851 
Colour development buffer, 
phosphatase test on milk, 894 
Columbia agar 
Arcanobacterium isolation, 346 
Gardnerella vaginalis, 457 
Combinations, antibiotics, 173 
Commensals 
anaerobic cocci, 506 
blood cultures, 55, 124 
Clostridium perfringens, 522, 537 
female genital tract, 74 
Haemophilus influenzae, 451 
identification policy, 7 
isolation of mycobacteria, 333 
male urethra, 77 
Netseria, 291-292 
reporting, 70-71 
Staphylococcus, 246 
Treponema, 549 
Commercial preparations 
auramine phenol stain, acid-fast 
bacteria, 803 
buffers, 839 
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Commercial preparations (contd) 
media, quality control, 16 
Commercial sources 
antisera, 784 - - - =e = 
enzyme immunoassay ayeternis, 
658-659 
Mycoplasma test materials, 616 
Commercial systems 
bacterial identification, 148-149 
biotyping, Haemophilus influenzae, 451 
blood culture, 123-124 
enterobacteriaceae identification, 
379-380 
enzyme immunoassay, 183-184 
minimum inhibitory concentration, 
162-163 
polymerase chain reaction, 
Chlamydia, 628 
syphilis, 554 
Committees, 4—5 
Communications, computer data, 19 
Community-acquired infections 
coagulase-negative Staphylococcus, 
251 
pneumonia, 63 
Mycoplasma fermentans, 595 
Comparative typing, Clostridium 


difficile, 541 
Competition radioprecipitation assays, 
192 


Complement fixation tests, 192-200 
Brucella, 477-478 
Chlamydia, 629 
complement titration, 196 
diluent tablets, 841-842 
Leptospira, 568 
Mycoplasma pneumoniae, 596-597, 
599-600 
Netssena meningitidis, 287 
rickettsia, 579-580 
Complement-foung anugens, 
Mycoplasma pneumoniae, 
commercial sources, 616 
Complement system, defective, 
infections from, 92 
Complete meals, frozen, 901 
Complex suspending media, 842 
Compound fractures, infection, 68 
Computer Departments, 21-22 
Computers, 17-35, 646 
antigenic epitope prediction, 785 
breakpoint testing, 166 
enterobacteriaceae identification, 
379-380 
glossary of terms, 33-35 
identification tests, 148-149 
reports, 9, 22, 649 
rooms for, 11 
Concentration 
faeces for helminths, 769 
optical measurement, 848 
protozoa detection, 722 
Concomitant organisms, 
actinomycosis, 349 
Condensation 
steam, 817 
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water of, 99 
Conductivity meters, water for cell 
cultures, 679 
Confidentiality, genital tract infections, 
72-73 
Confirmatory blocking assay, enzyme 
immunoassay, Chlamydia, 627 
Confirmed coliform counts, 886 
by filtration, 888-889 
Congenital immunodeficiency, 91 
Congenital rubella, 640 
Congenital syphilis, 555-556 
Congenital toxoplasmosis, 733 
Congo/Crimean haemorrhagic fever 
virus, 653 (Table) 
Conidia, dermatophytes, 703 
Conjugation . 
enzyme immunoassay, 186-187 
immunofluorescence, 786 
Conjunctivitis, 61-62 
adenoviruses, 638 
Haemophilus aegyptius, 454 
Moraxella lacunata, 61, 292 
virology 
immunofluorescence, 660 
specimens, 643, 665 
Connaught Medical Research 
Laboratories 1066, 570 
see also CMRL medium 
Contact cards, staff, 47 
Contact inhibition, primary monolayer 
cell cultures, 675 
Contact lenses 
Acanthamoeba, 731 
Pseudomonas aeruginosa, 414 
Contagious pustular dermatitis virus, 
infections, 651 (Table) 
Containers 
cell cultures, 680 
specimens, 95-96 
Containment, Mycoplasma 
contamination, 609 
Containment levels, 41-42 
autoclaves, 816 
Chlamydia, 625 
Mycobacterium, 331-332 
rickettsia, 577 
see also Hazard groups 
Contamination 
amplicons, 208 
B. anthracts, 322-323 
blood cultures, 123 
cell cultures, 678-679 
Mycoplasma, cell cultures, 606-609 
polymerase chain reaction, 231-232 
wounds, 66 
see also Decontamination of specimens 
Continuous ambulatory peritoneal 
dialysis, 72 
Continuous cell cultures, 675-676 
cell types, 676 
Continuous-flow centrifuges, 846 
Continuous-flow rotors, cenunfuges, 846 
Control antisera, rickettsia, 579 
Control of Substances Hazardous to 
Health (1988), 37, 40, 48 
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Controls 
breakpoint testing, 166 
complement fixation tests, 196 
identification tests, 131-132 
polymerase chain reaction, 
Mycoplasma, 615 
Control strains, antibiotic sensitivity 
testing, 153, 159, 160 
minimum inhibitory concentrations, 
161] (Table) 
Conventional animals, 867 | 
Cook-chill food, 898 | 
Cooked meat broth, 107 : 
Actinomryces, 345 | & 
with anaerobe investigation medium, 
508 
anaerobic Gram-negative rods, 505 
blood culture, 122 | 
clostridia in, 521-522 
gas gangrene, 527 
pre-reduced, 117 
tissue infections, 68, 69, 70 
Cooked meats, vacuum-packed, 
902-903 
Cooling, autoclaves, 821 
Cooling towers, Legionella, 493 
Copper, 97, 101 
Corazon strains, Coxiella burnett, 584 
Core IgM, hepatitis B, 641 
Cornea 
ulceration, Pseudomonas aeruginosa, 
414 
virology 
immunofluorescence, 660 
specimens, 665 
Cornmeal agar, 716 
Coronary artery disease, Chlamydia 
pneumomiae, 623 | 
Coronaviruses, infections, 652 (Table) - | 
Corroding appearance, Etkenella 
corrodens, 460 
Corrosive reagents, safety precautions, l 
793 
Corynebacterium, 299-308 
vs Actinomyces, 347 (Table) ee 
biochemical reactions, 300 (Table) 
C. diphtheriae, 299-303 
C. pseudodiphthenticum (C. 
hofmannti), 300, 303, 304-305 
C. pseudotuberculosis, 303, 304, 482 
C. ulcerans, 300, 301, 303-304 
C. xerosis, 302, 303, 305 
vs Gardnerella vaginalis, 457 
JK group, 303, 304 
Coryneforms, 299 
Costs 
breakpoint testing, 166 
of computer systems, 31 
workload statistics, 30 
Co-trimoxazole 
breakpoint testing, 165-166 
Listena monocytogenes, 310 
Cotton-wool, 814 
Counterimmunoelectrophoresis 
Haemophilus influenzae, 452 
Streptococcus pneumoniae, 277, 281 
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Counterimmunofluorescence, P 
Actinomryces, 348 
Counterstains 
Gram stain, 798 
immunofluorescence, 784-785, 788 
Counting chambers, 78 
Counting fluid, for CSF, 79 
Counts 
bacteria, 848-850, 856-857 
blood cultures, 123 
cell cultures, 681 
faeces, 537, 538 
food, 538 
indicator organisms, faecal 
contamination of water, 
884-891 
Cover-slips 
cleaning for films, 794 
fixing, mounting media, 668 
fixing and immunofluorescence 
staining, Chlamydia, 630 
Cows, Actinomyces infection, 344 
Coxiella burnetu, 55, 62, 573-575, 583 
antibodies, immunostaining, 784 
antigens, 580, 581 
appearance, 578 
immunofluorescence, 578 
laboratory-acquired infection, 39 
laboratory diagnosis, 583-585 
liver function tests, 84 
microimmunofluorescence test, 
580-581 
© fever, 575 
serology, 584 
skeletal infection, 68 
staff pregnancy, 47 
Coxsackie A and B viruses 
infections, 652 (Table) 
infective myopericarditis, 56 
CPLM medium, modified, 
Trichomonas vaginalis, 743—744 
Craigie tube assembly, B. anthracis 
culture, 322 
Craigie tube culture method, 181 
changing H phase, Salmonella, 402 
C-reactive protein, 93 
Cream, 897 
legal requirements, 892—893 
p-Cresol production, Clostridium 
difficile, 540, 542 
Cresol red, 836 (Table) 
Cresyl-fast violet, Mycoplasma, 604, 
610 
Creutzfeldt-Jakob disease, disinfection 
of spillages, 826-827 
Critical cell mass, 152 
Crohn’s disease, 336 
Cross-contamination, cell lines, 676 
Crossed immunofluorescence, 
Actinomyces, 348 
Cross-infection, 66 
Cross-reacting antigens 
Brucella, 476 
Haemophilus influenzae, 453 
Cross-reactions, immunostaining, 784 


Cryptococcus 
C. neaformans 
cerebrospinal fluid, 78, 698 
culture, 698 
latex agglutination test, 703 
urease test, 701 
Cryptospondium, 732 
coccidial oocysts, 747 (Table) 
drinking water, 891 
specimens, 81, 745 (Table) 
Crystal violet, Gram stain, 797 
Crystal violet blood agar, Streptococcus, 
266, 270 
Culture-amplified enzyme 
immunoassay, 656, 662-663, 672 
speed, 655, 662-663 
Culture enrichment, nucleic acid 
amplification, 225 
Culture media, 100—109 
Actinomyces, 346 
antibiotic sensitivity testing, 160 
cell cultures, 677 
sterility testing, 681 
containers, 97 - 
dermatophytes, 708-709 
disc diffusion tests, 153 
distribution, 98 
sterilized, 99-100 
endocarditis, 55 
for freeze-drying, 126-127 
fungi, 715-717 
identification of, 110 
multipurpose autoclaves, 821-822 
mycology, 696 
Nocardia, 351 
preparation, 97—100 
quality control, 15—16, 111 
recipes, 103-110 
steaming, 815 
storage of, 110-111 
yeasts, 098 
see also named media 
Culture-negative endocarditis, 56 
Cultures 
bactena, 113—]129 
nucleic acid extraction, 214-216 
procedures, 114-116 
discarding, 49, 128-129 
eye infections, 61 
injection into animals, 869 
Mycoplasma, 602-603 
in cells, 609 
sputum, 65 
Strongyloides, 770 
urine, semi-quantitative, 87-88 
Cutaneous leishmaniasis, 724, 725 
Cut-off values, enzyme Immunoassay, 
187-188 
Cuts to skin, 49 
Cutting tissue sections, 811 
Cycloheximide 
Chlamydia culture, 625-626 
dermatophyte isolation, 708 
malt peptone agar, 715 
selective buffered charcoal yeast 
extract agar, legionellaceae, 495 


Cyclospora, 736 
Cysteine 
for anaerobic bacteria, 507 
Fusobactena fluorescence, 501 
Lepionella oakridgensis, 492 
Cysteiné dithiothreitol blood agar, 
530-531 
Cyst excretion, Entamoeba histolynca, 
730 
Cysticerci, 7aema solitum, 760 
Cystic fibrosis 
Pseudomonas aeruginosa srideccbcu, 
414 
Pseudomonas cepacia, 420 
Cystine, C. diphtheriae, 300 
Cystine lactose electrolyte-deficient 
agar 
recipe, 380 
urine, 88, 364 
Cystine-thiosulphate-tellurite serum 
agar, 306 . 
Cystitis, 84 
Cysts 
Entamoeba histolytica, 731 
intestinal protozoa, 746 (Table) 
Cytology, virology, 656 
Cytomegalovirus 
culture-amplified enzyme 
immunoassay, 656 
infections, 651 (Table) 
Cytopathic effect see Characteristic 
viral cytopathic effect (CPE) 
Cytotoxic chemotherapy, 92 
see also Antimetabolites 
Cytotoxin, Clostridium difficile, 541 
assay, 546 


Dairy products 
Brucella isolation, 477 
examination, 892-898 
Daisy head colonies, C. diphtheriae, 
300 
Dakopatts, commercial source of 
antisera, 784 
Dalmau culture plate, 700-701 
Darkground microscopy 
Campylobacter, 435 
Leptospira, 559 
Treponema pallidum, 551-552 
Darkrooms, 10-1] 
Data acquisition, 17-18, 646 
Data analysis, 18 
Databases 
design, 30 
enterobacteriaceae identification, 
379-380 
Profile Index, 148 
Data entry, 23-26 
errors, 26 ' 
Data Processing Departments, 21—22 
Data storage, 19 
DCLS medium, Salmonella, 386, 
394-395, 399 
Dead animals, disposal procedures, 
871 
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DEAE cellulose-based method, 5’- 
[**P]- phosphorylation, nucleic 
acid probe labelling, 218 
Decarboxylase tests, 139-140 -.. 
Salmonella, 388 
Shigella, 406 
Decerebrate animals, 865 
Decision trees, 26-28 
Decolourizers 
Gram stain, 797 
Ziehl—Neelsen stain, 800 
Decontamination of specimens 
for Legionella, 493 
for Mycobacterium, 333, 337-338 
for viruses, 647 
see also Contamination . 
Deep freeze refrigerators, 111, 125 
viruses, 649 
Deep semi-solid thioglycollate 
medium, 110 


Defibrination, blood for culture media, . 


102-103 
Degradation tests, oxidative 
actinomycetes, 357 
Dehydrated prepared media, 103 
Deionized water, 840 
Delayed hypersensitivity skin test, 
Leishmania, 725, 740 
Delta agent, infections, 652 (Table) 
6-aminolaevulinic acid, porphyrin 
synthesis test, 465 
Delta virus antigen, immunostaining, 
784 
Demand, management of, 30--31 
Dengue viruses, 653 (Table) 
Denhardt's solution, 221 
Denominators, laboratory-acquired 
infections, 37 
Density-gradient centrifugation, 
847-848 
Dental abscesses, 67 
Deoxo pellets, anaerobic cultures, 117, 
119 
Deoxycholate citrate agar 
Eschenchta, 364 
Sabnonella, 386, 399 
Shigella, 405 
Deoxynucleoside triphosphate 
reagents, 210 
Deoxyribonucleases, Streptococcus, 265 
Deoxyribonuclease tests 
plate test, Serratia, 371 
Staphylococcus, 256 
Dermatophilus congolensis, 354 
Dermatophytes, 703 
identification, 710 
isolation, 708-709 
Derogation, ACDP document, 41 
Detergents, and disinfectants, 826 
Dextrose-gelatin-Veronal buffer, for HI 
tests, 203 
Diagnostic tables, 131 
_Diraltster pneumosinies, 516 (Table) 
Diaminopimelic acid isomers, 354 
meso-Giaminopimelic acid, 351 __ 
Diarrhoea, 80-81 
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laboratory-acquired infection, 39 
Diazepam, animal anaesthesia, 869, 880 
Dichelobacter nodosus, 516 (Table) 
Dichromate-sulphuric acid cleaning 

solution, 843 
Dick test, 265 
Dienes phenomenon, Proteus, 373 
Dienes’ stain, Mycoplasma, 604, 
609-610 
Dientamoeba, 730 
D. fragilis, 750 (Fig.) 
in Robinson’s medium, 743 
specimens, 745 (Table) 
trophozoites, 746 (Table) 
Dietary liver, spurious fluke infections, 
763 : 
Diethyl ether : 

animal anaesthesia, 869, 876-877 

hazard, 743 
Differential centnfugation, Leptospira, 

567 
Differential leucocyte counts, 
cerebrospinal fluid, 79 


Differential reinforced clostridial 


medium, 887, 913 
Diffusion methods 
antibiotic assays, 170-173 
Neisseria ponorrhoeag, 291 
see also Disc diffusion methods 
DiGeorge syndrome, 91 
Digest broths, 100, 104-105 
Digestion of milk, 139 
DIG-labelled DNA probes, 218 
visual colorimetric detection, 221 
Digoxygenin-labelled dUTP see DIG- 
labelled DNA probes 
Dihydrofurans, 826 
Dilution fluids, 840-842 
Dilutions 
antisera, immunofluorescence, 669 
blood cultures, 121 
CSF for cell counts, 78-79 
microscopic agglutination tests, 
Leptospira, 570 (Table) 
virus titration, 687 
p-Dimethylaminobenzaldehyde, 139 
Dimethylformamide, stripping filters, 
221-222 
Dimethyl sulphoxide, potassium 
hydroxide, superficial mycoses, 
specimens, 707, 712: 
Diphasic media 
Castanheda medium, 109, 123 
Mycoplasma, 602, 611 
iM. pneumoniae, 598 
protozoa, 739-740 
Diphasic Salmonella, 389 
Diphtheria, 58-59, 299 
toxin, 301 
Diphtheroid bacilli, 299, 311 
blood cultures, 124 
Paphyidium caninum, 761 
Diphyllobothrium, 773 (Table), 774 
(Table) 
D. latum, 760, 776 (Fig.) 
eggs, 775 (Fig.) 
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Diplococci, 275, 283-297 
pus smears, 69 
Dip-Quick stain, Trichomonas vaginalis, 
730 Ft ntes 
Dip-slides, urine, 66 
culture, 89 
Dipstrip method, automated, urine 
screening, 85 
Dipylidium, 773 (Table), 774 (Table) 
Direct antigen detection, Chlamydia, 
626-627 
Direct detection, viruses, 657-662 
Direct enzyme immunoassay, 184, 
185, 188-189 
Direct fluorescence antibody tests 
Legionella, 493, 496-497 
Treponema pallidum, 552 
Direct haemagglutinin tests, 147 
Direct immunofluorescence, 668, 782 
Bordetella, 470, 471 
gas gangrene, 527 
virology, 659 
Directors of laboratories, 4—5 
and safety, 48 
Disacchandes, 133 
Discard bins, 128-129 
Discard cultures, glassware, 842 
Discard jars, 49 
disinfectants, 828 
Discard loads 
autoclaving, 819 
multipurpose autoclaves, 822 
testing, 831 
Disc diffusion methods, sensitivity 
testing, 152-158 
Mycobacterium, 335 
Discipline, 48 
Discs, sensitivity tests, 155 (Table) 
Disc test, X and V requirements, 463 
Disinfectants, 825~829 
disposal of cultures, 128 
Mycobactertum, 332, 333 
Pseudomonas aeruginosa, 415 
routine use, 49 
safety, 50-51, 826 
safety cabinets, 46 
testing, 832 
Disinfection, 813 
Coxiella burnetii, 583 
rickettsia killing, 573 
virus spillages, 647 
Disposable containers, 95 
Disposal procedures, 49-50 
Coextella burnetii, 583 
cultures, 128-129 
dead animals, 871 
hazards, 40 
Mycobactenum, 332 
Disseminated gonococcal infection, 
289, 291 
Dissociation, colonial, Pseudomonas 
aeruginosa, 415 
Distilled water, 840 
Distribution, assay results, 854 
Dithiothreitol, sputum 
homogenization, 65 
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Diurnal cycle, Wuchereria bancroftii, 767 
Divers, Pseudomonas aeruginosa, 414 
Division of Microbiological Reagents 
and Quality Control, Central 
Public Health Laboratory, 
153-154 
DL-glutamate, Pseudomonas pigment 
production, 423 
DNA 
analysis, 147-148 
extraction, 211-213 
Mycoplasma, isolation, 615 
synthesis, reverse transcriptase, 214 
testing, Mycoplasma, 607 (Table), 
608 (Table) , 
typing systems, Pseudomonas 
aeruginosa, 418 
virology, 661-662 
DNA loading buffer, agarose gel 
electrophoresis, 210 
DNA polymerases 
heat-stable, 227 
IL, 217 
reverse tramscriptase activity, 214 
DNA probes 
Chlamydia, 627-628 
labelling, 217-218 
Listeria, 313 
MOTT, species differenuation, 331 
Nocardia asteroides, 353 
preparation, 216-217 
DNase test see Deoxynbonuclease tests 
DNASIS (Hitachi), nucleic acid 
sequence database access, 228 
DNA virus infections, 651 (Table) 
Dogs 
Actinomyces infection, 344 
bites, Staphylococcus intermedius, 251 
Donovan bodies, 462 
Dorset’s egg medium, see Egg saline 
medium 
Dose-response curves 
animal mortality, 860-861 
antibiotics, 172, 176-177 
Dot blot techniques, 209, 219 
hepatitis B virus, 237-239, 669-672 
pre-core mutant, 238-239 
PCR, 230 
virology, 656, 661, 663 
Double antigen staining, 
immunofluorescence, 788 
Double disc tests, antibiotic 
interactions, 175 
Double glass-distilled water, 840 
Doubling dilution progressions, 173 
Downward displacement autoclaves, 
820 
air removal, 818 
Doxycycline, syphilis, 550 
DPA mounting medium, 795 
Dracunculus, 773 (Table), 774 (Table) 
D. medtnensts, 768 
Draughtsman colonies, 275 
Drinking milk, standards, 898, 900 
(Table) 


Droplet-nuclei, 39 


Drug abuse, intravenous, endocarditis, 
55 

Drumstick spores, 528—529 

Dry-film methods for capsules, 804 

Dry heat stenlization, 813-814 

Dry ice see Carbon dioxide, solid 

Drying, for preservation, 125-126 

Dryness fraction, steam, 818 

‘Dry’ nitrogen shippers, rickettsia, 578 

Dry weight, cultures, 850 

DST agar, large-plate diffusion assay, 
171 : 

Dubos medium, 340 

Dugway strains, Coxtella burnett, 583, 
584 

Dulbecco’s Minimal Essential 
Medium, 677, 690 

Dulbecco’s phosphate-buffered saline, 
690 

Dulcitol fermentation, Shigella, 406 

DUMP, degradable PCR amplicons, 
232 

Duncan & Strong, medium for 


G. perfringens, 530 


Duodenal aspirate, modified uichrome ~ 


stain, 74] 
Duodenal biopsy, Enterocylozoon 
bieneusi, 735 
Duplicate patient entries, 23-24 
Durham tubes, 134 
Dusts, infective, 39-40 
D values, spores, 831 
Dwarf colonies, Pseudomonas 
aeruginosa, 415 
Dye tolerance tests, 144 
Dysentery, 81 
amoebic, 730 
Shigella, laboratory diagnosis, 
409-411 
Dysgonic growth, Mycobactertum bovis, 
335 


eae gene probes, enteropathogenic 
E. coli, 367 
EAF gene probes, enteropathogenic 
FE. colt, 367 
Eagie minimal essential medium, 
Coxiella burner isolation, 583 
Ear infections, 60-61 
Mycoplasma, 593 
Pseudomonas aeruginosa, 414 
Earle’s salt solution, cell cultures, 677 
Early morning urine, 86 
Mycobacterium, 332 
Trichomonas vaginalis, 729 
Earthworms, ws Ascaris lumbricoides, 765 
East African relapsing fever, 564 
Ebola virus, 653 (Table) 
Echinococcus, 773 (Table), 774 (Table) 
E. granulosus, 761 
Echoviruses 
infections, 652 (Table) 
infective myopericarditis, 56 
Ectothrix, 707 
Eczema, viral infections, 67 


EDTA, rapid plasma reagin test, 
syphilis, 553 

EDTA combinations, ophthalmic 
solutions, 415 


. Edwardsiella, 367-368, 386 
. EF6 group, Vibrio fluvialis, 429 


Egg media, 100 
Egg saline medium, 109 
Enterobacteria, 124 
Eggs (food), 903 
Eggs (helminths), 775 (Fig.) 
Ascaris lumbnicoides, 765 
Fasciola hepanca, 763 
hookworms, 766 
Opisthorchis, 763 
Schistosoma, 762 
laema 
perianal collection, 770 
T. saginata, 760 
Eggs (hen’s), embryonated, Lezionella 
pneumophila, 492, 494 
Egg-yolk media, 143, 325 
Clostridium, 522 
C. botulinum, 545 
Legionella pneumophila, 491 
Egg-yolk suspension, Willis & Hobbs 
medium, 533 
Ehrlichia, 574 (Table), 575-576 
FE. canis, detecnon, 587 
FE. chaffeensis, 575 
detection, 587 
pranulotropic, 576 
laboratory diagnosis, 586—587 
Eijlanan test, drinking water, 886 
Etkenella, 503 
FE. corrodens, 460-461 
Eimena 
E. sardinae, 750 (Fig.) 
oocysts, 733 
see also Sheather’s sucrose flotation 
method 
Electricity at Work Regulations 
(1989), 37 
Electrode potentials, 839-840 
Electron microscopy, 183, 789-791 
Coxiella burner, 578 
flagella, 805 
Elek’s test, 141-142 
Elementary bodies, Chlamydia, 
621-622, 626-627, 630 
Elephantiasis, 767 
ELISA see Enzyme-linked 
immunosorbent assays 
Ellinghausen & McCullough’s 
medium, Lepiosfira, 560, 
566-567 
Eliner medium, Clostridium perfringens, 
522, 529-530 
E] Tor biotype, V. cholerae, 426, 427 
haemagglutination test, 444 
Embedding tissue sections, 811 
Emboli, infected, 56 
Embryonated hen’s eggs, Legionella 
pneumophila, 492, 494 
Embryophores, 7aeria saginata, 760 
Enanthems, 72 
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Encephalitis see Allergic encephalitis; 
Herpes simplex virus, 
encephalitis; 
Meningoencephalitis 

Encephalttozoon, 735 

Endocarditis 

Goxtella burnett, 584 

infective, 55—56 

Listeria monocytogenes, 311 

Pseudomonas aeruginosa, 414 

rickettsial, 574 (Table), 575 

serum bactericidal activity testing, 

169, 170 | 

Stomatococcus mucilaginosus, 246 
Endocervical swabs, 74, 289 

Chlamydia, 624 

Endoflagella, Treponerna pallidum, 549 

Endogenous infections, 66 

Endolimax nana, 750 (Fig.) 

microscopical features, 747 (Table) 
in Robinson’s medium, 742 

Endothnx, 707 _ 

Endotoxic shock, 54. 

Enhanced haemolysis agar, 312 

Enriched culture media, 105-106 

Enrichment cultures, 100 

Enrichment media, 120 

Salmonella, 387 

Entamoeba 
Ent. coli, 750 (Fig.) 
Ent. hartmanni, in Robinson’s 
medium, 742 

Ent. histolytica, 730-731, 750 (Fig.) 
biopsy, rectal ulcer, 743 
Robinson’s medium culture, 742 
vs Shigella, 410 
specimens, 745 (Table) 

microscopical features, 747 (Table) 

Enteric fever see Typhoid fever 

Enteric infections, laboratory-acquired, 
38 

Enteric media, quality control, 15 

Enteritis (animals), Clostridium 
perfringens toxins, 523 (Table) 

Enteritis necroticans, 539 

Clostridium perfringens toxins, 523 
(Table) 
Enterobacter, 370 
biochemistry, 363 (Table) 
E. agglomerans see Pantoea 
triple sugar iron agar test, 145 (Table) 
Enterobacteriaceae, 361-384 
identification systems, 377-380 
laboratory investigations, 376-377 
us other aerobic Gram-negative 
bacilli, 362 (Table) 
storage, 124 
urinary tract infections, second-line 
antibiotics, 377 
Enterobius, 773 (Table), 774 (Table) 
E. vermiculans, 765, 776 (Fig.) 
eggs, 775 (Fig.) 
perianal swab, 769-770 
urine, 759 
Enterococcus, 263-264 
ws Alerococcus, 270 
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antibiotic sensitivity testing, control 
organism, 154 
drinking water, 884, 890 
FE. avin, 270 -(Table)- 
E. durans, 270 (Table) 
E. faecalis, 269, 270 (Table) 
on CLED medium, 380 
control strains, 154 (Table) 
endocarditis, 55 
E. faecium, 269, 270 (Table) 
urine, identification, 89 
Enterocytozoon, 735 
Enterohaemorrhagic FE. coli see Vero 
cytotoxin producing E. coli 
Enteroinvasive E, colt, 365 (Table), 366 
Enteromonas hominis, 728, 750 (Fig.) 
trophozoites, cysts, 746 (Table) 
Enteropathogenic E. coli, 365 (Table), 
367 


Enterotoxaemia (sheep), Clostridium 


perfringens toxins, 523 (Table) 
Enterotoxigenic F. coh, 365-366 
Enterotoxins 
Clostridium difficile, 541 
Clostridium perfringens, 82, 539 
Escherichia coli, 365, 366 
Staphylococcus, 258 
S. aureus, 250 
food testing, 905 
Enteroviruses 
acute haemorrhagic conjunctivitis, 61 
central nervous system, 652 (Table) 
gastroimtestimal infections, 652 
(Table) 
haemagglutination-inhibition tests, 
201 (Table) 
hand, foot and mouth disease, 653 
(Table) 
hepatitis A, 638 
Environmenta! surveillance, 
Pseudomonas cepacia, 420 
Enzyme amplification cascade systems, 
for antigen-capture EIA, 658 
Enzyme/chromogen systems 
for antigen-capture EIA, 658 
immunofiltration, 660-661 
Enzyme conjugates, enzyme 
immunoassay, 186-187 
Enzyme immunoassay 
antibiotics, 171 
Chlamydia, 185, 626, 627 
infections, 183-192 
methods, 188-192 
Mycoplasma pneumoniae, commercial 
sources, 616 
rickettsia, 581-582 
Treponema pallidum, 552, 553 
see also Culture-amplified enzyme 
immunoassay 
Enzyme-linked immunosorbent assays, 
241, 858-859 
Bordetella pertussts, 4770 
Leptosjira, 562 
monoclonal antibodies, Listeria, 313 
Neisseria meningitidis, 287 
Nocardia, 352 


Streptococcus pneumoniae, 277 

Toxoplasma, 733 
Enzymes 

Staphylococcus aureus, 246 - 

tests for, 140—144 

media for Mycoplasma, 612 
Eosinophilia 

helminths, 773 (Table) 

loaiasis, 768 | 
Eosinophils, peritoneal dialysis fluid, 71 
Epidemics 

Neisseria meningitidis, 286 

V". cholerae, 427 
Epidemic typhus, 574 (Table), 575 
Epidemiology 

computers, 29 

Neisseria gonorrhoeae typing, 289 

Pseudomonas typing, 418 
Epidermophyton, 703 

E. floccosum, 704, 705 (Table) 
Epididymitis, 76 
Epiglottitis, Haemophilus influenzae, 

451 (Table) 
Epithelial cells, urine, 87 
Epithelioid angiomatosis, 56 
Epsilometer (PDM), 163 
Epsilon toxin, Clostridium perfringens, 
524 
Epstein-Barr virus, 59 

cell culture for antibody tests, 689 

infections, 651 (Table) 

lymph node biopsy, 668 
Equilibrium gradient centrifugation, 

848 
Equine glanders, 419 
Equipment, 11 

computers linked to, 19-20 

quality control, 16 

viruses, 648-649 
Erwinia herbicola see Pantoea 
Erwinia milletiae see Pantoea 
Erystpelas, 67 
Erysipelothnx 

ws Actinomyces, 347 (Table) 

E. rhustopathiae, 313-314 
Erythema chronicum migrans, 563 
Erythema multiforme, Mycoplasma, 593 
Erythema nodosum 

Mycoplasma, 593 

Yersinia pseudotuberculosts, 482 
Erythrocytes 

counts, cerebrospinal fluid, 78-79 

for HI tests, 203 
Erythrogenic toxins, Streptococcus 

pyogenes, 265 
Erythromycin, 436 

atypical pneumonia, 63 

G. diphtheriae, 301 

Legionella pneumophila, 491 
_ preparations for sensitivity tests, 160 

(Table) 
resistance, Mycoplasma fermentans, 
595 

for Robinson’s medium, 742 

Streptococcus pneumoniae, 276 

whooping cough, 467 
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Escherichia, 363-367 
E. adecarboxylata, 374-375 
E. blattae, 367 
E. coh, 363-367 
biochemistry, 363 (Table) 
on CLED medium, 380 
control strains, 154 (Table) 
diarrhoea, 81, 82 
nucleic acid studies, 211 
drinking water, 883-884, 886, 890 
bacteriophages, 884 
count by filtration, 888-889 
identification, 378 
infections, 364-367 
0157, 366,381 
optimum pH, 835 
Robinson’s medium, use in, 742 
Shigella, cross-reactions, 408, 409 
Treponema pallidum antigen 
production, 550 
triple sugar iron agar test, 145 
(Table) | 
on XLD agar, 386 
see also Alkalescens- -Dispar 
organisms 
E. ferguson, 367 
E. hermanit, 367 
us E. colt 0157, 366 
E. vulneris, 367 
Eskimos, Alaska, Haemophilus 
influenzae, 451] 
Espundia, 724 
Esterase production, Szaphylococcus, 
257 
E test (Difco), methicillin resistance, 
253 
E test (PDM Epsilometer), 163 
E tests (AB Biodisk), Campylobacter, 
437 
Ethanol 
70%, 50 
absolute, Gram stain, 797 
Clostridium botulinum enrichment, 
545 
disinfection, 827-828 
Mycobacterium, 332 
© anogens, Salmonella, 389 
pretreatment of Bacillus spp., 317 
for tissue sections, 795 
Ziehl—Neelsen stain, 333, 800 
Ethidram bromide 
agarose gel electrophoresis, 210 
counterstaining, 
immunofluorescence, 788 
genomic DNA extraction, 216 
Ethylene oxide sterilizers, 823-824 
testing, 832 
Eubacterium 
ws Actinomyces, 347 (Table) 
identification, 513 (Table) 
Eugonic growth, Mycobacterium 
tuberculosis, 335 
European Committee for 
Standardisation of 
Disinfectants, 825 _ 
European Community 


hazard groups, 41 
water quality standards, 891 
see also ACDP 
Europium, for antigen-capture EIA, 658 
Euthanasia see Humane killing 
Evans blue, counterstaining, 
immunofluorescence, 788 
Evaporative freezing, 126 
Ewingella americana, 374 
Exanthems, 72 
Exception tree building, expert 
systems, 28 
Exhaust cabinets see Safety cabinets 
Exotic pathogens, diarrhoea, 81 
Experimental animals, management, 
865-88 1 
Expert systems, 27 
Explosion risk 
autoclaving bottles, 819, 821, 822 
ethylene oxide, 824 
potassium permanganate, 833 
sodium azide, 886 
Extended-spectrum [-lactamases, 169 
External auditory meatus, swabs, 60 
External quality assessment, 12, 13 
antibiotic sensitivity testing, 159 
Extinction coefficient, turbidity 
measurement, 848 
Exudates, tissue infections, 68 
Eye, 57, 61-62 
actinomycetes, 344 
helminths, 773 (Table) 
Loa loa, 767-768 
sample collection, virology, 665-667 
Toxocara, 767 | 
Eyeball, infections, 62 
Eyepieces, micrometry, 758 
Eysipeloid, 314 


F, immunogenic fraction, Yersima 
pestis, 481 
Facultative anaerobes, 120 
Faecal coliforms, drinking water, 883, 
886 
Faecal commensals, reporting, 70 
Faecal concentration kits, 769 
Faecal] pollution of water, 883 
Faecal streptococci, drinking water, 
884, 886-887, 889, 890 
Faecal swabs, 394 
Faeces, 61 
adenoviruses, 638 
Bacillus cereus, 324 
Campylobacter, 437 
Clostridium perfringens, quantitative 
counts, 537 
containers, 95 
Fnierococcus, 269 
Giardia lamblia, 728—729 
helminths, 757-758 
negative reports, 8 
poliomyelitis, 639 
protozoa, 740-743 
smear, 740-741, 751 (Fig.) 
Salmonella, 394-398 


Shigella, 410-411 
viruses, 644, 664 
culture, 683 
False positives, nucleic acid 
amplification techniques, 208 
F antigens see Fimbrial antigens 
Farcy buds, 419 
Farmer’s lung, 354 
Farm-yard smell, Clostridium difficile, 
540, 542 
Farrell’s medium, Brucella, 476 
Fasciola, 773 (Table), 774 (Table) 
eggs, 775 (Fig.) 
FP. hepatica, 762-763 
zinc sulphate flotation, 769 
Fasciolopsis, 773 (Table), 774 (Table) 
eges, 775. (Fig.) 
F. buski, 763 
Fastidious organisms, urinary tract 
infections, 84 
Fatty acids 
gas chromatography, 510 
Legionella pneumophila, 491 
Feeley Gorman agar, legionellaceae, 
489, 495-496 
Fentanyl-fluanisone, animal 
anaesthesia, 869 
mice, 879-880 
Fermentation, vs oxidation, 132 
Fermentation media, 133-137 
carbohydrate, 105-106 
Fermentation tests 
anaerobes, 509 
Salmonella, 133, 387-388 
Fermentative actinomycetes, 343 
distinguishing, 356-357 
Fetal calf serum 
cell cultures, 678 
Chiantrydia culture, 626 
Coxiella burnett isolation, 583 
Fetal skin tissue, cell cultures, 682 
Fetus, Listeria monocytogenes, 311 
Fibrin, adhesion to, 55 
Fibroblasts 
monolayers, 682 
-semi-continuous cell cultures, 675, 
676 
Fiducial limits, quantal assay, 
protective potency, 862 
Field inversion gel electrophoresis, 
Pseudomonas aeruginosa, 418 
Figs, fig wasps, 371 
Filarial worms, 767 
Fildes broth, 106, 462-463 
Fildes digest agar, 106, 462-463 
Haemophilus influenzae, 452 
sputum culture, 65 
Filing, reports, 8-9 
Films 
blood, 751 (Fig.) 
see also Blood films 
India ink, B. anthracts, 321 
methods, 793-795 
protozoa 
thick, 738 
thin, 737-738, 751. (Fig.) 
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Films (contd) 

see also Wet films 
Filter-Aid, 892, 914 
Filter-matrices, virology, 659 
Filter paper method, urine culture, 

88-89 

Filters 

sterilizing, 824-825 

stripping for reprobing, 221-222 


‘Filtration, membrane filtration. tests, 


drinking water, 887-888 
Filtration method, Campylobacter, 438 
Fimbrial antigens’ - 

Salmonella, 390, 391-392 

Shigella, 409 
Fimbrial haemagglutinin, tile test, 147 
Fingerprinting, Clostridium difficile, 541 
Firm agar, 105 
First-line tests, antibiotic sensitivity; 155 
Fish, Diphyllobothrium latum, 760 
Fish tank granuloma, 336 
FITC conjugates, immunostaining, 

784, 786 
5-fluorouracil resistance, oxidative 

actinomiycetes, 357 ~ 
Fixation 

thin blood films, 738 

tissues, 810-811 
Fixatives, immunofluorescence, 665 
Fixed-angle rotors, centrifuges, 846 
Fixed tissue 

DNA extraction, 211-212 

see also Paraffin-embedded tissue 
Flagella 

demonstration, 805-806 

loss, Salmonella, 390 
Flagellar antigens 

Lasteria, 310 

Salmonella, 389-390 
Flagellates, 722, 724-730 
Flagellation, incubation for, 181 
Flasks, cell cultures, 680 
Flavivirus, haemagglutination- 

inhibition tests, 201 (Table) 
Flemming’s fluid, 811 
Fletcher's agar, Leptospira, 560, 566 
Flocculation reaction see Precipitin 
reaction 

Fluconazole, 714 
Flucytosine, 714 
Fluid aspirates, 71 
Fluid cycle, multipurpose autoclave 

testing, 831 
Fluids in sealed containers, 

autoclaving, 819 
Flukes (trematodes), 761-764 
Fluorescein see Pyoverdin 
Fluorescein isothiocyanate, 782 

(Table) 

Ghiamydia, 626 
rickettsia, 578, 580 
Fluorescein isothiocyanate-coupled 
antiserum, cerebrospinal fluid, 

256 

Fluorescence 
anaerobic bacteria, 501 
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Clostridium difficile, 542 
legionellaceae, 489 
Legionella pneumophila, 491 
Fluorescence antibody absorbed test, 
syphilis, 552, 553-554 ~~~ ~~ 
Fluorescence antibody procedure, 
Actinomyces, 347-348 
Fluorescence antibody staining, Q 
fever, 581 
Fluorescence microscopes, 496 
Fluorescence tests, enterobacteriaceae 
identification, 380 - 
Fluorescent stains, Pneumocystis aries, 
736 
Fiuonbacter, 489 
Fluorite objectives, 781 
Fluorochrome-labelled antbody, .. 
clostridia identification, 529 . 
Fluorochrome precipitates, removal, 
immunofluorescence, 787 
Fluorochromes, 782 (Table) . 
conjugation of antibodies, 785-786 
Mycoplasma, 604, 606-609 
rickettsia, 578 
staining, acid-fast bacteria, 802-803 
Fluoro-immunoassay, antibiotics, 17] 
Fluoroquinolones, Neissena 
gonorrhoeae, 288 
Focal response, virus on cell cultures, 
686 
Fontana’s method, spirochaetes, 
809-810 
Food, 898-907 
Bacillus cereus, 324 
Campylobacier, 436 
Clostridium perfringens, 537-539 
Leptospira, 560 
Listeria monocytogenes, 311, 312-313 
liver, spurious fluke infections, 763 
Salmonella, 398 
Food-handlers, Salmonella, 398 
Food-poisoning 
Bacillus cereus, 323, 324 
bacteria, examination for, 904-907 
Clostridtum perfringens, 537-539 
cultures, B2 
goat’s milk, 896 
Salmonella, 393 
Staphylococcus aureus, 248 
Vibro parahaemolyticus, 428 
VTEC/EHEC, 366 
Yersinia enterocolitica, 484 
see also Gastroenteritis 
Foreskin, neonates, cell cultures, 682 
Formaldehyde, 51, 823 
removal from charcoal gelatin discs, 
509-510 
Formaldehyde gas 
Mycobacterium, 332 
see also Safety cabinets, disinfection 
Formal-ether sedimentation, 768-769 
Fonnalin 
fixation, immunofluorescence, 665 
tissue fixing, 810-811 
Formalin-killed yolk sac antigen, 
Legionella, 495, 497-498 


Formamide 
hybridization of nucleic acid probes 
to membrane-bound nucleic 
acids, 220 
Streptococcus, Lancefield 
classification, 272 
Formate lactose glutamate medium, 
911 
Formol crystal violet, viral plaque 
assays, 686 
Formol-ether method, concentration. of 
protozoan cysts in faeces, 743 
Form variation, Salmonella, 392 : 
Fort Chaffee, Ehrlichia chaffeensis, 575 
Fortner’s method, 345 
Forward chaining, task management, 27 
Fowl, 867 (Table) 
FPC faecal concentration kit, 769 
Fractional inhibitory concentration, 173 
index, 174-175. en ah 
Fractures, compound, infection, 68 
Francisella, 479 
F. tularensis, 479, 480 (T able), 
486-487 
laboratory-acquired infection, 39 


-Franéis inhibitor, removal! for HI tests, 


202 
Free coagulase, Staphylococcus aureus, 
245 
Free-living cycle, Strongyloides, 766 
Free steaming, 815 
multipurpose autoclaves, 822 
Freeze-drying « 
complement, 195 
hazards, 40 
in vacuo, 126-128, 127-128 
Freezers see Deep freeze refrigerators 
Freezing, 125 
. cell cultures, 682 
rickettsia specimens, 577-578 
virus specimens, 645 
Freshwater fish, Diphyllobothrium 
_ latum, 760 
Freund’s adjuvant, antiserum 
production from rabbits, 874, 
875 
Fried egg colonies 
Mycoplasma, 591, 592 
Streptobacillus momitformis, 461 
Frozen foods, 898-901 
Frozen sections 
DNA detection, 224-225 
virology, 656, 661 
Fuchsin-sulphite (Schiff), 806 
Fuchs—Rosenthal slide chamber, 78 
Fulminating meningococcal infection, 
72 
Fumigation, safety cabinets, 46, 828, 
$33 
Fungi, 695-717 
colonies, inoculating wires, 113 
culture media, 715-717 
cultures, 65-66 
endocarditis, 55 
infections, pus, 69 
meningitis, 77 
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Furunculosis Agar, 423 
Fusidic acid 
pH, 153 
preparations for sensitivity tests, 160 
(Table) 
Fusobactenum, 503, 504-505 
antibiotic resistance tests, 513 
(Table) 
F. necrophorum, 505 
rabbits, 502 
F. nucleatum, 505 
fluorescence, 501 
identification, 512 (Table), 513 
(Table) 
penicillin sensitivity, 502 
selective medium, 508 
species characters, 517 (Table) 


Gallinarum-Pullorum serovar, 
Salmonella, 385 
Gamma-glutamyl aminopeptidase 
activity, Neisseria meningitidis, 
285 
y-phage sensitivity, Bacillus, 326-327 
Gamma radiation, sterilization, 825 
Gamma toxin, Clostridium perfringens, 
524 
| Gap-fill ligase chain reaction, 234-235 
Gardnerella, 503 
us Actinomyces, 347 (Table) 
G. vaginahs, 75, 456-458, 460 (Table) 
Gas chromatography 
anaerobes, 501, 510 
Clostridium, 522 
C. difficile, 540 
(Gas gangrene 
| Glostridium perfringens toxins, 523 
(Table) 
laboratory diagnosis, 526-527 
Gaskit system, 119 


| . Gas-liquid chromatography, 


Acnnomyces, 347 
Csaspak system, 119 
Gas plasma sterilization, 824 
Gas sterilization, 813, 823-824 
Gastric antrum, mucosal biopsy, 
Hehcobacter pylori, 439-440 

Gastroententis, 80-83 

Vibrio, 428-429 

see also Food-poisoning 
Gastrospirillum hominis, 441 
GC agar, Haemophilus ducreyi, 456 
G+C content 

Borrelia, 563 

Mycoplasma, 59] 

primer sites for PCR, 228 
G+C ratio, 147 
Gelatin, 101 

agar, 138 

digestion, anaerobes, 509-510 

discs, drying bacteria, 126 

for HI tests, 203 

hydrolysis, actinomycetes, 356 

liquefaction, 138 

test for Serratia, 371 
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. Gelatin (food), 903-904 


Gelatinase tests, Legionella, 496 
Gelatin charcoal discs, 138-139 
GenBank, nucleic acid sequence 
database, 228 
Genital herpes, 73, 76 
Genital tract infections, 72—77 
Ghiamydia, 622 
CG. trrachomans, 595 
men, 76-77 
Mycoplasma, Ureaplasma, 600-601 
women, 73-76 
cultures, 75-76 
Genital ulceration, 73, 76 
Gsenomes 
Chlamydia, 621 
Mycoplasma, 591 
Genomic DNA extraction frorm 
bacteria, 214-215 
Genomic typing systerns, Pseudomanas 
aeruginosa, 418 
Gen-Probe Amplified Mycobacterium 
Assays, 235 
Gen-Probe Mycoplasma detection kit, 
609 
Gen-Probe PACE 2 assay, Neisseria 
gonorrhoeae, 290 
Gentamicin 
Gardnerella vaginalis isolation, 457 
large-plate bioassay, 171 
Listeria monocytogenes, 310 
preparations for sensitivity tests, 160 
(Table) 
Salmonella, 393 
standard solutions, 172 
Streptococcus, 267 
urine culture sensitivity, 90 
Genus-specific tests, Leptospira, 562 
Germ free animals, 868 
Germ tube test, 699-700 
Giant cells, measles, 639 
Giardia intestinalis, drinking water, 891 
Giardia lamblia, 728-729, 750 (Fig.) 
specimens, 745 (Table) 
trophozoites, cysts, 746 (T'able) 
Giemsa’s stain, 723, 808-809 
Chlamydia culture, 626 
muicrofilariae, 771-772 
Mycoplasma, 604, 610 
Pneumocystis carinu, 736 
rickettsia, 578 
viral plaque assays, 686 
Crigasept, 828 
Gimenez stain 
rickettsia, 578 
Rochalimaea, 586 
Gingivitis, Prevotella, 504. 
Glanders, equine, 419 
Glassware, 842-843 
cell cultures, 680 
cleaning, 97 
multipurpose autoclaves, 822 
Gluconate test, 136 
Glucose 
cerebrospinal fluid, 80 
Mycoplasma, 593 
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“Glucose agar, 106 


Glucose-ammonium minimal medium, 
prototrophic Salmonella, 385 
Glucose azide broth, 886, 912 
Glucose blood agar, 106 
Glucose broth, 106 
Glucose cystine solution, Francisella 
tularensis medium, 487 
Glucose fermentation, Aeromonas, 432 
Glucose-6-phosphate dehydrogenase 
isoenzymes, continuous cell 
lines, 676 
Glucose phosphate peptone water, 135 
DL-Glutamate, Pseudomonas pigment 
production, 423 
Glutaraldehyde, 50, 51, 827 
Pseudomonas aeruginosa, 415 
viruses, 647 
Glycerine, sedimentation of faeces for 
helminths, 769 
Glycerol saline transport medium, 110 
Giycocalyx, Szaphylococcus, 250 
Glycosides, 133 
GN broth, 411 
Gnotobiotic animals, 868 
Goat’s milk, 896 
Gonocheck II (Turmer), 283 
Gonococcal pharyngitis, 59 
Gonorrhoea 
female, 73 
Gram stain, 75 
laboratory diagnosis, 289-29] 
swabs for, 74 
Gonozyme test, 290 
‘Good’ buffers, 839 
Gordona bronchialis, 354 — 
Gowns, 43 
autoclaving, 822 
Graft-wersus-host reaction, 92 
Graham swab, 770 : 
Gram-negative rods, microscopy, 69 
Gram stain, 796-800 
blood cultures, 123 
cerebrospinal fluid, 79 
Streptococcus pneumoniae, 278 
genital infections, 74—75 
Haemophilus influenzae, 452 
Mycobacternum, 329 
Netsseria gonorrhoeae, 290 
Gram-Weigert stain 
Nocardia, 351 
Pneumocystis carinii, 66 
Granuloma inguinale, 76 
Granulomatosis infantisepticum, 311 
Granulomatous liver disease, chronic, 
Goxiella burnett, 574 (Table), 
580 
Granuloma venereum, 461 
Crraticules, micrometry, 758 
Gravis biotype, C. diphtheriae, 300 
Greaves’ centrifugal method, freeze- 
drying, 127-128 
Grey lung ‘virus’ of mice, 591 
Griffith’s serotypes, Streptococcus, 266 
Griffiths tubes, Mycobacteriuen, safety, 
331 
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Griseofulvin, 714 
onychomycosis, 709 
Grocott methenamine silver nitrate 
stain, Pneumocystis carinu, 66 
‘Grouping, laboratory animals, 868 
Group-specific carbohydrate, 
Streptococcus, 265 
Growth, measurement, 848, 850-851 
Growth factors, Mycoplasma, 602 
Growth index, Bactec radiometric . 
respirometry, 334 , 
Guanidine isothiocyanate. 
nucleic acid extraction, 213, 214 
preparation of solution, 239 
Guidelines 
booklets, 5 
see also Laboratory manuals 
in electronic form, 23 
Guinea-pigs, 867 (Table), 875-877 
Bacillus anthracis diagnosis, 322, 323 
Brucella, 476 
Glostridium novyi, 524 
Clostridium perfringens, 524 
complement from, 193 
contro! antisera, rickettsia, 579 
Corynebacterium diphthenae 
toxigenicity, 301 
Coxiella burneni, 583 
Legionella pneumophila, 492, 494 
Leptosinra, 567 
Mycobacterium, 330 
Pseudomonas, 419 
Spirillum minus, 565 
Yersinia pestis, 482 
Gynaecophoric canal, Schistosoma, 762 


HACEK group, oral bacteria, 293-294 
Haemadsorption, Mycoplasma, 604 

M. pneumoniae detection, 598 
Haemagglutination inhibition tests, 

200-203, 201 (Table) 

influenza, 638 
Haemagglutination tests, 200-203 

El Tor biotype, V. cholerae, 444 

Haemophilus, 465 

Leptospira, 562 

Neisseria meningitidis, 287 
Haemagglutinins, tests, 147 
Haematology, 93 

immunodeficiency, 92 

pyrexia of unknown origin, 91 
Haematoxylin stain, microfilariae, 772 
Haemin, anaerobic bacteria, 507 
Haemocytometer (Neubauer), 758 

cell culture counting, 681 
Haemoglobin solution, preparation, 565 
Haemolysins 

Bacillus cereus, 323 

Staphylococcus, 258 

Streptococcus, 265 

see also Anti-sheep red cell serum 
Haemolysis 

Mycoplasma, 604 

Streptococcus 

classification, 263 
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S. agalacnae, 267 
Haemolysis tests, Leptospira, 562 
Haemolytic immune body see Anti- 
sheep red cell serum 
Haemolytic uraemic syndrome, 366 
Haemophilus, 449-456, 460 (Table) 
Fildes medium, 106 
vs Gardnerella vaginalis, 457 
H. aegyptius, 61, 454-455 
us H. influenzae, 449 
H. aphrophilus, 455 
us H. influenzae, 449 
H. ducreyi, 455-456 
H. haemolyticus, 266, 455 
vs H, influenzae, 449 
H. influenzae, 449-454 
control strains, 154 (Table) 
laboratory diagnosis, 452-454 
otitis media, 60 
pneumonia, 62 
throat infections, 58 
H. parahaemolyncus, 455 
H. parainfluenzae, 455 
us H. influenzae, sucrose, 453 
H. paraphrophilus, 455 
H. segnis, 455 
species characters, 450 (Table) 
Haemophilus differential selective 
medium (Roberts), 453, 463 
Haemorrhagic colitis, 366 
Hajfma, 370-371 
H.alvet - 
biochemistry, 363 (Table) 
wos Koserella trabulsu, 374 
us Shigella, 411 
Hair specimens, mycology, 696-697, 
707 
Halophilic bacteria see Sodium 
chloride 
Hamburgers, VTEC/EHEC, 366 
Hamsters, 867 (Table) 
Clostridium difficile, 541 
Coxiella burneti, 583 
Leishmania, 725 
Leptospira, 567 
Hand, foot and mouth disease, 
enteroviruses, 653 (Table) 
Handling laboratory animals, 868 
guinea-pigs, 875 
mice, 877 
rabbits, 872 
rats, 880 
Hands, washing, 39, 828-829 
Hanging drop preparations, ]46—-147 
Hanks’ balanced salt solution, cell 
cultures, 677, 690 
Hansen’s disease, 337 
Hantaan virus, 653 (Table) 
Hantaviruses, laboratory-acquired 
infection, 39 
H antigens 
agglutination, 182 
. Escherichia coh, 364 
flagellar, Listerra, 310 
Salmonella, 389-390 
H antisera, Salmonella, 402 


Hardware (term), 19 
Hartley’s digest broth, 104-105 
Hazard groups, 41 

Coxiella burneni, 583 

Mycobacterium, 331 

rickettsia, 577 

see also Containment levels 
Hazardous procedures, 40 
HD50, complement fixation tests, 198 
Health and-Safety at Work Act (1974), 

37, 40 
Health Building Note (Pathology 

Department) No. 15 (1991), 46 sy 
Health Evaluation Logical Processing & 

system, 29 7 | 
Heart, blood collection 

mice, 879 
rats, 881 
Heated blood agar, 106 
selective for Netsseria, 294-295 
sputum culture, 65 
Heated lids, thermal cyclers, 227 — 
Heating 
Clostndtum botulinum, toxin 
detection, 544 | 
faeces, Clostridium perfringens, 537, 538 
O antigens, Salmonella, 389 
vegetative forms, removal, 120-121 
Heat-killed Legionella pneumophila, 

indirect fluorescence antibody 

test, 498 
Heat-labile complement components, 

192-193 
Heat-labile enterotoxin, Escherichia | 

coh, 365, 366 
Heat penetration time, autoclaves, 

816-817 
Heat resistance, Clostridium perfringens, 

523 
Heat-shock proteins, 624 
Heat-stable DNA polymerase, 227 
Heat-stable enterotoxin, Escherichia 

coli, 365, 366 
Heat-stable nuclease test, 

Staphylococcus, 256  & 
Hébert, G.A., hippurate hydrolysis, 

Legionella, 496 
HeLa cell adhesion, enteropathogenic 

E. colt, 367 
HeLa cell culrures, 676 
HeLa 229 cells, Mycoplasma 

pneumoniae detection, 598 
Helicobacter, 439-441 

H. cinaedi, 440 (Table), 441 

H. fennelliae, 440 (Table), 441 

H. pylori, 439-441  — 

species characters, 440 (Table) 
Helminths, 757-778 

laboratory diagnosis, 757-761 

sites to investigate, 773 (Table) 
Hen’s eggs, embryonated, Legionella 

pneumophila, 492, 494 
HEPA filters (high-efficiency particle 

arresters), 43, 825 
Heparin manganous chloride, inhibitor 

removal for HI tests, 203 .. 
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Hepatic abscesses, 67 
Hepatitis, 84 
Jaboratory-acquired, 37, 38 
Hepatitis A virus, infection, 638, 652 
(Table) 
Hepatitis B surface antigen, 640, 641 
radioimmunoassay, 183 
Hepatitis B virus, 640-641, 651 
(Table) 
EIA commercial kits, 658 
liver biopsy, 667 
nucleic acid techniques, 208 
DNA detection, 237-239 
pasteurization, 814 
specimen safety, 647 
staff immunization, 47 
vascular disease, 56 
washer disinfectors, 815 
Hepatitis C virus 
infection, 641 
multilayer method, immunostaining, 
784 
polymerase chain reaction, 663 
RNA, 235 . 


reverse transcriptase-polymerase 


chain reaction, 239-240 
HEp? cell adhesion, enteropathogenic 
E. coli, 367 
HEp2 cell cultures, 676 
HEPES saline, for HI] tests, 203 
HEPES zwitterionic buffer, cell 
cultures, 677-678 
continuous, 676 
Herellea, see Acinetobacter 
Herpes simplex virus, 67, 641-642, 
651 (Table) 
brain biopsy, 661 
EIA commercial kits, 658 
encephalitis, polymerase chain 
reaction, 663 
eye infections, 61—62 
genital, 73, 76 
immunofluorescence, 659 
Herpes zoster, 643 
eye infections, 61, 62 
Herpetic whitlows, 67 
specimen collection, 664 
Heterophyes, 762, 773 (Table), 774 
(Table) 
H. heterophyes, 763-764 
Heteroxenous transmission, Sarcocysits, 
732 
Hexacanth embryos, Jaenia saginata, 
760 
High-efficiency particle arresters 
(HEPA filters), 43, 825 
High molecular weight genomic DNA 
extraction from bacteria, 
214-215 
High power field area, 87 
High-security autoclaves, 823 
High-temperature commencement, 
PCR microbial detection, 230 
High-vacuum grease, 127 
High vaginal swabs, 74, 96 
mycology, 698 


Hippurate hydrolysis 
Campylobacter, 445 
Legionella, 496 
Streptococcus, group B, 271 
Hip replacement, infection, 68 
Hiss’s serum peptone water medium, 
Corynebactertum, 300 


‘Hiss’s serum sugar media, 306 


Hiss’s serum water, 135 
Histo-Clear, xylene substitute, 795 
Histograms, 854 
Histology, virology, 656, 661 
Histone antibodies, DNA work, 241 
HIV, 92, 642, 652 (Table) 
alcohols dangerously ineffective, 
827-828 
laboratory-acquired infection, 38 
Mycoplasma penetrans, 595 
pasteurization, 814 
proviral DNA detection, 663 
specimen safety, 647 
and syphilis, 551, 554 
washer disinfectors, 815 
HIV antigen, commercial sources, 659 
HL cells, Chlamydia culture, 626 
Hoechst 33258 stain, 609 
Hoffmann-La Roche 
PCR licensing, 663-664 
Septicheck blood culture system, 
123 
Holbrook & Anderson stain, Bactilus 
cereus, 906 
Hold times, autoclaves, 816 
Hollow ground slides, 146 
Hollow viscus protozoa, 723, 740-745 
Home Office Inspectorate, Animals 
Act, 866 
Homogenization 
isolation of Mycobactenum, 333, 338 
sputum, 64-65 
viscous samples, 665 
Homosexually-acquired infection, 
Neisseria gonorrhoeae, 289, 290 
Homosexual! men, Mycoplasma 
penetrans, 595 
Homoxenous transmission, Sarcocysts, 
732 
Hooded Bunsen burners, 113 
Hoods see Safety cabinets 
Hookworms, 766 
eggs, 766, 775 (Fig.) 
larvae, 776 (Fig.) 
Horizontal swing-out rotors, 
centrifuges, 846 
Horse blood, lysed, 153 
Horse flesh, 104 
Horse flesh digest broth, 105 
Horseradish peroxidase 
for antigen-capture EIA, 658 
enzyme immunoassay, 187 
Horses, Pseudomonas, 419 
Horse serum 
cell cultures, 678 
Mycoplasma, 601 
Hospital computer systems, 31-33 
Host response, Chlamydia, 623-624 


Hot air sterilizers, 814, 829 

testing, 817 (Table) 

Hot-cold lysins, 524 

Hot-start procedure, PCR microbial 
detection, 229, 230 

Hoyle’s medium, 305-306 

C. diphtheriae, 303 

H phase, changing, Craigie tube 
method, Salmonella, 402 

HSAG diluent, for H1 tests, 203 

Hugh & Leifson, modified O/F test, 
253-254 

Human blood, precautions, 103 

Humane experimentation on animals, 
866 

Humane killing, 866, 870 

Animals Act, 865 

Human embryonic lung cells, 676 

Human papillomavirus, 73, 651 (Table) 

Human parvovirus, infections, 651 
(Table) 

Human serum, cel! cultures, 678 

Hurnidity 

Bordetella pertussis culture, 469 
Leptospira culture, 560 

Hungate procedure, 119 

Hyaluronidase, 265 

Hybridization of nucleic acid probes to 
membrane-bound nucleic acids, 
220-221 

Hybridomas, mice, for Leptospira 
diagnosis, 562 

Hycolin, Mycobacterium, 332 

Hydatid disease, 761 

Hydrochloric acid, Streptococcus, 
Lancefield classification, 272 

Hydrogen, anaerobic cultures, 117, 
118-119 

Hydrogen electrode, standard, 840 
(Table) 

Hydrogen peroxide 

catalase test, 140 
gas plasma sterilization, 824 

Hydrogen sulphide producing 
enterobacteriaceae, 363 

Hydrogen sulphide production 

Brucella, 477 

Salmonella, 386 

test, 139 

triple sugar iron agar, 144 

N-2-Hydroxyethylpiperazine-N -3- 
ethanesulphonic acid, 676 

p-Hydroxyphenylacetic acid, for 
Clostridium difficile, 542 

Hymenolepsis, 773 (Table), 774 (Table) 

eggs, 775 (Fig.) 
H--nana, 761, 776 (Fig: 

Hyne’s modification, deoxycholate- 
citrate agar (Leifson), 
Salmonella, 399 

Hyperimmune antisera, preparation, 784 

Hyperinfective syndrome, Strongyloides, 
770 

Hypersensitivity response 

Chlamydia, 623-624 
see also Pseudo reaction 
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Hypersusceptibility, Pseudomonas 
aeruginosa, 417 
Hypertonic salts, serum preservation, 
MP5s, Ve a we se cent 
Hypochlorite solutions, 49, 5], 827 
viruses, 647 
Hypodermic needle sizes, 870 (Table) 


IATA regulations, 645 
| IBM PCs, 21 
| Ice cream, 897-898 
Iced lollipops, 901 
Identification of patients, 5 
films, 794 
Identification tests 
antibiotic sensitivity, 159 
bacteria, 131-149 
sputum culture, 65 
| IgG fraction, conjugation of antibodies 
for immunofluorescence, 
785-786 
IgM-FTA-ABS test, syphilis, 555, 556 
IgM-IFA test, Toxoplasma, 733 
Jmipénem 
culture media, 160 
preparations for sensitivity tests, 160 
(Table) 
Imipenenycilastatin, Pseudomonas 
deruginosa, 415-416 
Immersion oil, 794-795 
Immune body see Anti-sheep red cell 
serum 
Immune response, hepatitis B, 641 
Immunity, Chlamydia, 623 
Immunization 
rubella, 640 
staff, 11, 47 
Q fever, 577 
Immunizing doses, vaccines, 
measurement, 862 
Immunoblot technique 
Nocardta, 352 
see also Dot blot techniques; Slot 
blot techniques 
{mmunocompromised patients 
infections, 91-93, 275 
see also Immunosuppression 
Immunodeficiency 
| Mycoplasma, 71 
see also IMmunosuppression 
Immunodiffusion toxigenicity test, in- 
vitro, C. diphtheriae, 301, 307 
Immunoelectron microscopy, 790-791 
Immunofiltration, 660-661 
virology, 656 ~~ 
Immunofluorescence, 183, 668-669 
Actinomyces, 348 
Chlamydia, 626-627 
cover-slips, 630 
Haemophilus influenzae, 452 
Mycoplasma, 605-606 
JM. pneurmomae, 599 
Pneumocystis carinii, 736 
respiratory syncytial virus, 659, 671 
(Fig.) 
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rickettsia, 578, 579 
Rochalimaea, 586 
viral plaque assays, 686-687 
virology, 656, 659-660, 662-663 _ - 
see also Direct immunofluorescence 
Immunofluorescence microscopy, 
782-789 
Immunoglobulin fraction, enzyme 
immunoassay, 184-185 
Immunoglobulins 
Chlamydia, 628-629 
Mycoplasma pneumoniae, 596-597, 
600, 613-615 
protozoa, 723 
viruses, 638, 656-657 
Immunology | 
investigations, 93 
protozoa, 723 
textbooks, 179 
Immunomagnetic bead procedure, 
VTEC, 366 
Immunoperoxidase assays, 782. 
Immunoperoxidase staining 
co-localization of antigens and 
nucleic acids, 788-789 
viral plaque assays, 686-687 
Immunosorbent agglutination test, 
Toxoplasma, 733 
Immunostaining methods, 782-784 
Immunosuppression 
Rochaltmaea, 576 
see also Immunocompromised 
patients; Immunodeficiency 
Implants, infection, 92 
Implementation, computer systems, 
32-33 
Impression preparations, Mycoplasma, 
807 
Impression smears, jejunal biopsy, 743 
Inaba serotype, V. cholerae, 427 
Inactivation, disinfectants, 826 
Inbred animals, 867 
Incineration, 49, 128 
Inclusion conjunctivitis, 61, 621, 622 
Incubation 
antibiotic assay, 172 
antibiotic sensitivity testing, 157, 16] 
dermatophytes, 709 
for flagellation, 181 
temperatures, 15, 116, 120 
yeasts, 699 
Incubators 
cell cultures, 679, 680 
viruses, 649 
India ink, 805 
film, B. anthracis, 321 
injection method, Taenia, 771 
methods for capsules, 804-805 
Indicator antibodies, indiréct-enzyme 
immunoassay, 185 
Indicator dyes, 836 
carbohydrate metabolism tests, 
133-134 
Indicator media, 100, 120 
Indicator organisms, faecal! pollution of 
_ water, 883-891 


Indicator papers, 836 
Indicator systems, for quantification, 
853-854 
Indifference, antibiotics, 175 - .—. - 
Indirect enzyme immunoassay, 184, 
185, 189-190 
Indirect fluorescence antibody test, 
Legionella, 493, 494, 497-498 
Indirect haemagglutination for 
-M. pneumoniae-specific IgM, 
* 614-615 — 
Indirect immunofluorescence, 
668-669, 782, 784 
Toxoplasma, 733 
virology, 659 
Indole production 
anaerobes, 509 , : 
enterobacteriaceae identification, 379 | 
Haemophilus influenzae, 451 (Table) 
Shigella, 406 
Indole test, 159 
tryptone water, 912 
Indoxyl acetate, hydrolysis of, 
Campylobacter, 435, 445-446 
Induced trees, expert systems, 27 
Industrial methylated spirit, 795 
Infant botulism, 543 
Infantile gastroenteritis, 82 
Infections 
causing immunosuppression, 92 | 
control, 3 
see also Community-acquired 
infections; Laboratory-acquired 
infections; Nosocomial 
infections 7 
Infectious mononucleosis, ampicillin 
rashes, 72 
infective endocarditis, 55—56 
Infective myopericarditis, 56 
Infective stages, helminths, 773 (Table) | 
Infective syndromes, laboratory 
diagnosis, 53--94 
Influenza, 637-638, 652 (Table) 
Influenza viruses, haemagglutination- 
inhibition tests, 201-203  & 
Information technology, 17—35 
Ingestion, laboratory-acquired 
infection, 39 
Inhalation, laboratory-acquired 
infection, 39—40 
Inhibition tests, 144 
Inhibition zones, diffusion testing, 152 
Injections, laboratory animals, 869-870 
guinea-pigs, 875 
mice, 877-878 
infant, 878 
rabbits, 873 
rats, 880 
In-line filters, 825 
Inoculating wires, 113 
aerosols from, 40 
urine culture, 88 
see also Loops 
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_ Inoculation (seeding), 114-116 


antibiotic sensitivity testing, 153, 160 
Campylobacter, preparation for, 445 
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Inoculation (seeding) (contd) 
dermatophytes, 709 
fermentation media, 135 
laboratory-acquired infection, 39 
Salmonella, 395 
virus cultures, 684-685 
In-situ cytohybridization, dot blot 
techniques, 210 
In-situ hybridization, nucleic acid 
sequences, 224-225 
virology, 661-662 
Integrated Diagnostics, Coxtella burner 
plasmid typing, 585 
‘Intel processors, 20 
Intensive care, immunocompromise, 91 
Intensive care units, neonatal, 
staphylococcal infections, 251 
Interactions, antibiotics, testing, 
173-175 
Inter-complementarity, primer 
sequences for PCR, 228--229 
Intermediate sensitivity (term), 151, 
158 
Intermedius biotype, C. diphtheriae, 300 
Internal audit, 13 
Internal computer results checking, 
26-28 
Internal ‘quality assessment, 12-13 
antibiotic sensitivity testing, 159 
International Air Transport 
Association regulations, 645 
International Basic Set, Staphylococcus 
aureus phages, 248 
Internationa! Collaboration Study, 
diffusion testing, 152 
International committees of 
nomenclature, 8 
International Standards, bioassays, 854 
International Union against 
Tuberculosis medium, 339 
Intestinal spirochaetes, 549 
Intracellular lipid, staining, 806 
Intracerebral injections, mice, 878 
Intracranial pressure, increased, 77 
Intradermal injections, guinea-pigs, 
875-876 
Intramuscular injections 
guinea-pigs, 876 
rabbits, 873 
rats, 880 
Intranasal instillation, mice, 878 
Intraperitoneal injections 
guinea-pigs, 876 
mice, 878 
rabbits, 873 
rats, 880 
intra-uterine contraceptive devices, 
actinomycetes, 344, 346 
Intra-uterine infection, Listeria 
monocytogenes, 311 
Intravenous drug abuse, endocarditis, 
55 
Intravenous injections 
mice, 877-878 
rabbits,.873 
rats, 880 


In-use test, disinfectants, 832-833 
Invasive aspergillosis, 711 
Invasive investigations, infection, 92 
In-vitro immunodiffusion toxigenicity 
test, C. diphtheriae, 301, 307 
In-vitro McFadyean test, B. anthracts, 
318-319, 325 
In-vivo assays, 859-861 
lodamoeba biitschiti, 750 (Fig.)_ 
microscopical features, 747 (Table) 
lodine-125, 192 
Iodine, hazard, 798 
Iodine detergent, hand washing, 829 
Iodine reagent, for f-lactamase 
production tests, 167 
Iodine solution 
for Gram stain, 797 
for tetrathionate broth, 40] 
Iodine staming, CAhlamrydia culture, 626 
lodometric method, f-lactamase 
production tests, 167 
lon-exchange chromatography, for 
superconjugation, 
immunofluorescence, 787 


Ton-exchange resins, 840 


Ionizing Radiation Regulations (1985), 
ST 
Ionizing radiation, sterilization, 825 
Irgasan, 417, 422 
Iridescence, Pseudomonas aeruginosa 
colonies, 415 
Iritis, 62 
Iron, Legionella oakridgensis, 492 
Iron citrate brilliant green mixture, for 
BBS agar, 399 
Iron-haematoxylin stain, faeca) smears, 
740-741 
Irritant reagents, safety precautions, 793 
Islam’s medium, Streptococcus 
agalactiae, 267 
Isolation, pure cultures, 120-121 
Isolation methods 
Mycobactertum, 333 
policy, 7 
Isoprenoid quinones, Legionella 
pneumophila, 491 
Isopropyl! alcohol, 49, 50 
Isopycnic gradient centrifugation, 848 
Iso-Sensitest agar, 153 
methicillin resistamce testing, 253 
Isospora, 732 
I. bel, 750 (Fig.) 
coccidial oocysts, 747 (Table) 
specimens, 745 (Table) 
Isoronic Trichomonas medium, 729, 
744-745 
Itraconazole, 714 
Ixodes 
Babesia, 735 
I. ricinus, 563 
Lyme disease, 564 


Jacuzzi rash, Pseudornonas aeruginosa, 
414 
Japanese agar, 105, 145 
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Jarisch-Herxheimer reaction, 560 
Jeyunal biopsy 
Enterocytozoon bieneust, 735 
impression smears, 743 
Jembec transport system, Netsseria 
gonorrhoeae, 290 
Jensen's Gram method, 799 
Johne's disease, 336 
Joint infections, Haemophilus 
influenzae, 451 (Table) 
Kanagawa test, Vibrio parahaemolyticus, 
428 
K. antigens 
C, diphthenae, 300 
Escherichia coli, 364 
Salmonella, 390 
Shigella, 408 
Kaolin, inhibitor removal for HI tests, 
202-203 
Kaposi’s sarcoma, 56 
Mycoplasma penetrans, 595 
Kauffmann-—Miller tetrathionate broth 
with brilliant green, 387 
Kauffmann—White classification, 
Salmonella, 389, 390-392 
Kawasaki disease, 56 
Kelly grouping, Vibrio, 426 (Fig.) 
Kelsey-Sykes capacity test, 
disinfectants, 832 
Keratitis, 61-62 
Ketoconazole, 714 
2 Keto-gluconate, 136 
Keyboarding, 23 
Kidney tissue, virology, 668 
Kilian, porphyrin synthesis test, 
Haemophilus influenzae, 453, 
463-464 
Kulopascals, 830 
Kangella, 293-294 
King’s Medium B, 422 
Kinyoun acid-fast stain, Nocardia, 351 
Kinyoun’s modification, Ziehl—Neelsen 
stain, 333 
Kirby—Bauer method, disc diffusion 
testing, 152 
Kirchner medium, 340 
Klebsiella, 368-370 
biochemistry, 363 (Table) 
on CLED medium, 380 
K. aerogenes, 369 
Shigella, shared antigens, 409 
K. atlantae, 369 
K. edwards, 369 
for antibiotic assay, 173 
K. oxytoca, 362, 369 
K. planticola, 369 
K. pneumoniae 
identification, 379 
subspecies, 368-369 
K. terrigena, 369 
Fluyvera, 374 
Kniseley’s medium, Yerstnia pestis, 482 
Knisely’s PLET medium, B. anthracis, 
323, 325-326 
Knott's method, blood filtration for 
microfilariae, 772 
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Koch-Weeks bacillus see Haemophilus, 
AA. aegyptius 
Kopeloff & Beerman 
(ram stain for films, 798 
iodine, 7/97 
sections, 798-799 
stain, 797 
Korner Dataset, computer system 
requirements, 30 
Korthof’s medium, modified, 565-570 
Koserella, 374 
Koser’s medium (modified), 137 
Kovacs reagent, 139 
porphyrin synthesis test, 464 
K types, Klebsiella, 369-370 — 


Labelling 
cultures, 114 
reports, 8 
specimens, 646 
danger warnings, 48 
see also Marking 
|Laboratones 
management, 5-16, 647 
policy 
diphtheria testing, 302 
infective syndromes, 54 
safety, 37-52 
virology, 645-650 
work sections, 6-7 
Laboratory-acquired infections, 37—40 
Leptospira, penicillin, 559 
Mycobacterium, 331 
Pseudomonas, 418-419 
Laboratory manuals, 9-10, 49, 650 
disposal of cultures, 128 
Laboratory strains, experimental 
animals, 867 
Labyrinthine pore membranes, 825 
Lactate, conversion to propionate, gas 
chromatography, 510 
Lactobacillus 
vs Actinomyces, 347 (Table) 
idenufication, £13 (Table) 
morphotype, vagina, 458 
Lactophenol cotton blue, 714-715 
dermatophytes, 710 
Lactose, MacConkey agar, 108 
Lactose fermentation 
enterobacteriaceae, 362, 378-379 
Staphylococcus aureus, 246 
Lactose-fermenting bactena 
brilliant green MacConkey agar, 386 
Salmonella, 395 
Lactose peptone water with phenol 
red, 912 
Lamb dysentery, Clostridtum perfringens 
toxins, 523 (Table) 
Lancefield classification, Streptococcus, 
263, 265 
tests for, 266, 272 
Lancets, blood samples, 738 
Landlines, computer communications, 
19 
Large-plate bioassay, 170-173 
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Large-plate diffusion assay, 171-173 
Larvae , 
Dracunculus medinensis, 763 
helminths, 776 (Fig.) _ - 
Strongyloides, 766 
Trichinella spiralis, 766-767 
Laryngeal stridor, 58 
Laryngeal swabs, 96 
Latent heat, steam condensation, 817 
Latent viruses, 641—642 
culture, 676-677 
Latex agglutination (tests) 
Gryptococcus, 703 
vs EIA kits, 183 
Haemophilus influenzae, 452 
Neisseria meningitidis, 296 
Streptococcus pneurnoniae, 277, 278, 
280-281. : 
Latex slide agglutination tests, 
Salmonella, 395 
Lauryl tryptone mannitol broth with 
tryptophan, 888 
Lauryl tryptose broth 
double strength, 910-911 
_ water testing, 885 
‘Lawns’, 115 
LD50, 860-861 
L-drying, 126 
League tables, antibiotic sensitivity, 
29 
Leakages, specimens, 48-49 
viruses, 645, 646-647 
Lecithinase-negative clostridia, 533 
_ (Table), 534 (Table), 535 
(Table) 
Lecithinase-positive clostridia, 532 
(Table) 
Lecithinase production, clostridia, 
531-532 
Lecithinase test, 142-143 
Leclercia adecarboxylata, 374-375 
Legal requirements 
dairy products, 892 
experimental animals, 865-866 
Health and Safety at Work Act 
(1974), 37, 40 
see also Standards 
Legionella 
L. pneumophila, 62, 489-492 
laboratory diagnosis, 492-495 
nucleic acid extraction from 
cultures, 214 
other species, 492 
and rickettsiaceac, 573 
Legionellaceae, 489-199 
enrichment broth, 496 
Legislation, safety, 37 
Leifson’s deoxycholate-citrate agar, 
Salmonella, 386, 399 
Leishman—Donovan bodies, 724 
Leishmania, 724-725, 749 (Fig.) 
diphasic media, 739-740 
L. brazihensis, 724 
L. donovani, 724 
L. mexicana, 724 
L. tropica, 724 
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Leishmanin test see Delayed 
hypersensitivity skin test, 
Leishmania 
Leishman’s stain, 808 
Leminorella, 374 (Table), 375 
Lemming fever, 486 
Length, units, 853 
Leprosy, 337 
Leptospira, 559-562 
identification, 568 
L. btflexa, 559 
L. witerrogans, 559 
serovars, 560, 561 (Table) 4 
laboratory diagnosis, 561-562 = 
liver function tests, 84 
meningitis, 77, 80 
modified Korthof’s medium, 565-570 
solid medium for, 566 
Leptotnchia 
identification, 513 (Table) 
L. bucealis, 505,517 (Table) 
antibiotic resistance tests, 513 
(Table) 
Lethal dose, 50%, 860-861 


~ Leucocytes 


cerebrospinal fluid, 78-79 
peritoneal dialysis fluid, 71 
unne, 86-87 
Levaditi & Fontana, silver 
impregnation, Leptospira, 560 
Levaditi’s method, spirochaetes in 
tissues, 810 
Levinthal’s agar, 463 
Haemophilus influenzae, 452 
L-form variants, Streptobacillus 
moniliformis, 461 


. Lf units, precipitin reaction, 857-858 


Lice, Borrelia diagnosis, 564 
Licences | 
Animals Act, 865 
polymerase chain reaction, 663-664 
Lifespans, computer systems, 31 
Ligase chain reaction, 233-235, 24] 
Light-microscopy see Microscopy € 
Lilleyman, on audit, 13 io 
Linearization, plasmids, 218-219 
Lior method, Campylobacter 
serotyping, 437 
Lipase production 
anacrobes, 511 
egg-yolk agar, 143 
Nagler’s reaction, 53) 
Lipid granules 
Bacillus, 317, 319 
staining, 806 
Lipid metabolism test, 140 
Lipid/spore stain, 806 
Lipoprotein serotypes, Netssena 
meningitidis, 286 
Liquid media, 97 
inoculation, 115 
Mycoplasma, 611 
stenlization, 99 
Liquid nitrogen, 125 
liver biopsy freezing, 667 
rickettsia, 578 
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Liquid paraffin, 125 
Liquoid broth, 109 
anacrobic cocci, 507 
Listeria, 309-315 
ws Actinomyces, 347 (Table) 
L. twanovti, 309 
vs L. monocytogenes, 312 
L. monocytogenes, 309-313 
food resting, 907 
L. seeligen, us L. monocytogenes, 312 
species characters, 310 (Table) 
staft pregnancy, 47 
Listeriolysin-O, 309 
Litmus, 836 (Table) 
Litmus milk, 143-144 
Litmus milk medium, Clostridium 
perfringens, 522, 523 
counting in drinking water, 887 
Litmus solution, recipe, 144 
Liver 
biopsy, virology, 667 
chronic granulomatous disease, 
Coxtella burnetii, 574 €Table), 
helminths, 773 (Table) 
infections, 84 
Liver (dietary), spurious fluke 
infections, 763 
LLC-ME2 cells, 676 
trypsinization, 684-686 
Loa, 773 (Table), 774 (Table) 
L. loa, 767-768 
Giemsa’s stain, 772 
microfilariae, 777 (Fig.) 
Lobopodia, Entamoeba histolytica, 731 
Lockjaw, 527 
Loeffler’s medium, 100 
C. diphtheriae, 299, 303 
Moraxella, 292 
slopes, 305 
Loeffler’s methylene blue, 796 
Log books, training, 11, 48 
LOGIC scheme, enterobacteriaceae 
identification, 377-378 
Log norma! distributions, 854-855 
Lone Star tick, 576 
Look up facilities, computer data, 23 
Loops, 113 
urine culture, 88 
see also Inoculating wires 
Louse see Lice 
Louse-borne relapsing fever, 562 
Lowbury & Lilly’s medium, 531-532 
Lowenstein—Jensen medium, 333 
Low-temperature steam disinfection, 
823 
Low-temperature steam formaldehyde 
sterilization, 823, 831 
L-phase bacteria, vs Mycoplasma, 592, 
603 
Lugol’s todine, 797 
Lumpy jaw, 344 
Lungs 
abscesses, sputum culture, 65 
biopsy, Pneumocystis carinti, 66, 736 
nelminths, 773 (Table) 
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Paragonimus westermanu, 764 
Lyme disease, 563, 564 
antibiotics, 563 
laboratory diagnosis, 564 
Lymphadenits, streptococcal, 67 
Lymphatics, helminths, 773 (Table) 
Lymph node aspirates, protozoa, 737 
Lymph node biopsy, virology, 667-668 
Lymphoblastoid cells, Epstein-Barr — 
virus antibody tests, 689 
Lymphocytes, CSF, 77 
Lymphocytic choriomeningits, hazard, 
40 
Lymphocytosis, Epstein-Barr virus 
infection, 59 
Lymphogranuloma venereum, 76, 
622-623 
serology, 629 
Lyophilization see Freeze-drying, in 
vacuo 
Lysed blood agar, 106 
Lysed horse blood, 153 
Lysine, detection in actinomycetes, 355 


- -Lysine reaction, 139-140 


Lysogenic conversion, Salmonella, 392 
Lysol, 573, 827 
Lysostaphin, 215, 245 

sensitivity, Staphylococcus, 254 
Lysozyme dilution, eggs (food), 903 
Lysozyme stock solution, 215 


Macchiavello stain, rickettsia, 578 
MacConkey agar 
cultures, tissue infections, 69 
dehydrated, 103 
enterobacteriaceae, 376 
recipe, 108 
Shigella, 405 
Streptococcus, group B, 267 
urine, 88 
MacConkey bile salt medium, 
Streptococcus, 266 
MacConkey broth 
bromocresol purple, drinking water 
testing, 885 
double strength, single strength, 910 
MacConkey lactose bile-salt agar 
Enterococcus, 269 
Salmonella, 385 
Macroconidia, dermatophytes, 703° 
Macrogametes, sporozoa, 732 
Macrophages, defective, 92 
MacVector (IBJ), nucleic acid 
sequence database access, 228 
Madura foot, 349 
Mapnesium 
on aminoglycoside effects, 153 
PCR microbial detection assay 
optimization, 229-230 
Magnesium carbonate, formalin 
storage, 811 
Magnetic collection, paramagnetic 
DNA-binding beads, 241 
Magnetic data storage, 19 
Magnifiers, binocular, 120 


Main laboratory computer systems, 
21-22 

Mains services, 646 

Mair’s medium, Brucella, 476 

Major outer membrane protein, 

Chlamydia, 621, 626-627 

Malachite green 
Baeillus, 317 
for spores, 804 
Ziehl—Neelsen counterstain, 

338-339, 801 

Malaria, 733-734 
laboratory-acquired infection, 39 

Malassezta furfur, 708 

Malignant pustule, 320-321 

Malonate utilization test, 137, 140, 143 

Malt agar, dermatophytes, 708 

Malt extract, 102 

Maltose, oxidase reaction, Neisseria 

meningitidis, 285 

Malt peptone agar, 698, 715 

Maltworker’s lung, 710 

Management, 4—5 
computers in, 29-30 
virus laboratories, 647 

Mannitol fermentation, Shigella, 406 

Mannitol salt agar, Stap/rylococcus 

 qureus, 246, 253 

Mansonella spp., microfilariae, 777 

(Fig.) | 

M antigens 
Brucella, 477 
Salmonella, 391 
Streptococcus pyogenes, 264 

Manufacturer's liability, disinfectants, 

826 

Marburg virus, 653 (Table) 

Marking | 
guinea-pigs, 875 
mice, 877 ' 
rabbits, 872 
see also Labelling 

Marking films, 794 

Mastalist, Listeria, 312 

Mastascan Colour system, 149 

Mastascan II system, breakpoint 

testing, 166 

Mast medium, Pseudomonas cepacia, 420 

Materials, quality control, 14-16 

Maximum concentration at infection 

site (C__.), 165 

McCartney bottles, sterilization, 98 

McFadyean stain, 325, 796 

McFadyean test, in-vitro, B. anthracis, 

318-319, 325 
McFarland standards, opacity 
measurement, 851-852 
McLeod and Anderson, C. diphtheriae 
biotypes, 300 

MDCK cells, 676 
trypsinization, 684-686 

Meals, frozen complete, 901 

Mean, 854-856 

Measles virus, 638-639, 653 (Table) 
haemagglutination-inhibition tests, 

201 (Table) 
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Measurement, antibiotic sensitivity 
testing, 157 

Meat digestion, anaerobes, 509-510 

Meat extracts, 100, 102 bn 

broth, 104 
Meat infusion broth, 104 

Todd Hewitt, 107 
Meat pies, 902 

frozen, 901 
Media preparators, 820-821 
Medical laboratory assistant staff, log 

books, 11 
Medical Laboratory Scientific Officers, 
4 
Medically-qualified staff, 4 vi 
Medico-legal work, aa 626 
Medium P (Difco), 422 . 
Medusa-head colonies 

B. anthracis, 320 

Clostridium sporogenes, 526 . 
Meetings, 6-7, 647 
Megasphera 

identification, 513 (Table) 

Mz. elsdeni:, 518 (Table) 
Melibiose peptone water, Shigella, 410 
Melioidosis, 419 
Melting points, agar, 101 
Membrane-bound nucleic acids, 

hybridization of nucleic acid 
probes to, 220-22] 
Membrane clostridial agar, 913 
Membrane enterococcus agar, 
912-913 
Membrane filters, 824-825 
Membrane filtration 

apparatus, 680 

tests of water, 885, 887-889, 892 
Membrane lauryl sulphate broth, 888, 

912 
Menadione, anaerobic bacteria, 507 
Meningitis, 77-80 
Haemophilus influenzae, 45] (T abe, 
454 
neonates 
Enterobacteniaceae, 377 
Streptococcus agalactiae, 267 
Meningoencephalitis 

Listeria monocytogenes, 311 

Naegleria fowleri, 731 
Mercaptoethanol, 213 

agglutination test, Brucella, 477 
Mercuric chloride 

gelatin liquefaction test, 138 

removal from tissue sections, 795 
Mercuric iodide solution, tube 

agglutination tests, 412 
Mercury drop colonies, Bordetella 
pertussis, 467 
Mercury vapour lamps, 825 
Merozoites, sporozoa, 732 
Mesenteric adenitis, Yersinia 
pseudotuberculosis, 482 
meso-diaminopimelic acid, 351 
Mesophiles, Bacillus, 318 
Metabolic degeneration, continuous 
cell cultures, 676 
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Metabolic inhibition test 
Mycoplasma pneumoniae antibody, 
600 
virus-specific antibody, 689 
Metabolism, reducing for storage, 125 
Metacena, trematodes, 762 
Metagonimus, 773 (Table), 774 
(Table) 
M. yokogawau, 764 
Methanol, Romanowsky stains, 808 
Methanol fixation, thin blood films, 738 
Methanolysates 
Nocardia vs Mycobactenia, 351--352 
see also Acid methanolysis procedure 
Methenamine silver nitrate stain 


66 
Methicillin 
preparations for sensitivity tests, 160 
(Table) 
sensitivity testing; 157 
test discs, 154 
Methicillin agar, 253 
Methicillin resistance 
sodium chloride, 153 
Staphylococcus aureus, 247-248, 250 
control strain, 153-154 
testing, 252-253 
typing, 248 
Methoxyflurane, animal anaesthesia, 
869 
Methyl! cellulose, viral plaque assays, 
686 


Methylene blue, 107, 119, 840 (Table) - 


Mycoplasma, 602 ; 
ripening, 796, 807-808 
stains, 796 
Methylene blue dye test, aie ici 
733 
Methylene blue reduction test 
ice cream, 897-898 
milk, 893-894 
Methyl red, 836 (Table) 
test, 155-136 
Methylumbelliferone, 364 
4~Methylumbellifery! phosphate, for 
antigen-capture EIA, 658 
Methyl violet, Gram stain, 797 
Metronidazole 
cultures, 69 
preparations for sensitivity tests, 160 
(Table) 
sensitivity, anaerobic cocci, 506, 507 
test discs, 154 
triple therapy, Helcobacter pylon 
infection, 441 
MIC,,, 163-164 
MIC, 164 
Mice, 867 (Table), 877-888 
B. anthracis diagnosis, 321-322 
bioassay, Clostndmum botulinum, 906 
Bordetella pertussis, 468 
Borrelia diagnosis, 564 
Clostridium botulinum, 544 
Clostridium tetani, 528 
Coxtella burnetn, 583 


(Grocott), Pneumocystis carinti, - 


herpes simplex encephalitis, 661 
Mycobacterium, 330 
M, leprae, 337 

Streptococcus pneumoniae, 121, 277 
Microaerophilic cultures, 116 

Gampylobacter, 437 

Helicobacter pylon, 440 
Microagglutination, rickettsia, 579 
Microbank system, 125. 

Netssena gonorrhoeae storage, 288 
Microbead technology, YO ag 659 
Microbial antigens, 

doacnlanistiniaiaieainie: 187-788 
Microbiological assays, 863-864. 
Microbiological status, Sener. 

animals, 867-868 - 
Micro CF test, 197-200, 579 
Micrococcaceae, 245 
Micrococcus, 245, 246, 252. 

vs Staphylococcus, 254 
Microconidia, dermatophytes, 703 
Microfilariae, 777 (Fig.) 

blood filtration, 772 

Criemsa’s stain, 77]-772 

haematoxylin stain, 772 

Wucherenia bancroftit, 767 
Microhaematocrit buffy coat 

microscopy, Jiypanosoma brucei, 

t27 
Micro-immunofluorescence (tests) 

Chlamydia, 629, 630 

rickettsia antigens, 580-581 

Rochahmaea, 586 
Micro-Kjeldahl method, total nitrogen, 

cultures, 850 
Micrometre, 853 
Micrometry, 758 
Micro-neutralization test, virus-specific 

antibody, 689 
Maiucropolyspora faem see 

Saccharopolyspora rectivirgula 
Microscopes, 781—782 

cell cultures, 679 

fluorescence microscopes, 496 

Mycoplasma, 602 

plate culture microscopes, 120 

see also Plate culture microscopes 
Microscopic agglutination tests, 

Leptospira, 562, 569-570 
Microscopy, 781-791 

Aspergillus screening, 712—713 

bacterial capsules, 805 

Entamoeba histolynca, 731 

faeces for helminths, 758 

fungi, 695 

malaria, 734 

motility, 146-147 

protozoa, 723 

superficial mycoses, 707 

urine, 86-87 
MicroScreen (Mercia), Salmonella, 395 
Microsporidea, 735-736 

specimens, 745 (Table) 
Microspondium, 735 
Microsporum, 703 

M. audouinii, 704, 705 (Table) 
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Microsporum (contd) 

M. canis, 705 (Table), 706 
M. gypseum, 705 (Table), 706 

Microtitre plates 
enzyme immunoassay, 185-186 
virus cultures, 684 

Microwell configurations, 186 

Micturition, stimulating in babies, 86 

Middlebrook’s media, Mycobacternum, 

333, 340 

Mid-stream urine specimens, 85 
dip-slide culture, 89 

Miles & Misra method 
Bacillus cereus, 324 
surface viable counts, 850 

Milk 
bacteria identification, 143-144 
Brucella isolation, 477 
digestion, 139 
examination, 892-896 
sampling, 893 . 
sterile, Willis & Hobbs medium, 

533 
Miik-based products 
standards, 898, 899-900 (Table) 
see also Dairy products 
Milk bottles, 896 
Milk plate count agar, 914 
Millimicrometre, 853 
Millipore Super Q water purification 
apparatus, 680 

Mima polymorpha see Acinetobacter 

Minerals modified glutamate medium, 
911 - 

drinking water tesung, 885 

Mineral water, natural, standards, 891 

Miniature anion-exchange 
centrifugation, Trypanosoma 
brucei, 726, 727, 738-739, 751 
(Fig.) 

Miniaturized test procedures 
Actinomyces, 347, 356-357 
antibiotic sensitivity, 149 

Minimum bactericidal concentration, 

159, 161-162 
Minimum inhibitory concentration, 
"159, 161 
commercial methods, 162—163 
control strains, 161 (Table) 
criteria, 163—164 
disinfectants, 832 

Minitest system, anaerobes, 508-509 

Miracidia, trematodes, 762 

Miscarriage, 73 

Mitis biotype, C. diphthenae, 300 

Mixing, aerosols from, 40 

MNYC, see Modified New York City 

medium 

Mobiluncus, 506 
morphotype, vagina, 458 

Modified Korthof's medium, 565-570 

Modified New York City medium, 

287, 294 
Neisseria gonorrhoeae, 287, 290 
Modified O/F test (Hugh & Leifson), 
253-254 


Modified trichrome stain, faecal 
smears, 74] 
Moellerella wisconsensis, 374 (Table), 
375 
Moist heat, sterilization, 813, 814-823 
Molar tooth colonies, Actinonryces 
israeli, 345 
Meller’s arginine decarboxylase test 
medium, 271 
Molkeutes, 591 
Molluscum contagiosum, 651 (Table) 
specimen collection, 664 
Moloney murine leukaemia virus, 
reverse transcriptase from, 214 
MOMP see Major outer membrane 
protein 
Monitoring, quality control, 12 
Monoclonal antibodies, 148 
Bordetella pertussis, 469-470 
Chlamydia, 626 
G. psittaci, typing, 623 
for enzyme immunoassay, 187 
enzyme-linked immunosorbent 
assays, Listeria, 313- - 
for Leptospira diagnosis, 562 
Nocardia, 353 
virology, 657 
Monolayer culture see Cell monolayers 
Monophasic salmonella, 389-390 
Monosaccharides, 133 
Monsur’s tellurite taurocholate gelatin 
agar, 443 
Montenegro test see Delayed 
hypersensitivity skin test, 
Letshmania 
Moraxella, 292-293 
M. atlantae, 292 
M. catarrhalis, 283-284, 292-293 
sputum culture, 65 
M. lacunata, 292 
angular conjunctivitis, 6] 
M. hquefaciens, 292 
M. lwofftt see Acinetobacter 
Mordant solution, wet-mount flagellar 
stain, 805 
MMorganella 
f-lactamase production, 168 
MM. morgant, 372 (Table), 373 
biochemistry, 363 (Table) 
Mosaic fungus, artefact, 707 
Most probable number tables, 
914-918 
Motility 
Campylobacter, 435 
Glastridium, 531 
C. difficile, 539 
detection, 145-147 
Leptospira, 559-560 
Listeria monocytogenes, 309 
protozoa, 723 
Treponema palhdum, 549 
MOTT, 329 
vs Mycobactenum tuberculosis 
complex, 330 
species differentiation, 330-331 
‘Mott’ cells, cerebrospinal fluid, 739 


Mounting media, cover-slip fixing, 668 
Mouse see Mice 
Mouse holders, 877 
Mouth 
candidosis, 59 
infections, 60 
Mouth pipetting, 39 
.Moving-boundary centrifugation, 
stabilized, 847 
M protein, Streptococcus, 266 
Mucoid colonies, Streptococcus 
pyogenes, 264-265 
Mucoid inhibitor see Francis inhibitor 
Mucosal biopsy, gastric antrum, 
Helicobacter pylori, 439-440 
Mucosal surfaces, acute viral 
infections, 637-638 
Mueller-Hinton agar, 107 
methicillin resistance testing, 153, 
Fe Ke 
MUG hydrolysis test see B- 
glucuronidase tests 
Multiblock thermal cyclers, 227, 229 
Multilayer methods, immunostaining, 
782-784 
Multilocus enzyme electrophoresis, 
Listeria monocytogenes, 313 
Multiple inoculation, 116 
Multiple slides, Gram stain, 799-800 
Multiple smears, Ziehl—Neelsen stain, 
802 
Multiple tube method 
most probable number tables, 915, 
918 (Table) 
water testing, 885 
Multiplicative methods, protozoa 
detection, 722 
Mulupoint identification methods, 149 
Multipoint inoculators 
breakpoint testing, 166 
urine culture, 89 
Multipurpose autoclaves, 821-823 
testing, 830-831 
Multitest systems, Pseudomonas, 418 
Multi-user systems, 2] 
Multi-well plates, cell cultures, 680, 
684 
Multi-well slides, immunofluorescence, 
785 
Mumps virus, haemagglutination- 
inhibition tests, 201 (Table) 
Murine typhus, 574 (Table), 575 
Muscle 
helminths, 773 (Table) 
Trichinella spiralis, 766-767 
Muscle biopsy digestion, Tnchinella 
spiralis, 771 
Mutants, stably derepressed, 168 
Mutation, 125 
flagellar loss, Salmonella, 390 
Mycelium production, yeasts, 700—701 
Mycetoma 
aspergilloma, 711 
pus, 69 
Mycobacterium, 329-34] 
exudates, 69 
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Mycobactertum (contd) 
glutaraldehyde, 827 
M. africanum, 330 (Table), 335 
M. avium complex, 335-336 
M. bovis, 330, 335 
M. chelonei, 329, 336 
M. flavescens, 337 
M. fortuitum, 329, 336 
M. genavense, 329 
M. gordonae, 336 
M. haemophilum, 329 
M. kansas, 336 
M. leprae, 337 -- 
M. malmoense, 329, 336 - 
M. marinum, 330, 336 
M. micron, 330 (Table) 
M. paratuberculosis, 335-336 
M. phlei, 329, 330, 337 
M, smegmatis, 329, 337 
M. tuberculosis, 330, 335 
milk, 896 . 
see also Tuberculosis 
M. tuberculosis complex, 329, 335 
vs MOTT, 330 
M. uicerans, 330, 336 
M. xenojn, 330, 336 
see also MOTT 
Mycobactin, 336 
Mycolic acids, 329 
detection, 355-356 
Nocardia, 351 
Mycology see Fungi 
Mycoplasma 
cerebrospinal fluid, 78 
genital tract, 76, 600-601 
identification, 603 
impression preparations, 807 
iM, fermentans, 62, 593-595 
M. genitahum, 595 
Mycoplasma pneumoniae, shared 
antigens, 599 
M. hominis, 596 
bacterial vaginosis, 73 
fluid aspirates, 71 
M. penetrans, 595 
M. pneumoniae, 591, 593 
enzyme immunoassay, 189-190 
haemadsorption, 604 
IgG antibodies, 190 
IgM antibodies, 191 
laboratory diagnosis, 596—600 
throat swabs, 57 
iM. saltvartum, 593 
fluid aspirates, 71 
serology, 604-606 
species characters, 594 (Table) 
Mycoplasma-like organisms, 591 
Mycoplasmataceae, 591-620 
Myopericarditis, infective, 56 
Mymingitis, Mycoplasma, 593 


NAD, Haemophilus influenzae, 452 
NADase, 265 
Naegleria, 731-732 

cerebrospinal fluid, 78 
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Legionella pneumophila, 492 
N. fowlen, 749 (Fig.) 
Nagler plate, 532 
Nazgler’s reaction, 522, 523, 531 
Nail specimens, mycology, 696-697, 
. 709 
Nalidixic acid 
Campylobacter 
identification, 435 
sensitivity, 445 
Gardnerella vaginalis isolation, 457 
Hehcobacter pylon culture, 440 
sensitivity tests, 155 
urine culture sensitivity, 90 
Nalorphine, animal anaesthesia 
reversal, 869 
Nanometre, 853 : 
Napier formol-gel rest, 725 ; 
NAP sensitivity, Mycobacterium, 330 
Nasal carriers, 60 
Staphylococcus, 246 
Nasal infections, 60 
Nasal swabs 
methicillin-resistant Staphylococcus 
aureus, 249 
Mycoplasma pneumoniae diagnosis, 
598 
see also Pernasal swabs; Postnasal 
swabs 
Nasopharyngeal aspirates, 60 
immunofluorescence, 787-788 
Mycoplasma pneumoniae diagnosis, 
598 
viruses, 644, 664-665 
culture, 683 
Nasopharyngeal] swabs, 60 
Neisseria meningindts, 286 
Nasopharyngeal washings, 96 
Nasopharynx 
Acanthamoeba, 731 
Haemophilus tnfluenzae, 451 
Natamycin, dermatophyte isolation, 
708-709 
National accreditation schemes, 13 
National Collection of Type Cultures, 
126 
National External Quality Assurance 
ocheme, 12 
sensitivity testing, 152, 159 
National Standards, bioassays, 854 
Natural mineral water, standards, 891 
Necator, 773 (Table), 774 (Table) 
N. americanus, 766 
Necropsy, laboratory animals, 871-872 
Necrotizing aspergillosis, 711 
Necrotizing infections, Fusobacterium, 
505 
Needle-mount method, dermatophyte 
staining, 714—715 
Needles, 50 - 
sizes, 870 (Table) 
Needlestick injuries, 40 
Negative reports, 8 
Negative staining, electron microscopy, 
790 
Negative staining for capsules, 804 


Negative urines, screening out, 84-85 
Neisseria, 283-292 
commensals, 291-292 
N. catarrhalis, us N. ctnerea, 292 
N. cinerea, 292 
N. elongata ssp. nitroreducens, 292 
N. flavescens, 292 
N. gonorrhoeae, 283, 287-291 
control strains, 154 (Table) 
culture, 75 
ws Oligella, 293 
ophthalmia neonatorum, 61 
ssp. Rocha, 291 
Stuart's transport medium, 110. 
viability, 124 
N. lactamica, 283, 291 
ONPG medium, 286 
N. meningitidis, 38, 283-287 
antigen detection, 296 
fulminating infection, 72 
laboratory-acquired infection, 38 
vs N. polysacchareae, 292 
postnasal swabs, 96 
N. mucosa, 292 
N. pharyngis, 291 
N. polysacchareae, 283, 291-292 
N. stwcea, 291 
N. weaveri, 292 
rod-shaped, 292 
sputum culture, 65 
Neisser’s method, volutin granules, 
803 
Nematodes, 764-768 
Neomycin 
cultures, 69 
Lowbury & Lilly’s medium, 532 
Neonatal intensive care units, | 
staphylococcal infections, 251 
Neonates 
Chlamydia, 622 
immunoglobulins, 628 
coxsackie B infections, 56 
eye infections, 61 
foreskin, cell cultures, 682 
Listeria monocytogenes, 311 
meningitis ’ 
Enterobacteriaceae, 377 
Streptococcus agalactiae, 267 
Mycoplasma, 600 
septic screen, 311 
Ureaplasma urealyncum, 596 
Nephelometry, 851 
Nephrotoxic drugs, antibiotic assays, 
170 
Nessler’s reagent, 141, 142 
Netilmicin, preparations for sensitivity 
tests, 160 (Table) 
Networks, 20, 32 
Neubauer haemocytometer, 758 
cell culture counting, 681 
Neufeld’s quellung reaction, 276, 
279-280 
Neuropathology, virology, 667 
Neurosyphilis, cerebrospinal fluid, 556 
Neurotoxin, GC. bordinurm, bioassay, 
906 


ra, 
= 


————— 


= 
- 
‘ 


a 


Neutralization, viruses, 688-689 
Neutralization tests, viral antibodies, 
859 
Neutralizing antibodies, infective 
myopericarditis, 56 
Neutral red, 836 (Table), 840 (Table) 
Gram stain, 798 
MacConkey agar, 108 
viral plaque assays, 686 
Neutral red lactose agar, 399 
Neutropenia 
infections, 91, 92 
serum bactericidal activity testing, 
169 
Neutropenic enterocolitis, Clostnadium 
tertium, 526 
Newton’s rings, 79 
Newtons/square metre, 830 
New Zealand agar, 105, 145 
N-2-hydroxyethy!piperazine-N -3- 
ethanesulphonic acid, 676 
Nichols & Freeman medium, 
Streptococcus pneumoniae, 279 
Nichols strain, Treponema pallidum, 
550 
Nichrome wire, inoculating loops, 113 
Nick translation, DNA probe labelling, 
217 
Nicotinamide adenine dinucleotidase, 
265 
Nicotinamide adenine dinucleotide, 
Haemophilus influenzae, 452 
Nine Mile strains, Coxiella burnetii, 
584 , 
Nitrate assimilation, Rhodotorula, 701, 
702 
Nitrate reduction (tests), 142 
actinomycetes, 357 
anaerobes, 509 
Nitrite reduction, actinomycetes, 357 
Nitrocefin test, Haemophilus influenzae, 
454 
Nitrocellulose, dot blotting techniques, 
219 
Nitrocephin, 167-168 
Nitrofurantoin 
Enterobacteriaceae, 377 
pH, 153 
sensitivity testing, 155, 158 
urine culture sensitivity, 90 
Nitrogen, liquid, 125 
nckettsia, 578 
o-Nitrophenyl-B-D-galactopyranoside, 
142 
p-Nitrophenylglycerol, 69, 158, 372 
p-Nitropheny] phosphate, for antigen- 
capture EJA, 658 
p-Nitropheny! phosphate agar test, 
Staphylococcus, 257 
N-Labstix, urine screening, 85 
NNN medium, modifications, 739 
Nocardia, 349, 350, 353 (Table) 
actinomycetoma, 350 
antibiotic sensitivity, 353 
culture, 351 
exudates, 69 


N. asteroides, granules, 350 (Table) 
N. brasikensis, 350 
granules, 350 (Table) 
species characters, 352 (Table) 
Ziehl—Neelsen stain, 802 
Nocardiopsis dassonvillei, 354 
Nocturnal periodicity, Wuchereria 
bancrofmm, 767 
Noise, 11, 645-646 
Nomenclature, international 
committees of, § 
Non-bacterial urethritis, 44 
Non-cholera vibrios, 427° 
Non-gonococcal genital infection, 
75-76 
Non-gonococcal ophthalmia, 61, 621, 
622 
Non-gonococcal urethritis, 76 
Mycoplasma genitahum, 595 
Ureaplasma urealyticum, 595, 596 
Non-nutrient media, sterilization, 99 
Non-requiring (NR) Neisseria 
gonorrhoeae, 289 


Norfloxacin, urine culture sensitivity, 


90 
Normal distributions, 854-855 
Worthern-blot hybridization, 210 
Norwalk agent, infections, 652 (Table) 
Nosema, 735 
Nosocomial infections 
computer surveillance, 23, 29 
Pseudomonas aeruginosa, 414 
Serratia marcescens, 371 
Staphylococcus epidermidis, 251 
Stenotrophomonas maltophiha, 42.1 
Notifiable diseases, enterobacteriaceae, 
361 
Novobiocin 
coagulase-negative staphylococcus in 
urine, 252 
pH, 153 
sensitivity, Staphylococcus, 254-255 
n-propyl gallate, anti-fading agent, 788 
Nucleases, 207 
Nucleic acids 
acridine orange stain, 807 
virology, 661-662 
Nucleic acid sequence-based 
amplification, 232-233, 235 
Nucleic acid sequences, detection, 
216-222 
Nucleic acid techniques, 205-242 
future directions, 240-24] 
Neisseria gonorrhoeae, 290 
Nucleoside triphosphate reagents, for 
nucleic acid techniques, 210 
Numerators, laboratory-acquired 
infections, 37 
Nutrient agar, 105 
dehydrated, 103 
sterilization, 819-820 
Nutrient broths, 100 
dehydrated, 105 
recipes, 104-105 
Nylon 
dot blotting techniques, 219 
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stripping filters for reprobing, 
221-222" 
Nystatin solution, for modified CPLM 
medium, 744 


O1 antigen, V. cholerae, 427 
O/129 (vibriostatic agent), 425 
sensitivity, 444 
O139 serogroup, V. cholerae, 427 
O antigens 
agglutination (tests), 181, 182 
C. diphtheriae, 300 
Eschenchia coli, 364 
Pseudomonas aeruginosa, 417 
Salmonella, 389, 392, 402 
Shigella, 406—408 
somatic, Listeria, 310 
O antisera, Salmonella, 401 
Obesumbactertum proteus, 375 
Occupational Exposure Standards 
chlorine, 827 
glutaraldehyde, 827 
Occupational health services, 47 
Oerskovia, 354 
O/F test, 132-133 
modified Hugh & Leifson, 253-254 
Ogawa serotype, V. cholerae, 427 
O groups, Salmonella, 390 
O:H serotyping, VTEC, 366 
Oil drop, Yersinia pestis, 481, 482 
Oligella, 293 
Oligodeoxynucleotides 
primers, PCR, 227 
synthesis, 228 
Oligonucleotides, files, Order Forms, 
229 | 
O’Meara reagent, 136 ' 
Omniserum, Streptococcus pneumoniae, | 
278, 279 j 
omp! gene, polymerase chain reaction, 
Chlamydia, 628 
Onchocerca, 773 (Table), 774 (Table) 
O. volvulus, 768 
microfilariae, 777 (Fig.) 
skin snips, 772—773 
1% proportional method, sensitivity 
testing, Mycobacterium, 334-335. 
Onions, soft rot, 419 
o-nitrophenyl-f-D-galactopyranoside, 
142 
ONPG medium, CSF for Netsserna 
meningitidis, 286 
ONPG test, 142 
Shigella, 406 
Oocysts, sporozoa, 742 
Opacity standards 
antibiotic sensitivity testing, 153 
simple, 851-852 
see also "Turbidity measurement 
OPD, enzyme immunoassay, 187 
Open-plan layouts, laboratories, 
645-646 
Operational! units, 648 
Ophthalmia, non-gonococcal, 61, 621, 
622 
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Ophthalmia neonatorum, 6] 
Ophthalmic solutions, phenylethanol, 
415 
Ophthalmology, sample collection, 
virology, 62, 665-667 
Opisthorchis, 773 (Table) 
eggs, 763, 775 (Fig.) 
O. feltneus, 763 . 
O. sinensis, 763 
Opossums, murine typhus, 575 
Opportunistic infections, 91-93 
actinomycetes, 353-354 
Bacillus cereus, 324 
Corynebacterium, 304 
Pseudomonas aeruginosa, 414 
Staphylococcus spp., 246 
Optimal sensitizing concentration, 
complement fixation tests, 198 
Optochin sensitivity test, Streptococcus 
pneumoniae, 276, 279 . 


Oral bacteria, CEK group, 
293- 

Orbit, infections, 62 

Orchitis, 76 

Orf 


specimen collection, 664 
see also Contagious pustular 
dermatitis virus 
Organ cultures, 677 
Organic acids, metabolism tests, 133 
Organon Teknika BacT/Alert blood 
culture system, 124 
Organ transplantation, 
immunodeficiency, 92 
Ornithine, detection in actinomycetes, 
355 
Ornithine decarboxylase (tests) 
Haemophilus influenzae, 451 (Table) 
Staphylococcus, 257 
Ornithine reaction, 139-140 
Ornithodoros spp., relapsing fever 
vectors, 564 
Ornithosis, 621, 623 
Oroya fever, 574 (Table), 576 
Osmolality, cell cultures, 678 
Osmotic pressure, 841 
Osteomyelitis, 67 
serum bactericidal activity testing, 169 
Otitis externa, 61 
Pseudomonas aeruginosa, 414 
Otitis media, 57, 60-61 
Mycoplasma, 593 
Ototoxic drugs, antibiotic assays, 170 
Outbred animals, 867 
Outer membrane proteins 
Escherichia coli, 364 
serotypes, Neisseria meningitidis, 286 
Oxacillin, test discs, 154 
Oxalated blood, 103 
Oxalic acid, isolation of Mycobacterium, 
333, 337-338 
Oxford agar, 312 
Oxidase reaction 
Netsseria gonorrhoeae, 290 
Neisseria meningitidis, 285 
Oxidase test, 141 
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Oxidation, vs fermentation, 132 

Oxidation-reduction potentials, 
839-840 

indicators, 840 Co & « 
thioglycollate broth, 107-108 

Oxidative actinomycetes, 
distinguishing, 357-358 

Oxidizing agents, 839 

Oxoid Cholera Medium TCBS, 443 

Oxoid CM469 XLD agar, 400 


’ Oxoid media, 398 . 


Oxoid Signal system, blood cultures, 
Haemophilus influenzae, 453 


reduction, Actinomyces cultures, 345 
toxicity, Gampylobacter, 435 
Oxygen electrode, standard, 840 
(Table) 


Oxyuris see Enterobius, E. warnienlaris 


PACE 2 chemiluminescence DNA 
probe assay 
Chlamydia, 627 
Neisseria gonorrhoeae, 290 ‘ 
Pacific region, subperiodic filarial 
worms, 767 
PACT cocktail, decontamination of 
Mycobactenum specimens, 334 
Pails, for discarded material, 49-50 
Paired sera, pyrexia of unknown origin, 
90-9] 
PALCAM agar, 312 
Palladium, anaerobic cultures, 117, 119 
p-aminobenzoic acid, 173 
Pancreatin 
Aspergillus screening, 712 - 
sputum homogenization, 65 
Pandemics 
V. cholerae, 427 
see also HIV 
PANTA cocktail, decontamination of 
Mycobactenum specimens, 334 
Pantoea, 375 
P. agglomerans, 374 (Table) 
Paper-based information systems, 24 
Paper discs 
drying bacteria, 126 
identification tests, 149 
Paperless information systems, 24 
Para-aminobenzoic acid, blood culture 
media, 12] 
Paraffin, removal from tissue sections, 
795 
Paraftin-embedded tissue 
nucleic acid detection, 224 
sections, 810-811 
see also Fixed tissue 
Paragonimus, 773 (Table), 774 (Table) 
eggs, 775 (Fig.) 
P. westermann, 764 
Parainfluenza viruses, 59, 638, 652 
(Table) 
haemagglutination-inhibition tests, 
201 (Table) 
Paramagnetic DNA-binding beads, 241 


Paramyxoviruses, guinea-pig 
antibodies, 193 
para-phenylenediamine, anti-fading 
agent, 788 
Paratyphi A and B serotypes, 
Salmonella, 385 
Paronychia, specimens, 696 
Particle-based agglutination tests, 
Mycoplasma pneumoniae, 
commercial 
sources, 616 
Particle quantification, electron 
microscopy, 791 - 
Particle size, centrifuges, 845 
Pasteurella, 479 
vs other aerobic Gram-negative 
bacilli, 362 (Table) 
P. dagmatis, 486 
P. haemolytica, 480 (Table), 486 
P. multocida, 479, 480 (Table), 
485-486 . 
P. pneumotropica, 480 (Table), 486 
P. ureae, 480 (Table), 486 
Pasteurization, 814 
Lasteria monocytogenes, 310 
Pasteurized milk, 893 


Pastorex Staph-Plus, 255 


Patient recognition, computer systems, 
23-24 

Patoc slide test, Leptospira, 568-569 

pBluescript plasmid vectors, 218 

PBS/T see Phosphate-buffered saline 

PCR see Polymerase chain reaction 

p-cresol production, Clostridrum 
difficile, 540, 542 

PDM Epsilometer, 163 

Peak levels, serum assays, 170 

Peak patterns, complement fixation 
tests, 199 

Peliosis, visceral, Rochalimaea henselae, 
574 (Table), 576 

Pelleting, bacteria from sputum, 211 

Pelvic inflammatory disease, 67 

PEMBA selective medium, Bacillus 
cereus, 326, 906 

Pencil, faeces microscopy, 758 

Penguin faeces, 373 


‘Penicillin 


abnormal metabolism, 550 
CG. diphtheriae, 301 
dermatophyte isolation, 709 
Erysipelothrix rhusiopathiae, 314 
Leptospira, 559, 560 
Listena monocytogenes, 310 
Neisseria gonorrhoeae, 290 
Neissena meningitidis, 285 
resistance 
anaerobes, 502 
Neisseria gonorrhoeae, 288 
Neisseria meningitidis, 287 
Staphylococcus, 158 
Streptococcus pneumoniae, 276, 279 
sensitivity 
Moraxella, 292 
oxidative actinomycetes, method, 
357-358 
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Penicillin (contd) 
Streptococcus, 267 
syphilis, 550 
tolerance, Enterococcus, 269 
Penicillin binding proteins, 
Haemophilus influenzae, 454 
Penicillinase-producing Neisserta 
gonorrhoeae, 288 
Penicillinase test, with rapid 
carbohydrate utilization test, 295 
Penicillins 
Actinomyces, 349 
enterobacteriaceae, 377 
group representatives, 156 (Table) 
Pseudomonas aeruginosa, 415 
rashes, 72 
resistance, Staphylococcus aureus, 247 
Penicillin streptomycin solution, for 
modified CPLM medium, 744 
Penicilloic acid, 167 
Penis, infections, 76 
Penner method, Campylobacter 
serotyping, 437 
Pentatrichomonas hominis, ‘729 
Pentium microprocessor, 20-21 
Pentobarbitone, animal anaesthesia, 
869 
Peptide-carrier conjugation, 
immunization, 
immunofluorescence, 785 
Peptidoglycan 
amino acid composition, 355 
Staphylococcus, 245 
Peptococcus, 506 
identification, 513 (Table) 
P. niger, 518 (Table) 
Peptone, 100, 101-102 
Peptone infusion broth, for cooked 
meat broth, 107 
Peptone-lysozyme-haematin agar, 325 
Peptone salt solution, Korthof’s 
medium, 565-566 
Peptone solution, for Robinson's 
medium, 742 
Peptone starch dextrose agar, 457 
Peptone water, 105 
buffered, 914 
fermentation test media, 134 
Peptostreptococcus, 506, 518 (Table) 
identification, 513 (Table) 
P. anaerobtus, 506 
P. asaccharolyticus, 507 
P. magnus, 507 
Peracetic acid, 828 
Perfringens agar, food testing, 905 
Perianal swabs, 81, 769-770 
Periodate, Francis inhibitor removal, 2U2 
Periodic acid—Schiff method, 806-807 
Periodicity, nocturnal, Wuchereria 
bancroftu, 767 
Periodontal disease 
actinomycetes, 344 
Prevotella, 504 
Peritoneal dialysis 
coagulase-negative Staphylococcus, 
251 
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fluid, 71-72 
mycology, 699 
Pernasal swabs, whooping cough, 60, 
96, 468-469 
Peroxidase-antiperoxidase complexes, 
782 
for antigen-capture EIA, 657 
Persistent viral infections, 640-643 
Personal computers, 19, 20-21 
Personal licences, Animals Act, 865 
Person-to-person transmission, 
Pseudomonas cepacia, 420 
Pertussis vaccine, immunizing dose, 
measurement, 862 
Petri dishes, 97 
autoclaving, 50 
hazard from, 40 
P fiambriae, Escherichia colt, 364 
pGEM plasmid vectors, 218 
pH, 835-836 
agar, 101 
antibiotic resistance testing, 153 
carbohydrate solutions, 132 
_ cell culrures, 677-678 . 
culture media, 98 
fermentation tests, anaerobes, 509 
iced lollipops, 901 
large-plate diffusion assay, 171 
Leptospira, 560 
meat infusion broth, 104 
meters, 835-836 
Phadebact monoclonal GC test, 148, 
283, 290 
Phadebact Pneumococcus Test, 
cerebrospinal fluid, 280 
Phages 
toxin production, Clostridium 
botulinum, 543 
see also Bacteriophages 
Phage typing 
Brucella, 474-475 
C. diphtheriae, 301 
Listeria monocytogenes, 313 
Salmonella, 392-393 
Shigella, 409 
Staphylococcus aureus, 248 
Yersinia enterocolitica, 484 
Phallotoxin fluorescence, 
enteropathogenic E. col, 367 
Pharyngitis, 57-58 
Phase-contrast microscopy, bacterial 
capsules, 805 
Phenol, for nucleic acid techniques, 210 
Phenolic disinfectants, 49, 51, 827 
Mycobactertum, 332 
Phenolphthalein, 836 (Table) 
Phenolphthalein diphosphate, agar test, 
Staphylococcus, 257 
Phenol red, 134, 691, 836, 836 (Table) 
glycerol saline transport medium, 110 
Hanks’ balanced salt solution, 690 
Phenol-red egg-yolk polymyxin agar, 
326 
Phenosafranine, 840 (Table) 
Phenoxymethylpenicillin, Lyme disease, 
563 


Phenylalanine deaminase positive 
Enterobacteriaceae, 363 
Phenylalanine deaminase test, 140, 143 
para-Phenylenediamine, anti-fading 
agent, 788 
Phenylethanol, ophthalmic solutions, 
415 
Phillips medium, Clostridrum 
perfringens, 530 
Phlebotomists, 122 
Phoraid, 828 
Phosphatase tests 
cream, 897 
milk, 894-895 
Staphylococcus, 256-257 
Phosphate-buffered saline, 841 
Dulbecco’s, 690 
enzyme immunoassay, 192 
Phosphate buffers, 838, 839 
Giemsa’s stain, 771 
Leishman’s stain, 808 
Phosphatidylinositol-specific 
phospholipase C, Staphylococcus 
aureus, 246 
Phospholipase, Nagier’s reaction, 531 
Phospholipase C 
clostridia, 522 
see also Lecithinase test 
Phosphoramidite method, 
oligodeoxynucleotide synthesis, 
228 
Phosphorus pentoxide, drying bacteria, 
126, 127 
5’_(°*P]- phosphorylation, nucleic acid 
probe labelling, 218 
Photochromogens, 329 
Photoelectric colorimeters, 848, 851 
Phthalate solution, for Robinson’s 
medium, 742 
p-hydroxyphenylacetic acid, for 
Clostridium difficile, 542 
Physiological saline, 841 
Pian bois, 724 
Pig bel, 539 
Pigments, pigmentation 
anaerobic bacteria, 501 
identification, Pseudomonas, 422-425 
Mycobacterium, 329 
Prevotella, 504 
Pseudomonas, 413, 415 
Staphylococcus aureus, 246 
Pigment test, Streptococcus, group B, 
271 
Pigs 
Actinomyces infection, 344 
Balantiditum coli, 736-737 
Taenia solium, 76C 
Trichinella spirals, 766 
Pike’s medium, 110 
Pine fluids, 828 
Pinta, 549 
Piperacillin, sensitivity testing, 166 
Pipettes, 113-114 
amplicon containment, 231, 232 
cleaning, 845 
Pipetting, 39, 40, 50 
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Pityriasis versicolor, 707-708 
Pityrosporum orbiculare, 708 
pK, buffers, 837 
Placenta 7 , 
amnion cell cultures, 682 
see also 'Transplacental infection 
Plague, 479 
laboratory diagnosis, 481-482 
Plan-achromatic, plan-spochromiatic 
objectives, 781 
Plaque counts, virus on cell cultures, 
686, 857 
Plasma, collection from animals, 870 
Piasmid-mediated antibiotic resistance 
Listeria monocytogenes, 310 * 
Pseudomonas aeruginosa, 417 
Plasmid purification, 215-216 
Plasmids 
Chlamydia, 621 
Coxiella burnetii typing, 584 
Escherichia coli, 364 
Haemophilus influenzae, 454 
linearization, 218-219 
penicillinase-producing Neisseria 
Fonorrhoeae, 288 
polymerase chain reaction, 
Chlamydia, 628 
Staphylococcus aureus, 250 
Plasmid vectors, RNA probes, 
218-219 
Plasmodium, 733-734, 749 (Fig.) 
P. falciparum, 734 
species differentiation, thin blood 
films, 748 (Table) 
Plastic bags, disposal of cultures, 128 
Plastic-embedded tissue, DNA 
extraction, 211-212 
Plastics, enzyme immunoassay, 186 
Plastic tents, 44 
Plateau patterns, complement fixation 
tests, 199 


Plate counts, drinking water, 889-890, 


891 
Plate culture microscopes, 120 
Plate cyclers (thermal cyclers), 227 
Plate glass, slide agglutination, 180 
Plates, pouring, 99-100 
rooms for, 10 
Plate spot tests, urease, Ureaplasma, 
612 
Plating see Inoculation (seeding) 
Plating machines, 115 
Platinum wire, inoculating loops, 113 
Pleistophora, 735 
Plenum ventilation, 43 
Plesiomonas 
vs other aerobic Gram-negative 
bacilli, 362 (Table) 
P. shigelloides, 83, 408, 434 
ws Shigella, 411 
PLET medium (Kniseley), B 
anthracis, 323, 325-326 
Pleuropneumonia-like organisms, 591 
Pneumococcus see Streptococcus, S. 
pneumoniae 
Pneumocystis carinii, 736, 750 (Fig.) 
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antibiotic synergy, 175 
pneumonia, 62, 66 
Pneumonias, 275 
bacterial, 62-66 __—- “~ 
blood cultures, 64, 278 
community-acquired, Mycoplasma 
Jermentans, 595 
Haemophilus influenzae, 451 (T able) 
Pneumonic plague, 479, 482 
PNF medium, Streptococcus, 266, 270 
p-nitrophenyl phosphate, for antigen- 
capture EIA, 658 
p-nitrophenyl phosphate agar test, 
Staphylococcus, 257 
Polarizing fluorescence immunoassay, 
antibiotics, 17] . 
Poliomyelitis, 639, 652 (Table) 
Polychrome methylene blue, 796 
C. diphthenae, 299 
Polyester sponge method, Trichomonas 
vaginahs, 743 
Polyethylene glycol precipitation, RNA 
extraction, 213 
Polyhydric alcohols, 133 
Polymerase chain reaction, 148, 
207-208, 225-232 
Chlamydia, 624, 625, 628 
Coxiella burnetiu, 584—585 
DNA probes from products, 217 
hepatitis C, 641 
virus RNA, 235 
HIV infection, 642 
infective myopericarditis, 56 
inhibitors 
removal, 212-213 
test, 615 
licensing, 663-664 
Listeria, 313 
mucrobial detection assay, 228-231 
optimization, 229-230 
specificity, 230 
Mycoplasma, 593, 607 (Table), 608 
(Table), 609, 615-616 
M. pneumoniae, 597, 598-599 
screening cell cultures, 616 
pre-core mutant hepatitis B virus, 238 
product authenticity confirmation, 
230 
rickettsia, 577, 585 
Toxoplasma, 733 
Treponema pallidum, 552 
virology, 656, 663-664 
water tests, 890 
Polymicrobial tissue infections, 67 
Polymorphs, urine, 86-87 
Polymyxins 
B, susceptibility, Campylobacter, 438 
resistance, V, cholerae, 426 
selective buffered charcoal yeast 
extract agar, legionellaceae, 495 
sensitivity 
tesung, 158 
Vibno, 444 
Polyps, colon, 55 
Polysaccharides, 133 
staining, 806-807 


Polystyrene beads, enzyme | 
immunoassay, 185-186 ' 
Polystyrene mounting medium, 795 
Polyvinyl alcohol fixative,-faeces - - 
preservation, 740 
Pontiac fever, 489, 492 
Population sampling, 854-855 
Porous loads 
autoclaving, 818-819 
multipurpose autoclaves, 822-823 
testing, 831 
Porphyrins, Haemophilus, 449 
Porphyrin synthesis test, Kilian, q 
Haemophilus influenzae, 453, | 
463-464 
Porphyromonas, 503, 504, 516 (T able) 
identification, 513 (T able) 
P. asaccharolytica, fluorescence, 501 
penicillin sensitivity, 502 
selective medium, 508 
Portering services, 5 
Positive-displacement pipettes, 231, 
232 
Positive-displacement tip thermal 
cyclers, 227 


~ Postal regulations, 48, 332, 927 


Post-analytical phase, computerization, 
22, 29-31 
Post-antibiotic effect, 175-176 
Posterior bursa, hookworms, 766 
Post-mortem examinations, laboratory | 
animals, 871 | 
mice, B. anthracis diagnosis, 
_321-322 
Postnasal swabs, 60, 96 | 
Post-operative immunocompromise, 
91 
Post-operative sepsis, 66 
Potassium cyanide test, 144-145 
Potassium hydroxide, dimethyl! 
sulphoxide, superficial mycoves, 
specimens, 707, 712 
Potassium permanganate 
auramine-phenol stain, 339 
counterstain, fluorochrome stain, 
803 
safety cabinet disinfection, 833 
Potassium tellurite see Tellurite 
Potato dextrose agar, 704, 709, 716 
Tnchophyton spp., 706 
Potency assays, antisera, 861-862 
Poultry, foods from, 902 
Pouring see Plates, pouring 
Pour-plate method,-viable counts, 
849-850 
Pox viruses, staff immunization, 47 
Pragia fonuum, 374 (Table), 375 
Prawns, ready-cooked, 900-901 
Pre-analytical phase, computerization, 
. 22-23 
Precipitation test, Streptococcus, group 
A, 273 
Precipitin reaction, 857-858 
Pre-cooked foods, 902—904 
Pre-core mutant hepatitis B virus 
carners, 238-239 
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Pre-dried plugs, 126 
Pre-enrichment broth, Listeria 
monocytogenes, 313 
Prefreezing, 126 
Pregnancy 
infections, 91 | 
Listeria monocytogenes, 310, 311 
staff, 47 
Prehybridization solution, HBV DNA 
dot blot, 669-671 
Prematurity, Ureaplasma urealyncum, 
596 
Pre-reduced media, anaerobic cultures, 
Liv 
Presept Granules, 827 
Preservation 
clostridia, 529 
cultures, 124-128 
Leptospira, 560 
Preserved foods, 902-904 
Pressure, autoclaves, 816 
Pressure-cooker autoclaves, 820 
air removal, 818 
Pressure filtration, 825 - - 
Pressure gauges, autoclaves, 830 
Preston Campylobacter enrichment 
broth, 445 
Preston Campylobacter medium, 
444-445 
Preston & Morrell’s Gram method, 
799 
Preston & Morrell’s stain, 797 
Presumptive coliform counts see Total 
coliform counts 
Pre-term birth, 73 
Prevotella, 503, 504 
antibiotic resistance tests, 513 
(Table) 
identification, 512 (Table), 513 
(Table) 
P. bivia, fluorescence, 501 
P. melaninogenica, 50) 
penicillin resistance, 502 
selective medium, 508 
species characters, 515 (Table) 
Primary monolayer cell cultures, 675 
Primary purity plate, Salmonella, 395 
Primer sites, PCR microbial detection, 
228 
Printers, 29 
Priscilla strains, Coxiella burnetii, 584 
Probit analysis, quantal assay, 
protective potency, 862 
Probit transformation, dose-response 
curves, 861 
Procedure manuals, 650 
see also Laboratory manuals 
Prodigiosin, 371] 
Profile Index, 148 
Proglottids, cestodes, 759 
Project licences, Animals Act, 865 
Promastigvtes, Leishmania, 724 
Pronase, nucleic acid extraction from 
cultures, 214 
Propionibacterium 
vs Actinomyces, 347 (Table) 


identification, 513 (Table) 
P. acnes, 305 
Propylene glycol, Rambach’s agar, 386 
n-Propyl gallate, anti-fading agent, 788 
Prostatitis, 76 
urine specimens, 86 
Prostheses, infection, 92 
Prosthetic valves, endocarditis, 55 
Protease 
inhibition, enteritis necroticans, 539 
toxin activation, Clostridium 
botulinum, 543 
Protected animais, Animals Act, 865 
Protective potency, estimation, 
862-863 
Protein(s) 
cerebrospinal fluid, 80 
metabolism tests, 137-140 
Mycoplasma culture, 592 
Protein A, Staphylococcus, 258 
S. aureus, 245 : 
Proteinase K method, nucleic acid 
extraction, 211, 212, 214 
Protein-carrier conjugation, 
immunofluorescence, 785, 787 
Proteolytic clostridia, 521, 522 
Proteose peptone-yeast extract broth, 
508 
Proteus, 372-373 
antibiotic sensitivity testing, 157-158 
§-lactamase production, 168 
biochemistry, 363 (Table) 
P. mirabilis, 372 
Salmonella enrichment media, 387 
swarming, 362, 372 
triple sugar iron agar, 144 
Weil-Felix agglutination reaction, 
582 
on XLD agar, 386 
Proticins, 373 
Protocols, polymerase chain reaction, 
230-231 
Protoscolices, Echtnococcus granulosus, 
761 
Prototrophic Neisseria gonorrhoeae, 289 
Prototrophic Salmonella, 385 
Protozoa, 721—754 
water, 891 
Protozoology, 722-723 
Providencia, 372 (Table), 373 
biochemistry, 363 (Table) 
P. retigeri, triple sugar iron agar test, 
145 (Table) 
vs Shigella, 411 
on XLD agar, 386 
Prozone phenomenon 
agglutination tests, 151 
Brucella, 477 
cardiolipin antigen tests, syphilis, 553 
Pseudocolonies, vs Mycoplasma, 604 
Pseudocysts, Trypanosoma cruzi, 726 
Pseudomembranous colitis, 81, 83, 539 
Pseudomonas, 413-423 
chloroxylenol disinfectants, 827 
vs other aerobic Gram-negative 
bacilli, 362 (Table) 


P. aeruginosa, 413-418 
control strains, 154 (Table) 
drinking water, 884 
P. cepacia, 419-420, 421 
P. fluorescens, 413 
P. gladioli, 421 
P. mallei, 413, 418-419 
P. pseudomallei, 413, 418-419 
wrong identification (case), 421 
P. putida, 413 
P. stutzeri, 419 
pigment identification, 422-423 
species characters, 416 (Table) 
sputum culture, 65 
in Stewart’s arginine glucose 
medium, 422 (Table) 
Pseudomonas enrichment broth, 
421-422 
Pseudomonas isolation agar, 417, 422 
Pseudomycelium, yeasts, 700 
Pseudo reaction, Schick test, 302 
Pseudosel agar, 417 
Pseudotuberculosis 
laboratory diagnosis, 483 
sheep, 482 
Psittacosis, 621, 623 
serology, 629 
Psychrophiles, frozen foods, 898 
Puerperal infection, Clostridium 
perfringens toxins, 523 (Table) 
Pulmonary anthrax, 322 
Pulsed field electrophoresis, 223-224 
Puncture wounds, 49 
Purulent meningitis, 77 
CSF chemistry, 80 
Pus, 68-69 
actinomycosis, 69, 344—34 
Entamoeba histolytica, 730 
Mycobacterium, 332 ! 
Neisseria meningitidis, 287 
Salmonella, 398 ! 
Staphylococcus 
coagulase-negative, 252 
5. aureus, 249 
Pus cells, urine, 86-87 
PVA fixative see Polyvinyl alcohol 
fixative 
Pwo polymerase, 227 
Pyelonephritis, 84 
Escherichia coli, 364 
Pyocins (aeruginosins), 417 
Pyocyanin, 415, 418, 422-425 
Pyogenic bacteria, 67 
Pyogenic infections, Staphylococcus 
aureus, 245 
Pyomelanin, 415, 423 
Pyorubrin, 423 
Pyoverdin, 413, 415, 422-425 
PYRase test, 265, 269, 272 
Pyrazinamidase, Campylobacter, 438 
Pyrexia of unknown origin, 90-91 
Leptospira, 561 
PYR kit test (Wellcome), 269 
Pyrolysis mass spectrometry, 
Stenotrophomonas maltophilia, 
421 
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Pyrrolidony] peptidase, 265 
Enterococcus, 269 
see also PY Rase test 
Pyruvate-containing media, 333 
Pyruvate egg medium, 340 
Pyruvate fermentation, Streptococcus, 
271-272 
Pyuria, 86-87 


Q fever see Coxiella burnetii 
Quality assurance, 11-16 
virology, 649-650 
Quality Assurance Laboratory, 159 
Quality control, 12-13 
antibiotic sensitivity testing, 159 
culture media, 15-16, 111 
disinfectants, 826 
enzyme immunoassay, commercial 
systems, 184 
Modified New York City medium, 
294 | 
Neisseria diagnosis, 285 
PCR detection methods, 231 
testing procedures, 54 
Quality control officers, 16 . 
Quantal assay, protective potency, 
862-863 | 
Quantal response assays, viruses, 
687-688 
Quantification, 853-864 
viruses see Viruses, titration 
Quantitative assays, protective 
potency, 863 
Quantitative counts see Counts 
Quantitative culture 
Bacillus cereus, 324 
Lutena, 313 
streptococci, 57-58 
Quarter-strength Ringer’s solution, 
914 
Quaternary ammonium compounds, 
828 
Quellung reaction (Neufeld), 276, 
279-280 
Quick Gram method, 799 
Quick penicillin secretors, 550 
Quinolones 
Neisseria gonorrhoeae, resistance, 
288 
Pseudomonas aeruginosa, 417 
sensitivity testing, 156 (Table) 
Streptococcus pneumoniae, POM 
Epsilometer, 163 


4-Quinolones, concentration vs effect, 


177 


Rabbits, 867 (Table), 872-875 
blood from, 103 
Fusobacteria necrophorum, 502 
Leptospira, 561-562 
serum, Mycoplasma, 601-602 
Streptococcus pneumoniae, 277 
Treponema pallidum, 550 
Rabies, 652 (Table) 
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Radiation 
Chlamydia culture, 625 
sterilization, 813, 825 
Radioimmunoassay, 192, 858 , 
hepatius B surface antigen, 183 
Radioimmunoprecipitation tests, 192 
Radiolabelled RNA probe synthesis, 
219 
Radiolabelling cDNA probes, for 
ribotyping, 223 
Radiometric respirometry, 
Mycobacterium isolation, 334 
Radionuclides see '*Carbon 
Rahnella aquatilis, 374 (Table), 375 
Rambach’s agar, 386 
Ramon procedure, precipitin reaction, 
857-858 
Random amplification of polymorphic 
DNA, Listeria monocytogenes, 313 
Randomization, laboratory animals, 
868 
Randomized test plates, antibiotic 
assay, 172 
Random priming, DNA probe 
labelling, 217-218 
Ranges, indicator dyes, 836 
R antigens, Salmonella, 392 
Rant-Shepherd method, urine 
microscopy, 87 
Rapid API 20E system, 148 
Rapid carbohydrate utilization test 
CSF for Netsseria meningitidis, 286 
method, 295 
Neisseria gonorrhoeae, 288, 290 
Rapid diagnosis, viruses, 655-673 
Rapid diagnostic sera, Salnonella, 402 
RAPIDEC pylori kit, 440 
RAPIDEC staph kit (bioMérieux), 258 
Rapid Jatex slide agglutination test, 
Clostndtum difficile, 542 
Rapid microagglutination test, 
Legionella, 493, 494 
RapID NF Plus system, Pseudomonas, 
42) 
Rapid oxidase test, enterobacteriaceae, 
361 
Rapid plasma reagin test, syphilis, 
552-553 
Rapid presumptive test, C. diphtheriae, 
303 
Rappaport’s malachite green 
magnesium chloride broth, 387 
Rashes, 72 
Rat-bite fever 
Spinilum minus, 565 
Streptobacillus moniliformis, 461 
Rat fleas (Xenopsylla cheopsis), 479 
Rats, 867 (Table), 880-881 
plague diagnosis, 482 
Raw foods, 902-904 
Raw milk, 893 
Rayner’s method, preservation, 193 
RD cell cultures, 676 
Ready prepared media, 103 
Reception of specimens, 6, 48-49 
viruses, 646-647 


Receptor destroying enzyme, 202 

Records, media performance, 15-16 

Rectal biopsy, Entamoeba histolytica, 731 

Rectal snips, Schistosoma,774 -- --. - 

Rectal swabs, 394 

Rectal ulcer, biopsy, Entamoeba 
Arstolytica, 743 

Redox potentials see Oxidation- 
reduction potentials 

Réducing agents, 840 

anaerobic cultures, 117 


_ Reduviid bugs, Trypanosoma cruzi 


_  Menodiagnosis, 726 
Reference files see Coding lists 
Reference laboratories 

Bordetella, 470 
botulism, 544, 906 
Brucella, 475 
Clostridium perfringens, nae 
poisoning, 538-539 
disinfectant testing, 832 
Legionella, 494, 495 
Listeria, 312 
Mycoplasma, antisera, 605 
Neisseria gonorrhoeae, 291 
Neisseria meningitidis, 286-287 
protozoa immunology, 723 
Pseudomonas aeruginosa, 4) 8 
nckettsia, 587—588 

Yersima enterocolitca, 485 
Refrigerated centrifuges, 846 
Refngerators, 111, 125 

virus specimens, 645, 649 | 
Regulated procedures, Animals Act, 
865 
Reinforced clostridial agar, 530 
Reiter protein complement fixation - 
test, 554 
Reiter’s syndrome, Chlamydia, 622 
Rejection of specimens, 63 
Relapsing fever, 562 
laboratory diagnosis, 564 
Relative centrifugal force, 845 
Renal biopsy see Kidney tissue 
Renal failure, antibiotic assays, 170 
Reoviruses, haemagglutination- 
inhibition tests, 201 (Table) 
Repair chain reaction, 234-235 
Repli dishes, auxanograms, Candida, 
702 
Reports, 7-9 
antibiotic sensitivity, 157-158, 159 
blood cultures, 124 
computers, 9, 22, 649 
formats, 28-29 
gastrointestinal infections, 83 
quantification, 853 
throat swabs, 58 
validation, 28 
virology, 649 
wording, 7-8 . 
wound infections, 70-7] 
Requests 
computers, 17-18 
forms, 5-6 
. contaminated, 647 
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Requests (contd) 
virology, 644 
Resazurin, 107, 840 (Table) 
Research, 3, 648 
computers for, 31 
staffing, 4 
Resins, blood culture media, 121 
Resistance ratio method, sensitivity 
testing, Mycobactertum, 334 
Respiratory metabolism, continuous 
cell cultures, 676 
Respiratory syncytial virus, 59, 638 
immunofluorescence, 659, 671 (Fig.) 
infections, 652 (Table) 
Respiratory tract 
biopsy, virology, 667 
see also named organs 
Respiratory tract infections 
Haemophilus mfluenzae, 451 
lower, 62-66 
Mycoplasma, 593 
M. pneumoniae, 596-600 
Streptococcus pneumoniae, 275 
- - viruses, 637-638, 643 
immunofluorescence, 659-660 
see also Upper respiratory tract 
infections and named organs 
Respiratory viruses, commercial 
sources of EIA kits, 659 
Respirometry, radiometric, 
Mycobacterium isolation, 334 
Response times, computer systems, 23 
Restraint 
guinea-pigs, 875 
mice, 877 
rabbits, 872 
rats, 880 
Restriction digestion, 222-223 
Restriction endonuclease analysis 
Chlamydia psittaci, 623 
Leptospira, 562 
Restriction fragment length 
polymorphism analysis, 208, 
222-223 
Listeria monocytogenes, 313 
rickettsias, 577 
Restriction fragments, Escherichia coli, 
364 
Results see also Reports 
computer entry, 18 
internal computer checking, 26-26 
reading, 7 
Reticulate bodies, Chlamydia, 622 
Retortamonas intestinalis, 728, 750 
(Fig.) 
trophozoites, cysts, 746 (Table) 
Retro-orbital plexus, blood collection 
mice, 879 
rats, B80 
Retroviruses, nucleic acid sequence- 
based amplification, 235 
Reuter centrifugal air sampler, 909-910 
Reverse osmosis, 840 
Reverse passive latex agglutination, 
staphylococcal enterotoxin, food 
resting, 905 


Reverse transcriptase, 214 
for polymerase chain reaction, 208 
Reverse transcriptase-polymerase chain 
reaction, hepatitis C virus, 
239-240 
R forms, Streptococcus pneumoniae, 276 
Rhabditiform larvae, Strongyloides 
_ stercoralts, 766 
Rheumatic fever, anti-streptolysin-O 
titre, 58 
Rheumatoid factor 
Q fever, 584 
test, 580, 613-614 
Rhinitis, Aspergillus, 710 
Rhinoviruses, infections, 652 (Table) 
Rhodococcus, 354 
Rhodotorula, 701 
p-nitro benzoic acid sensitivity, 
Mycobacterium, 330 
Ribosomes, Mycoplasma, 591 
Ribotyping, 222 
Rice, Bacillus cereus isolation, 324 
Rice grains, Microsporum species 
separation, 704 
Richardson’s method, preservation, 
193, 194 
Rickettsia 
laboratory-acquired infection, 39 
newly-discovered species, 575 
R. tsutsugamushi, staining, 578 
Rickettsiaceae, 573-590 
antigen preparation, 579, 580 
antigens, antisera, SOUrCES, 587-588 
laboratory diagnosis, 576-588 
serology, 578-579 
Rickettsial endocarditis, 574 (Table), 
575 
Ricketrsialpox, 574 (Table) 
Rideal—-Walker coefficient, 
disinfectants, 832 
Rifampicin 
atypical pneumonia, 63 
Legionella pneumaphila, 491 
Neisseria meningitidis, 285 
sensitivity tests 
Neisseria meningitidis, 287 
preparations, 160 (Table) 
Rift Valley fever virus, 653 ( lable) 
Right iliac fossa syndrome, Yersinia 
pseudotuberculosis, 482 
Ringer’s solution, quarter-strength, 914 
Ring forms, Plasmodium falciparum, 734 
Ringworm, 703 
hair samples, 696-697 
Ripening, methylene blue, 796, 
807-808 
Risk assessments, laboratory, 11 
RK 13 cell cultures, 676 
RNA 
extraction, 213-214 
for polymerase chain reaction, 206 
RNA probes, preparation, 218-219 
RNA virus infections, 652-653 (T able) 
RNAzol extraction, 213 
ROB-1 f-lactamase, Haemophilus 
influenzae, 494 


Roberts et al, Haemophilus differential 
selective medium, 453, 463 
Robertson’s bullock-heart medium see 
Cooked meat broth 
Robinson’s medium, 741-743 
Entamoeba histolytica, 730-731 
Rochalimaea, 573, 574 (Table), 576. 
laboratory diagnosis, 585-586 
R. henselae, 67 


- Roche Septicheck blood culture 


system, 123 
Rocky Mountain spotted fever, 574 
(Table) 
Roller bottles, cell cultures, 680 
Romanowsky stains, 723, 807-809 
Rooms 
amplicon containment, 231-232 
disinfection, 828 
virus laboratories, 645 
Rosenow broth, 345 
Rostella, cestodes, 759 
Rostering, 648, 655 
Rotary seeding procedure, 115 
Rotations, staff, 9, 648 
Rotavirus 
antigen, commercial sources, 659 
enzyme immunoassay, 185, 188-189 
commercial kits, 183 
infections, 652 (Table) 
Rothia 
vs Actinomyces, 347 (Table) 
antibiotic sensitivity, 349 
infections, 344 
R. dentocariosa, 345, 348 (Table) 
Rotors, centrifuges, 846 
Rough colonies, Erysipelothrix 
rhusiopathiae, 314 
Rough strains, Salmonella, 385 
Roundworms (nernatodes), 764-768 
Routine sensitivity testing, 151-152 
Royal College of Pathologists, on 
quality of service, 14 
RPMI 1640 (cell culture medium), 
677, 691 
R protein, Streptococcus, 266 
Rubella, 72, 639-640, 653 (Table) 
haemagglutination-inhibition tests, 
201-203 
staff immunization, 47 
Rule-based systems, 27 
Ruminococcus, identification, 513 
(Table) 
Ryu’s stain, wet-mount flagellar stain, 
805 


Sabouraud’s medium, 698, 715-716 
Saccharolytic clostridia, 521-522 
Saccharomonospora viridis, farmer's 
lung, 354 
Saccharomyces, 701 
Saccharopolyspora rectivirgula, farmer's 
lung, 354 
Safety, 11 
acetone-fixed virology slides, 665 
animal injection, 870 
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Safety, 11 (contd) 
Aspergillus, 712 
autoclaving bottles, 819, 821, 822 
B. anthracis, 320 
Brucella, 475-476 
catalase test, 140-14] 
centrifuges, 846-847 
Coxiella burnetit, 583 
disinfectants, 50-51, 826 
disposal of cultures, 128-129 
ethylene oxide, 824 
formaldehyde, 823 
Gram stain, 797-798 
laboratory, 37-52 
Leptospira, 559 
Listeria monocytogenes, 907 
Mycobacterium, 331 
necropsy of infective animals, 872 
Neisseria meningitidis, 283-285 
selenite salts, 400 - 
specimen reception areas, 6 
viruses, 646-647 
staining methods, 793 
Strongyloides culture, 770 
laenia, 771 
Treponema pallidum, 551 
vesicle fluid collection, 664 
Zichl—Neelsen stain, 800 
see also Containment levels; 
Explosion risk; Hazard groups 
Safety cabinets, 43-46 
air filters, 825 
cell cultures, 679 
decontaminating cell lines from 
Mycoplasma, 609 
disinfection, 828, 833 
hazards, 40 
rooms for, 10 
viruses, 648-649 
Safety codes, published documents, 
40-41 
Safety Officers, 11, 48 
Safe Working and Prevention of 
Infection in Clinical 
Laboratories, 33] 
Safranin O. stain, faecal smears, 741 
Salines, 841-842 
animal experiments, 866 
sedimentction of faeces for 
helminths, 769 
Salmonella, 385-404 
Anatum, 392 
antigenic structure, 389—392 
biochemistry, 363 (Table) 
Choleraesuis, 390 
cross-reactions with Yersinia 
pseudotuberculasis, 483 
enteric fever strains, Widal test, 182 
fermentation tests, 133, 387-388 
food testing, 904 
Gallinarum, 390 
vs Hafnia, 371 
laboratory-acquired isficlion, 38 
laboratory diagnosis, 393-398 
Miami, 390 
Montevideo, biotyping, 393 
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Pullorum, 390 
S. enterica, 387 
sendai, 390 
vs Shigella, 411 ee 
skeletal infection, 68 
slide agglutination, cross reactions, 
180 
us Trabulsiella guamensts, 376 
triple sugar iron agar test, 145 (Table) 
Typhi 
ACDP document, 41 
antibiotic resistance, 393 
glycerol saline transport medium, 
110 
laboratory-acquired infection, 38 
phage typing, 393 
Typhisuis, 390 
viability, 393 
Vi antigen, 181, 390-391 
Salpingitis, 73 
Salt cooked meat brarh, 253 
Same-plate comparative disc diffusion 
tests, 152-158 
Samples see Specimens 
Sampling errors, 855 
Saponin broth, 109 
Sarcina ventricuh, 518 (Table) 
Sarcocysts, 732 
S. hominis, 732 
S. lindemanni, 732, 749 (Fig.) 
S. suithominis, 732 
specimens, 745 (Table) 
Satellitism, 452 
Saturated salt flotation, helminths, 
769 
Sausage rolls, 902 
Scalpels, 113 
Scarification, rabbits, 872 
Schaudinn’s fluid, 811 
faecal smears, 740 
Schick test, 301—302 
Schiff’s fuchsin-sulphite, 806 
Schistosoma, 761, 762, 773 (Table), 
774 (Table) 
eggs, 762, 775 (Fig.) 
rectal snips, 774 
S. haematobium 
urine filtration, 771 
urine for eggs, 758-759 
Schizonts, sporozoa, 732 
Scolices, cestodes, 759 
Scotochromogens, 329 
Screening 
aspergillosis, 711-712 
cell cultures, Mycoplasma, 616 
normal ws abnormal urines, 84-85 
syphilis, 554-555 
see also Septic screen, neonates 
Screw-capped bottles, 99 
Scrubs, surgical, 829 
Scrub ‘typhus, 574 (Table) 
Sea-foods 
Vibno parahaemolyticus, 428 
Vibno vulnificus, 429 
Searches, databases, 30 
Sebaceous cysts, anaerobic cocci, 506 





Second-line tests, antibiotic sensitivity, 

i > , 
Security, animal facilities, 866 
Sedimentation of faeces, helminths, - 

769 
Seeding see Inoculation 
Selective blood agar, for anaerobes, 

508 


, Selective buffered charcoal yeast 


extract agar, Legionellaceae, 495 
Selective enrichment broths, Listeria ! 
monocytogenes, 312 = 
Selective media, 100, 120 ae | 
sterilization, 99 
Selenite F broth, 387, 400-401 
Shigella, 406, 410 
Self-complementarity, primer 
sequences for PCR, 228-229 
Sellotape, perianal swabs, 81 
Semi-continuous cell cultures, 675 
Semi-logarithmic graph paper, 
antibiotic assay, 172 
Semi-quantitative urine culture, 87-88 | 
Semi-solid agar, 105, 145-146 | 
Leptospira, 560 
Sennetsu fever, 575 
Sensititre systems, 148 
antibiotic sensitivity testing, 163 
Sensitivity test agar, dehydrated, 103 
Septicaemia, 54-55 
Clostndium perfringens toxins, 523 
(Table) 
Pseudomonas aeruginosa, 414 
pyrexia of unknown origin, 90 
Rochalimaea henselae, 574 (Table) 
Staphylococcus aureus, 248 
Streptococcus agalactiae, 267 
Streptococcus pneumoniae, 275 
Septicaemic plague, 479, 481 | 
Septicheck blood culture system 
(Roche), 123 
Septic screen, neonates, 3) 1 
Septic shock, 54 
Septic spots, meningitis, 78 , . ® 
Sera, for Shigella, 411-412 AB 
Sereny test, enteroinvasive E. coli, 366 
Serodia myco 11 particle test, 
Mycoplasma pneumoniae, 600 
Serofast latex agglutination test, 
Mycoplasma pneumoniae, 600 
Serogrouping, Neisseria meningitidis, 
286, 287 
Serogroup-specific tests, Leptospira, 
562 
Serology, 179-204 
and fungi, 695, 703 
Leishmania, 725 
Streptococcus, classification, 263 
viruses, 637 
Serotyping 
Netssena gonorrhoeae, 289 
Pseudomonas aeruginosa, 418 
Serous fluids, containers, 96 
Serratia, 371 
B-lactamase production, 168 
S. ficaria, 371 


Serratia (contd) 
S. fonticola, 371 
S. marcescens, 371 
for Actinomyces cultures, 345 
biochemistry, 363 (Table) 
5. odortfera, 371 
Serum 
cell cultures, 678 
collection from animals, 870 
for culture media, 103 
Mycoplasma culture, 592, 601-602 
from patient, agglutination tests, 
182-183, 184 
solidified, 100 
sterility testing, 680 
Serum agar, 106 
Serum bactericidal activity, 169-170 
Serum broth, 106 
Serum controls, complement fixation 
tests, 196 
Serum dextrose agar, Brucella, 476 
Serum-free agar sugars, 295 
Serum-free sugar medium, 306-307 
Serum opacity factor, 265 
Serum peptone water, 105-106 
Serum peptone water fermentation 
media, 134-135 
Settle plates, 908 
Sewer swabs, 892 
Sexual abuse, Chlamydia, 626 
Sexually transmissible diseases 
Chlamydia, 622-623 
see also named diseases 
S forms, Streptococcus pneumoniae, 276 
Shadowing, data storage, 19 
Shake cultures, 115 
Shaking, aerosol, 40 
‘Sharps’ (for disposal), 40, 49, 50 
Sheather’s sucrose flotation method, 
743 
Shedding, asymptomatic, herpes 
simplex virus, 641-642 
Sheep, pseudotuberculosis, 482 
Sheep erythrocytes 
complement frxation tests, 193, 
194-196 
for indirect haemagglutination for 
M. pneumoniae-specific IgM, 
614 
Sheep serum, for Robinson’s medium, 
742 
Shelf life 
culture plates, 111 
disinfectants, 826 
Shellfish, 903 
Shell-freezing, Rickettsia specimens, 
577 
Shiga-like toxin, 366 
Shigella, 405-412 
biochemistry, 363 (Table) 
deoxycholate-citrate agar (Leifson), 
386 
dysentery, laboratory diagnosis, 
409-411 
laboratory-acquired infection, 38 
primary tests, 396 (Table) 


S. boyd, 408 
S. dysenteriae, ACDP document, 41 
S. flexneri, 406-408 
S. sonnei, 408 
colicin typing, 412 
phage typing, 409 
secondary tests, 397 (Table) 
triple sugar iron agar test, 145 
(Table) : 
xylose lysine deoxycholate agar 
(Taylor), 386, 405 
Shingles see Herpes zoster 
Shock, bacteraemic, 54 
Shrimps, ready-cooked, 900-901 
Shunts, CSF-venous, 77 
SHV B-lactamases, 169 
Siberian tick typhus, 574 (Table) 
Signal Blood Culture System, 123 
Signatures, on reports, 8 
‘Significant bacteriuria’, 84, 85 
Sica gel method, DNA extraction, 211 
Silicone fluid, technique for 
Trypanosoma brucei, 727 
Silver impregnation, Leptospira, 560 
Silver methenamine staining, 
Pneumocystis carinii, 736, 745 
Simian herpesvirus B, hazard, 40 
Simmons’ citrate medium, 137 
Serrana, 371 
Simple opacity standards, 851-852 
Single-factor antisera, Salmonella, 389 
Single radial diffusion, antigen assay, 
858 
Sinusitis, 57, 60 
Skimmed milk, 144 
for freeze-drying, 126 
Skin 
contaminants, blood cultures, 55 
disinfection, 50, 828-829 
methicillin-resistant Staphylococcus 
aureus, swabs, 249 
mycology, specimens, 696-697 
Onchocerca volvulus, snips, 768, 
772-773 
septic spots, meningitis, 78 
Staphylococcus, 246 
viruses, 67 
specimens, 664 
Skin test, Y. pseudotuberculosis, 483 
Skirrow’s Campylobacter medium, 
440, 444 
Slants see Slopes 
Sleeping sickness, African, 727 
Slide agglutination, 179-180 
Haemophilus influenzae, 453 - 
Leptospira, 562, 568-569 
Shigella, 410 
Streptococcus, group A, 273 
Slide agglutination tests 
Bordetella pertussis, 469-470 
Salmonella, 395, 396-397 
Slide coagulase test, Staphylococcus, 255 
Slide counting chambers, 848-849 
Slides 
albuminized, 811 
cleaning for films, 794. 
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Slime, India ink staining, 804 


Slit samplers, air, 908-909 
Slopes, 99 
inoculation, 115 
Sloppy agar medium, Mycoplasma, 611 
Slot blot techniques, 209, 219 
Small intestine, helminths, 773 (Table) 
Smallpox, 72 
Smears 
eye infections, 61 
gonorrhoea, 74 
sputum, 65 
SM-ID agar, Salmonella, 387 
Smooth colonies, Erysipelothrix 
rhusiopathiae, 314 
Snails, Schtstosoma, 762 
Soaps, and disinfectants, 826 
Soda glass, cell cultures, 680 
Sodium aurothiomalate, vs 
Mycoplasma, 609 
Sodium azide, 886, 912 
Sodium bicarbonate solution, 691 
Sodium carbonate, for anaerobic 
, -bacteria, 507 
Sodium chloride 
Enterococcus, 269, 271 
methicillin resistance, 153 
Staphylococcus aureus, 246 
culture, 249 
Vibrio, 425, 443-444 
V. parahaemolyticus, 428 
Sodium dichloroisocyanurate, 51 
Sodium dodecyl sulphate, 355 
Sodium hydroxide 
isolation of mycobacteria, 333, 337 
on sputum for tuberculosis, i21 
Sodium lauryl sulphate, 173 
Sodium perborate, enzyme 
immunoassay, 187 
Sodium polyanethol, 173 
Soft tissue infections, 67 
Software (term), 19 
Soil, B. anthracis isolation, 322-323 
Sole carbon sources, oxidative 
actinomycetes, 358 
Solidified serum, 100 
Solidifying points, agar, 101 
Solid media, 97-98 
distribution, 99 
Solid-phase technology 
nucleic acid work, 241 
radioimmunoassay, 192 
support for enzyme immunoassay, 
185-186, 657 
Soluble antigen, rickettsia, 579 
Soluble haemagglutinin, tube test, 147 
Sorbitol MacConkey agar, 380-5381 
Southern-blot hybridization, 21 
Leptospira, 562 
Pseudomonas aeruginosa, 418 
Southern transfer, 219-220 
PCR, 230 
SP-4 medium, Mycoplasma 
pneumoniae, 598, 611-612 
Spain, meningitis, Haemophilus 
influenzae, 454 
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Sparganum, 760 
Specific-pathogen-free animals, 
867-868 
Specific soluble substance, . __- 
Streptococcus pneumoniae, 276 
Specimens 
actinomycosis, 344—346 
anaerobic Gram-negative rods, 505 
from animals, 870 
bone marrow, 871 
see also Blood, collection from 
animals 
blood cultures, 121 ~ 
cerebrospinal fluid, 77-78 
Chlamydia, 624-625 
for immunofluorescence, 627 
collection, 95-100 
safety, 48 
vesicle fluid, 664 
water supplies, 884 
gas gangrene, 527 
Haemophilus influenzae, 452 
herpetic whitlows, 664 
influenza, 637 
molluscum contagiosum, 664 
Mycobacterium, 332 
mycology, 696-697 
Mycoplasma 
genital] tract and neonates, 600 
M. pneumoniae diagnosis, 598 
nucleic acid techniques, 207, 
211-216 
ophthalmic viruses, 665-667 
orf, 664 
protozoa, intestinal infections, 745 
(Table) 
reception, 6, 48-49 
viruses, 646-647 
rejection, 63 
Rickettsia, 577-578 
Salmonella, 394 
Staphylococcus aureus, 249 
Taenia eggs, 770 
tissue infections, 68 
transport, 5 
hazards, 40, 48—49 
urine, 86 
virology, 643-645, 664-668 
culture, 683-684 
Spectinomycin resistance, Neissena 
gonorrhoeae, 288, 289 
Spectrophotometers, 848 
Sphingomyelinase, enhanced 
haemolysis agar, 312 
Spillage kits, 647 
Spillages, 49 
disinfection, 826-828 
Spinillum, 559, 565 
S. minus, 565 
rat-bite fever, 46] 
Spirochaetes 
intestinal, 549 
staining, 809-810 
see also Treponema, etc. 
Sptrometra, 774 (Table) 
sparganum, 760 
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Spiroplasmas, 591 
Spleen aspirates, protozoa, 737 
Splenectomy, infections after, 91 
Spores 
Bacillus, 317 
B. anthracis, killing, 320 
bacterial, staining, 804 
Clostridium, 521 
C. botulinum, 544 
C. perfringens, food, 537 
CG. tetant, 528 
D value, Z value, 831 
glutaraldehyde, 827 
lipid/spore stain, 806 
Sporoactinomycetes, farmer’s lung, 
354 
Sporozoa, 722, 732-736 
Sporozoites, sporozoa, 732 
Sporulation media, Clostridium, 
529-530 
C. perfringens, 522 . 
Spotted fever group, rickettsias, 573, 
574 (Table) 
Spotted fevers, 575 
laboratory diagnosis, 585 
Spreaders, 115 
Spreading method, surface viable 
counts, 850 
Spreading organisms 
firm agar, 105 
inhibition, 69 
Sputolysin, 211, 598 
Sputum, 63. 
aspergillosis; 711, 712 
containers, 96 — 
Haemophilus influenzae, 452 
helminths, 759, 773-774 
moculating wires, 113 
Mycobacterium, 332 
mycology, 697 
Mycoplasma pneumoniae diagnosis, 
598 
nocardiosis, 350 
nucleic acid studies, 211 
Paragonimus westermanii, 764 
routine examinations, 64 
Streptococcus pneumoniae, 277-278 
tuberculosis, selection treatment, 121 
Stab cultures, 115 
B. anthracis, 322 
motility, 145-146 
‘Stabilate’ concept, 125 
Stabilized moving-boundary 
centrifugation,: 847 
Stably derepressed mutants, 168 
Staff, 4 
computers, 32 
employment, 47 
immunization, 11, 47 
QO fever, 577 
meetings, 6-7 
rotations, 9, 648 
Stage graticules, micrometry, 758 
Staining 
faecal samples, 740 
films, 794-795 


methods, 793-812 
tissue sections, 795 
Staining trays, protozoa, 751 (Fig.) 
Standard agglutination test; Brucella, - 
477 
Standard deviation, 854 
Standard error of the mean, 856 
Standard hydrogen electrode, 840 
(Table) 
Standardization of antigen and 
antisera, complement fixation 
tests, 198—200 
Standard loop method, urine culture, 
88 
Standard operating procedures, 9-10 
Standard oxygen electrode, 840 
(Table) 
Standards 
air contamination, 910 
autoclaves, 816 
bioassays, World Health 
Organization, 854 
water quality, 891 
see also British Standards 
Standard solid medium, Mycoplasma, 
610 
Staphaurex (Murex), 255 
Staphylase (Unipath), 255 
Staphylococcal enterocolitis, 82-83 
Staphylococcus, 245-261 
B-lysin, CAMP test, 271 
coagglutination, Haemophilus 
influenzae, 452 
coagulase-negative, blood cultures, 
124, 251 
penicillin resistance, 158 
pus, 68-69 
S. aureus, 245, 246-250 
in air, 910 
-lactamase production tests, 168 
bound coagulase, 255 
on CLED medium, 380 
control strains, 154 (Table) 
endocarditis, 55 
faeces cultures, 82 
food testing, 904-905 
genomic DNA extraction, 215 
Haemophilus influenzae culture, 452 
methicillin resistance, control 
Strain, 153-154 
phosphatase, 257 . 
pneumonia, 62 
soit tissue infections, 67 
sticky eye, 61 
S. epidermidis, 250, 251 
phosphatase, 257 
urine, 255 
S. haemolyticus, 250 
teicoplanin resistance, 250 
5. mlermedius, 246, 250, 25] 
S. lugdunensis, 250, 251 
omithine decarboxylase test, 257 
S. saprophyticus, 250, 251 
on CLED medium, 380 
novobiocin sensitivity, 254-255 
S. warneri, 251 


Staphylococcus (contd) 
S. xylosus, phosphatase, 257 
species characters, 247 (Table) 
vs Streptococcus, microscopy, 69 
urine, identification, 89 
Staphyslide (Unipath), 255 
Starch 
for anaerobes, 509 
hydrolysis, Legionella, 496 
solution, 133 
for B-lactamase production tests, 
167 
Starch medium, 306 
Starter cultures, anaerobic, 117 
Statistical analysis, poor.design, 30 
Steam, condensation, 817 
Steaming (100°C), 98, 815, 830 
Steam supplies, autoclaves, 818 
Steiner & Steiner, Warthin-Starry 
silver impregnation, Leptospira, 
560 i 
Stenotrophomonas, 420-421 
S. maltophilia, 413, 416 (Table), 421 
in Stewart’s arginine glucose 
medium, 422 (Table) 
Sterile milk, Willis & Hobbs medium, 
533 
Sterile pyuria, 86 
Sterility, media testing, 15 
Sterility testing, 680-681 
Sterilization, 813-834 
animal feed, 868 
culture media, 98-99 
for disposal, 128 
Hiss’s serum sugar media, 306 
inoculating wires, 113 
pipettes, 843 
swabs, 96 
test carbohydrates, 132 
virology, 649 
Sterilized milk, 893 
turbidity test, §95 
Sterilizing filters, 824-825 
Steroids, on immunity, 92 
Stevens-Johnson syndrome, 
Mycoplasma, 593 
Stewart's arginine glucose medium, 
418, 421, 422 
Sticky eye, 61 
Stoffel fragment, Tag polymerase, 227 
Stokes’ law, 845 
Stoll dilution egg counting, 770 
Stomatitis, 60 
Stomatococcus, 245, 246, 252 
ws Staphylococcus, 254 
Stoppering of tubes, hazards, 40 
Storage 
cell culture media, 677 
cell cultures, 682 
Chlamydia, 625 
clostridia, 529 
complement, 193 
culrure media, 110-111 
cultures, 124-128 
enzyme immunoassay plates, 186 
Giemsa’s stain, 772 


mycology specimens, 696-6097 
Mycoplasma, 603 
Storage media, 109 
Store rooms, 10 
Stormy clot, 143, 523, 887 
Strand-displacement amplification, 
232, 233, 235, 24) 
Strauss reaction, 419 
Streptavidin, 859 
for antigen-capture EIA, 658 
Screptex (Wellcome), 266 — 
Streptobacillus moniliformis, 460 
(Table), 461 
Streptococcus, 263-274 
faecal, drinking water, 884, 
886-887, 889, 890 
group A, typing, 267, 272-273 
group B, selective medium, 270 
group C and G, 267 
group D, 269 
pyruvate fermentation, 271-272 
see also Enterococcus 
haemolytic, horse flesh digest broth, 
105 
identification, 513 (Table) 
laboratory-acquired infection, 39 
non-haemolytic, 267-268 
pharyngitis, 57-58 
S. agalactiae, 266, 267 
S. bovis, 269 
group D, endocarditis, 55 
. equinus, 269 
. millen, 268 
mitior, 268 
. mitts, 268 
. mutans, 268 
oralis, 268 
pneumoniae, 275-281 
vs Haemophilus influenzae, 453 
mice, 12] 
vs non-haemolytic spp, 268 
optimum pH, 835 
quinolones, PDM Epsilometer, 
163 
S, pyogenes, 263, 264-267 
in air, 910 
vs Haemophilus haemolyticus, 455 
MacConkey agar, inhibition, 69 
pus, 69 
soft tissue infections, 67 
5. salvartus, 268 
S. sanguis, 268 
vs Staphylococcus, microscopy, 69 
viridans types, 263, 267-268 
endocarditis, 55 
vs S. pneumoniae, 276 (Table), 
278-279 s 
saponin broth, 109 
Streptokinase, 265 
Streptolysins, 263 
QO, 265 
S, 265 
Streptomyces, 353 (Table) 
infections, 350 
S. anulatus, actinomycetoma, 350 
S. somaliensis, 349 
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granules, 350 (Table) 
species identification, 352 
Streptomycetes, culture, 351 
Streptomycin 
B. anthracis, 320 
dermatophyte isolation, 709 
Yersinia pestis, 481 
Strippings see Adhesive tape, skin 
specimens 
Strip test, methicillin resistance, 253 
Strobilae, cestodes, 759 
Strongyloides, 773 (Table), 774 (Table) 
culture, 770 
S. fuelleborm, 766 
S. stercoralis, 766 
larvae, 776 (Fig.) 
Struck (sheep), Clostridium perfringens . 
toxins, 523 (Table) 
Stuart’s transport medium, 110 
Styes, 62 
Subacute appendicitis see Right iliac 
fossa syndrome 
Subacute infective endocarditis, 55 
Subcultures, 71 
blood cultures, 122—123 
cell culrures, 681 
disadvantages, 125 
Mycoplasma, 603 
Subcutaneous injections 
guinea-pigs, 875 
rabbits, 873 
rats, 880 
Subcutaneous tissue, helminths, 773 
(Table) 
Subcutaneous transponders, laboratory 
animals, 868 | 
Sublimation, for freeze-drying, 126 , 
Subperiodic filarial worms, Pacific 
region, 767 
Sub-sets see Tree-based coding systems 
Subtypes, Neissena meningitidis, 286 


Sucrose 
assimilation, Candida identification, 
700, 701-702 


fermentation, Shigella, 406 
Haemophilus influenzae, vs H. 
parainfluenzae, 453 
Sucrose-fermenting vibrios, 426 
thiosulphate citrate bile-salts sucrose 
agar, 443 
Sucrose phosphate saline, Chlamydia, 
625, 629 
Sucrose-T ris, 215 
Suction catheters, specimens for 
whooping cough, 469 
Suction manifolds, immunofiltration, 
660 
Sudan black B, 806 
Bacillus, 317 
Sugar assimilation agar, 716 
Sugar fermentation medium, 717 
Sugars see Carbohydrate fermentation 
Suicide phenomenon, Aeromonas, 
432-433 
Sulphamethoxazole 
double disc tests, 175 
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Suiphamethoxazole (contd) 
proportion in co-trimoxazole, 
165-166 
Sulphite-reducing clostridia, drinking 
water, 884, 887, 889 
Sulphite wash, PAS method, 806 
Sulphonamides 
inactivation, 173 
sensitivity test, Netsseria meningitidis, 
287 
Yersinia pestis, 481 
Sulphur granules, 343, 344-345 
Sulphuric acid 
hazard, 793 
Ziehl—-Neelsen stain, 338, 801 
Superantigens, Kawasaki disease, 56 
Superconjugation, 
immunofluorescence, 787 
Superficial mycoses, 703-710 © 
Superheated steam, 818 
Suprapubic stabs, 86 
Surface growth on broth, yeasts,'701 
Surfaces, disinfection, 826-828 
Surface viable counts, 850 
Surgery, virology specimens, 667—668 
Surgical scrubs, 829 
Surgical sepsis, 66 
Surveillance, environmental, 
Pseudomonas cepacia, 420 
‘Susa’ fixative, 811 
Suspending media, for freeze-drying, 
126-127 
Suspension and dilution fluids, 
840-842 
Swab kits, 97 
Swabs, 96 
anaerobic Gram-negative rods, 505 
Chlamydia, 624-625 
diphtheria, 302 
Mycobacterium, 332 
mycology, 697, 698, 699 
Neisseria gonorrhoeae, 110 
Salmonella, 395 
Staphylococcus aureus, 249 
virus culture, 683 
whooping cough, 468-469 
Swarming 
anaerobic plates, control, 531 
Proteus, 362, 372 
antibiotic sensitivity testing, 
157-158 
welling reaction (Neufeld), 276, 
279-280 
Swimming, Naeglena fowler, 731 
Swimming pool granuloma, 336 
Swimming pools, 892 
Swine see Pigs 
Swing-out rotors, centrifuges, 846 
Synergistic effects, 173, 174 
Synthetic media, 100-101 
Syphilis, 549-557 
epidemiology, 551 
exclusion, 76 
exudates, 69 
serology, 552-554 
treatment, effect on serology, 555 
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Syringe filters, 825 
Syringes, 50 
animal injections, 870 
hazards, 40 


T7 RNA polymerase promoter 
sequence, nucleic acid 
sequence-based amplification, 
235 

Taenia 

eggs, 775 (Fig.) , 
India ink injection method, 771 
perianal egg collection, 770 
I. saginata, 759-760, 773 (Table), 
774 (Table), 776 (Fig.) 
uterine branches, 771 
T. solium, 760, 773 (Table), 774 
(Table), 776 (Fig.)- ! 
uterine branches, 771 

Tannic acid, gelatin liquefaction test, 
138 

‘Tapeworms (cestodes), 759-761 

Tag polymerase, 227 

Target generation, strand-displacement 
ampltfication, 235 

Tarozzi medium, 345 

‘Tartrate fermentation, 133 

d-Tartrate fermentation, Salmonella, 
388, 401 

Tatlockia, 489 

Tatumella ptyseos, 374 (T able), 375 

Taurocholate 

for Clostridium difficile, 542 
MacConkey agar, 108 

Taurocholate peptone medium, Vibrio, 
442 

‘Taylor’s xylose lysine deoxycholate agar 

recipe, 400 
Salmonella, 386 

‘Tazobactam, sensitivity testing, 166 

Tbilisi phages, Brucella, 474-475 

Technical staff, 4, 5 

Teichoic acids 

antibody measurement, 248 

Staphylococcus, 245 
Teicoplanin 

resistance, Staphylococcus 

haemolytucus, 250 

sensitivity testing, 157 (Table) 

Staphylococcus aureus, 248 
Tellurite, C. diphtheriae, 299-300 
Tellurite blood agar, 305-306 

C. diphtheriae on, 303 

Tellurite taurocholate gelatin agar 

(Monsur), 443 
TEM f-lactamases, 169 
enterobacteriaceae, 377 
Haemophilus influenzae, 454 
‘Temperature cyclers, 227 
Temperatures 
agglutination tests, 180 
autoclaves, 816 
Bacillus, 318 
Campylobacter, 445 
centrifuges, 846 


dermatophytes, 709 
Enterococcus, 271 
incubation, 15, 116, 120 
Mycobacterium, 330 - 
Mycoplasma, 592 
Salmonella, 387 
TEN (solvent solution), 217 
Tents, plastic, 44 
Terbinafine, 714 
Terminals, 19 
Tests 
of computer systems, 33 
laboratory policy, 7 
see also Reports; Results 
Test soils, washer disinfectors, 830 
Tetanolysin, 528 
Tetanospasmin, 527, 528 
Tetanus, 527 
antitoxin, clostridia cultures, 531 
immunoglobulin, assay, 861 
laboratory diagnosis, 528-529 
Tetracycline 
preparations for sensitivity tests, 160 
(Table) 
relapsing fever, 563 
resistance 
Haemophilus influenzae, 454 
Neissena gonorrhoeae, 288, 291 
Salmonella, 393 
sensitivity tests, 155 
Yersinia pestis, 481 
Tetracyclines 
8. anthracis, 320 
Campylobacter, 436 
pH, 153 
Tetramethyl-p-phenylene-diamine, 
oxidase test, 141 
‘Tetramethyl rhodamine isothiocyanate, 
782 (Table) 
Tetrathionate broth, 387, 401 
Tetrazolium chloride, 146 
Tetrazolium reduction, Mycoplasma, 
612-613 
Texas red, 782 (Table) 
Thallium salts, Mycoplasma, 592 
Thawing, frozen cell cultures, 682-683 
Thayer-Martin medium, Netssena 
gonorrhoeae, 287, 290 
Thermal cyclers, 227 
Thermized milk, 893 
Thermonuclease test see Heat-stable 
nuclease test 
Thermophilic Campylobacter, 435-437 
Thermotolerant coliforms, 883, 886 
Theta toxin, Clostridium perfringens, 524 
Thick films, protozoa, 738 
Thin films, protozoa, 737-738, 751 
(Fig.) 
Thioglycollate medium, 107-108, 508 
blood cultures, 109 
Thionin tolerance, Brucella, 477 
Thiosulphate 
solution for tetrathionate broth, 401 
water sample collection, 884 
Thiosulphate citrate bile-salts sucrose 
agar, 426, 442-443 
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Threadworm ova, $pecimens, 81 | 
Three plus three quantal assays, 862 
Three-step alkali lysis method, 
genomic DNA extraction, 
215-216 
Threonine, conversion to propionate, 
gas chromatography, 510 
Throat 
flora, antibiotics, 57 
Haemophilus influenzae, 451 
swabs, 57-58 
GC. diphtheriae, 302 
Mycoplasma pneumoniae diagnosis, 
598 
negative reports, 8 
Neisseria meningitidis, 286 
viruses, 644 7 
washings, 96 
Thrombophlebitis, infective, 56 
Thrush see Candida 
Thymidine, 173 
Thymidine phosphorylase, 153 
Thymol blue, 836 (Table) 
Thymolphthalein, 836 (Table) 
Ticarcillin, sensitivity testing, 156 
(Table), 166 
Tick-borne relapsing fever, 562, 
563-564 
Ticks 
Borrelia diagnosis, 564 
Borrelia duttonu culture, 563 
Lone Star tick, 576 
see also Ixodes 
Tile test, fimbrial haemagglutinin, 147 
Tinsdale’s medium, 300, 303, 306 
Tisserella 
identification, 513 (Table) 
T. praeacuta, 504, 516 (Table) 
Tissue culture infective doses, 657, 
687 
Tissue cultures, 676-677 
Tissue homogenates, adsorption, 
immunofluorescence, 787 
Tissue homogenizers, Mycobacterium, 
safety, 331, 338 
Tissue protozoa, 722-723, 737-740 
‘Tissue samples 
aspirates, protozoa, 737 
Enterocytozoon bieneust, 735 
fixation and embedding, 810-811 
mucosal, gastric antrum, Helicobacter 
pylori, 439-440 
Mycobacterium, 332, 338 
mycology, 699 
Mycoplasma pneurmomae, 598 
rectal ulcer, Entamoeba histolytica, 
743 
suspensions, injection into animals, 
869-870 
Treponema palhdum, 552 
virology, 667-668 
viruses, 661 
yeast infections, 698 
Titration, complement fixation tests, 
196-197 
‘Titres, agglutination, 180 


‘T lymphocytes 


defective, infections from, 92 
Kawasaki disease, 56 
tests, 93 
TMB, enzyme immunoassay, 187 
T,,, of oligonucleotide hybrids (30-70 
base pairs), 220 
T,, of RNA:RNA hybrids, 221 
T mycoplasmas see Ureaplasma 


' 'TnA transposon, Haemophilus 


influenzae, 454 
Tobramycin, preparations for 
sensitivity tests, 160 (Table) 
Todd Hewitt meat infusion broth, 107 
Togavirus, haemagglutination- 
inhibition tests, 201 (Table) 
Toilet spirit, 795 
Tolerance, to antibiotics, 248 
Enterococcus, 269 
‘Tolerance tests 
anaerobes, 510-511 
contro] strains, 519 (Table) 
Toluene, Actinomyces isolation, 346 


~~ Toluidirie blue agar, 256 


‘Toluidine red unheated serum test, 553 
Topical antibiotics, enterobacteriaceae, 
377 
Topical antifungals, 713 
Torricelli units, 830 
Torulopsis glabrata, fruconazole 
resistance, 714 
Total bacteria counts, 848-849 
Total coliform counts, water, 883, 885 
by filtration, 888 
Total nitrogen, cultures, 850 
Toxic shock syndrome, 74 
Staphylococcus aureus, 248-249 
Toxic vapours, disinfectants, 826 
Toxigenicity, C. diphthenae, 301 
‘Toxin-mediated illnesses, 
Staphylococcus aureus, 248 
‘Toxins 
B. anthracis, 320 
Glostridium 
C. borulinum, 543-544, 906 
detection, 544-545 
C. difficile, 541, 546 
C. perfringens, 82, 523-524, 539 
C. sepuicum, 525 
C. tetam, 528 
diphtheria, 301 
erythrogenic, Streplococcus pyogenes, 
265 
Shiga-like, 366 
toxic shock toxin, Staphylococcus, 258 
Yersinia enterocolitica, 484 
see also Enterotoxins 
Toxocara, 767, 773 (Table), 774 
(Table) 
Toxoplasma, 733, 749 (Fig.) 
T. gondi, staff pregnancy, 47 
Tox" phage, C. diphtheriae, 301 © 
TPHA index, neurosyphilhis, 556 
T protein, Srreptococcus, 266 
Trabulsiella guamensis, 376 
Trachoma, 61, 622 
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safety, 47-48 
Transgrow transport system, Neissena 
gonorrhoeae, 290 
Transmission, Clostridium difficile, 539, 
541 
Transplacental infection 
Q fever, 575 
Toxoplasma, 733 
Transponders, subcutaneous, 
laboratory animals, 868 
Transportable autoclaves, 820 
testing, 830 
Transport media, 96-97, 100, 
109-110 
actinomycosis, 344 
alkaline salt, Vibrio, 442 
Chlamydia, 625, 629 
Trichomonas vaginalts, 729 
V. cholerae, 427 
Transport of specimens 
mycology, 696-697 
Neisseria gonorrhoeae, 289-290 
Rickettsia, 578 
virology, 644-645, 683 
Transtracheal aspiration, 64 
Trauma, infection suscepubility, 91 
Traveller’s diarrhoea, 81 
Tree-based coding systems, 25-26 
Trehalose mannitol phosphatase agar, 
Staphylococcus, 257 
Trematodes, 761—764 
Trench fever, 574 (Table), 575 
Treponema, 549-557 
identification, 513 (Table) 
T. carateum, 549 
T. pallidum, 549-557 
haemagglutination assay, 553, 
554, 555 
immobilization test, 554 
T. phagedenis, 550 | 
T. refringens, 550 | 
Tributyrin hydrolysis (tests), 140 
Serratia, 371 
Trichinella, 773 (Table), 774 (Table) 
T. spiralis, 766-767 
larvae, 776 (Fig.) 
muscle biopsy digestion, 771 
Trichomonas, 729-730 
specimens, 74 
T. vaginalis, 729-730, 750 (Fig.) 
modified CPLM medium, 
743-744 
polyester sponge method, 743 
Trichophyton, 703-704 
T. mentagrophytes, 705 (Table), 706 
T. rubrum, 705 (Table), 706 
T. tonsurans, 705 (Table), 706 
T. verrucosum, 705 (Table), 706, 
. 708 (Table), 709 
T. violaceum, 705 (Table), 707 
Trichosporon, arthrospores, 701 
Trichrome stain, faecal smears, 741 
Trichuris, 773 (Table), 774 (Table) 
eggs, 775 (Fig.) 
T. trichiuria, 765 
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Trimethoprim sputum, selection treatment, 12] see also named organs - ae 


concentration vs effect, 177 
co-trimoxazole, p Portion in, 
165-166 -'-!- += 
double disc tests, 175 
enterobacteriaceae, 377 
inactivation, 173. 
Listeria monocytogenes, 310 
urine culture sensitivity, 90 
Triple decarboxylase negative 
enterobacteriacege, 374 (Table) 
Triple sugar iron agar, for hydrogen 
sulphide production, 144 
Trisaccharide, 133 ) 
Tris (hydroxymethyl) aminomethane 
» 838,839. 
Trismus, tetanus,527 
Trisodium Phosphate, on sputum for 
tuberculosis, 12] ; 
Trophozoites, intestinal Protozoa, 746 
(Table). - + : 
Trough levels, serum assays, 170 
Truth tables, expert systems, 27 
Trypan blue solution, 69] 
Trypanosoma, 749 (Fig.) 
I. brucei, 722, 727-728 
miniature anion-exchange 
centrifugation, 726, 727, 
738~739, 75] (Fig.) 
I. cruzi, 725-727 
diphasic media, 739-740 
T. rangeli, 727 
Trypanosome chancre, 727 | 
Trypomastigotes 
Trypanosoma cruzi, 726 
Trypanosoma rangeli, 727 
Trypsin 
Clostridium botulinum, toxin 
detection, 544 
Francis inhibitor removal, 202 
testing activity, 69] 
Trypsin-EDTA solutian, 69] 
rypsinization 
LLC-MK2 cells, 684-686 
MDCK cells, 684-686 
Trypsin solution, 69] 
Tryptone soya broth, Neisseria 
fonorrhoeae Storage, 288 
Tryptone Water, 912 
Tryptophane, culture media, 102 
Tsetse fly, African sleeping sickness, 
727 
Tsukamurella Paurometabola, 354 
Ith polymerase, 227 
Tube agp) utination, 180-18] 
Shigella, 41} 
Tube coagulase test, Staphylococcus, 
255-256 
Tuberculosis 
female genital tract, 74 
fluid aspirates, 7] 
laboratory-acquired infection, 38 
laboratory Policy, 64 
meningitis, 77 
cerebrospinal fluid, 80 
skeletal, 67-68 
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staff immunization, 47 

urine specimens, 86 
Tubes . 

in centrifuges, 846 

culture media, 98 

enzyme immunoassay, 185—] 86 

inoculation, 115 ; 
Tube test, soluble haemagglutinin, 147 
Tularaemia, 479, 486-487 
Turbidity measurement, 848, 850-85] 

milk, 895 
Turnaround times, 14, 648 
TWAR (Chlamydia pneumoniae), 623 
Tween 20, 186 
Tween 80, anaerobic. bacteria, 507 
Tween 80 hydrolysis see Esterase 

Production 

T'wo-layer plates, Gardnerellg vaginalis, 
457 


Two-step glutaraldehyde method,- - 
conjugation for enzyme 
immunoassay, 187 

Two-way Southern transfer, 220 

Tyndallization > 98, B15 

test carbohydrates, 132 

Typhoid fever : 

ciprofloxacin, 393 

laboratory diagnosis, 394 
Typhus, 575 

laboratory diagnosis, 585 

Typhus group, rickettsias, 573, 574 
(Table) 

Tyrosine 

Clostridium histolyticum, 526 
Pseudomonas cepacia, 420 


Uicers, penis, 76 
Ultracentrifuges, 846 
Ultra-deep freeze refrigerators, 125 
Ultra-heat-treated milk, 893 
Ultraviolet lamps, safety cabinets, 46 
Ultraviolet light 
anaerobic bacteria, 501 
large-plate diffusion assay, 17] 
Mycobacterium killing, 330 
Sterilization, 825 
Umbeliiferyl-B-galactoside, for antigen- 
Capture EIA, 658 
United Kingdom 
legal requirements, experimental 
animals, 865-866 
water quality Standards, 89] 
see also British Standards 
Units 
length, 853 
Lf, precipitin reaction, 857-858 
Pressure, 830 
Universal containers, 95 
Unwrapped non-porous ites, 
autoclaving, 818 
Updates, computer systems, 3] 


- Upper respiratory tract infections, 


56-57 
adenoviruses, 638 


UPTC variety, Campylobacter, 435 . 
Uracil N-glycosylase method, amplicon 
removal, 227,232 ~~ 
Urea broth, Salmonella, 395 
Urea hydrolysis 
oxidative actinomycetes, 358 
Vibrio parahaemolyticus, 428 
Ureaplasma, 592 
culture media, 602 
genital tract, 600-60] 
U. parvum, 395-596 
U7. urealyticum, 62, 76, 594 (T able), 
595-596 
bacterial vaginosis, 73 
Ureaplasma medium, 612 
Urease (tests), 141~142, 307 
anaerobes, 509 ; 
biopsy, Helicobacter pylon, 440 
Cryptococcus, 70] , 
Haemophilus influenzae, 45] (Table) 
Staphylococcus, 257 
test media for Mycoplasma, 612 
yeasts, 700 (Fig.) 
Urethra 
discharge, examination, 76 
male, commensals, 77 
swabs 
Chlamydia, 625 
viruses, 644 
Trichomonas vaginalis, 729 
Urethral syndrome see Non-bacteria| 
urethritis 
Urethritis 
male, 76 
Ureaplasma urealyticum, 595 
urine specimens, 86 
see also Non-gonococca] urethritis 
Urgent reports, 14 
Uric acid, joint aspirates, 69 
Urinary tract infections, 84—90 
enterobacteriaceae, 376-377 
Escherichia colt, 364 
M ‘ycobacterium, 332 
Prevotella, 504 
Proteus mirabilis, 372 
Staphylococcus Saprophyticus, 25] 
Urine 
Chiamydia, 625 
containers, 95 
filtration, Schistosoma haematobium, 
771 


helminths, 758--759 
Leptospira, § 61, 567 
Microscopy, 86-87 
mycology, 699 
Salmonella, 398 
Sem1-quantitative culture, 87-88 
Staphylococcys 
coagulase-negative, 252° 
novobiocin sensitivity, 255 
Streptococcus pneumoniae, 278 
Trichomonas vaginalis, 729 
viruses, immunofluorescence, 660 
Use concentrations, disinfectants, 826 
Uta, 724 


! 


5 | a on = 
Ve 


E 7 ie oat 


Se ee ST 


“Tit, 


$$ $s nex 


Utane branches, Taenta, 771 
Utus, sepsis, 73, 75 
Utikation tests, 136-137 


Vacination, Haemophilus influenzae, 
45] 
Vactines 
oi enzyme-linked immunosorbent 
assays, Bordetella pertussis, 470 
immunizing doses, measurement, 
862 
Qfever, 577 
Vacinia, staff immunization, 47 
Vacitainer Culture Tube System, 122 
Vacuum filters, 825 
Vacuurn-packed cooked meats, 
902-903 
Vagina 
commensals, 74 
discharge, 73 
Gardnerella vaginalis, 456 
Enterobius vermicularis, 765, 
flora scoring system, 458° 
Vaginitis, Trichomonas vaginalis, 
729-730 
Valves, prosthetic, endocarditis, 55 
Vancomycin 
assays, 171 
Glostridium difficile, 541 
Enterococcus, 269 
Helicobacter pylori culture, 440 
hypersensitivity, Neisseria 
gonorrhoeae, 289 
large-plate diffusion assay, 171 
preparations for sensitivity tests, 160 
(Table) 
resistance 
control organism, 154 
Staphylococcus, 250 
selective buffered charcoal yeast 
extract agar, Lepionellaceae, 495 
sensifivity tests, 155 
standard solutions, 172 
Staphylococcus aureus, 248 
Thayer-Martin medium, 290 
V antigen, Yersimia pestis, 481 
Vapours, toxic, disinfectants, 826 
Variance, 855 
Varicella, 72 
Varicella~zoster virus, 642-643 
infections, 65] (Table) 
V-box, intravenous injections, rats, 
. 880 
VDU formats, 28-2 
Vectors ; 
xenodiagnosis, 723 
see also Lace; Ticks 
Vegetables, frozen, 901 
Vegetations, endocarditis, 55 
Vegetative forms, removal, 120-121 
Veillonella, 506 
identification, 513 (Table) 
V. parvula, 507, 518 (Table) 
Velocity constants, disinfectants, 826 
Venepuncture, blood culture, 121, 122 


Venereal Diseases Research Laboratory 
test, 552-553, 554, 555 
Vented Petn dishes, 97 
Ventilation, containment level 3, 43 
Vero cell cultures, 676 
Vero cytotoxin producing E. coh, 82, 
365 (Table), 366 
0157, isolation, 381 
on SMAC agar, 380-381 
Veronal buffer, 838 
Veronal-sodium chloride diluent, 
841-842 

Verruga peruana, 574 (Table), 576 

Vertical rotors, centrifuges, 846 

Vesicles, virology specimens, 664 

V factor, Haemophilus, 449, 453, 463 

V forms, Salmonella, Typhi, 391 

Viability testing, cell cultures, 681 

Viable counts, 849-850 

Vi antigen 
agglutination tests, 181, 182-183 
Salmonella, 181, 390-39] 

Vibrio, 425-430 
methods, 442-444 
us other aerobic Gram-negative 

bacilli, 362 (Table) 
species characters, 425, 429-430 
V. cholerae, 83, 425-428 
V. parahaemolyticus, 82, 426, 
428-429 
food testing, 907 
see also Campylobacter 
Video cameras, breakpoint testing, 166 
Videos, laboratory animal 
management, 88] 

Vietnam time bomb, 419 

Vincent's infection (angina), 59, 67 
Borrelia vincentii, 562, 564 
laboratory diagnosis, 564-565 
Prevotella, 504 

Violence, animal rights groups, 866 

Violet dyes, Gram stain, 797 

Violet red lactose agar, 913-914 

Vi-phage U, Salmonella, Typhi, 393 

Viral cytopathic effect see 

Characteristic viral cytopathic 
effect (CPE) 

Viridans group see Streptococcus, 

viridans types 

Virkon, 828 
Mycobacterium, 332 

Viruses, 637-692 
cerebrospinal fluid, 78 
complement fixation tests for, 

193-194, 200 
contamination of cell lines, 609 
cultures, 675-692 
diarrhoea, children, 81 
disinfection of spillages, 827 - 

. infective myopericarditis, 56 
infectivity titrations, 857 
laboratory diagnosis, 637-653 
meningitis, 77 
nucleic acid techniques, 235-240 
rapid diagnosis, 655-673 
rashes, 72 


respiratory infections 
lower, 62,'66 
upper, 57, 59-60 
RNA, dot blot hybridization, 219 
skin, 67 ; 
specimens, 664 
stocks, 686 
. ltration, 688 
throat infections, 59-60 
titration, 686-688 
Virus neutralization (tests), 688-689 
containers for, 680 
Virus transport medium, 683 
Visceral larva migrans, 767 
Visceral leishmaniasis, 724-725 
Visceral peliosis, Rochalimaea henselae, 
574 (Table), 576 
Viscous samples, homogenization, 665 
Visuwell Syphilis Antigen EIA, 552 
Vital blood culture system 
(bioMérieux), 124 
Vitamin K3 see Menadione 
Vitamins, Gardnerella vaginalis, 457 
Voges—Proskauer positive 
enterobacteriaceae, 363 
Voges—Proskauer test, 136, 272 
Volumetric glassware, sterilization, 843 
Volutin granules 
C. diphtheriae, 299 
staining for, 803-804 
Vomitus 
Bacillus cereus, 324 
Salmonella, 398 


W antigen, Yersinia pestis, 481 
Warm rooms, 116 
Warthin-Starry silver impregnation, 
Leptostira, 560 
Washer disinfectors, 814-815 
testing, 829-830 
Washes 
of contaminated materials, B. 
anthracis diagnosis, 322 
HBV DNA dot blot, 671 
Washing 
bacteria and cells, use of centrifuges, 
847 
enzyme immunoassay, 186 
hands, 39, 828-829 
Wasserman tubes, Minitest systern, 
anaerobes, 508 
Waste disposal see Disposal procedures 
Water, 840 
culture media component, 101 
Enterococcus, 269 
examination, 883-892 
pathogens, 891—892 
Naegleria fowlen, 731 
for nucleic acid techniques, 210 
pressure filtration, 825 
protozoa, 891 
quality standards, 891] 
sedimentation of faeces in, for 
helminths, 769 
Water-baths see Boiling (100°C) 
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Water cress, 903 

Water of condensation, 99 

Water purification apparatus, cell 

cultures, 679-680 a 

Water systems, Legionella, 493, 494 

Weak acids, buffers, 837 °° 

Weak fermentation, Salmonella, 388 

Weight, cultures, 850 

Weil-Felix agglutination reaction, 579, 
582 | 

Weil’s disease, 559 

Wellcogen Streptococcus pneumoniae 
kit (Murex), 278, 280-281 

Well-inoculum, 114 

West Africa, Onchocer-a volvulus, skin 
snips, 773 

Western blotting, congenital syphilis, 

- . 556 


‘Wet films 


cerebrospinal fluid, 78 
faecal specimens, 81 
genital infectioris, 74 
India ink method for capsules, 
804-805 
_ motility, 146 
urine, 84, 87 
Wet-mount flagellar stain, 805-806 
Wet mounts, protozoa, 737 
faeces, 740 
Wet steam, 815 
Wet weight, cultures, 850 
W forms, Salmonella, Typhi, 391 
Wheatiey’s rapid light green stain, 74] 
Whirlpool rash, Pseudomonas 
aeruginosa, 414 
‘White fluids’, 827 
White rats, Yersinia pestis, 482 
Whitlows, herpetic, specimen 
collection, 664 


_ Whole-organism sugars, 


actinomycetes, 355 
Whooping cough 
antibiotics, 467 
laboratory diagnosis, 468-469 
pernasal swabs, 60, 96, 468-469 
Widal test, 182, 394; 398 
Wild-type hepatitis B carriers, 238 
Wilkins-Chalgren agar, disc diffusion 
tests, 153 
Willis & Hobbs medium, 533 
Wilson & Blair’s brilliant-green 
bismuth sulphite agar, 
‘Salmonella, 386, 399-400 
Windows operating systems, 21 
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Wolinella, 441-442, 507, 516 (Table) 
W’. succinogenes, vs Helicobacter, 440 
(Table) 
see also Campylobacter, C, curvus; 
Campylobacter, C. rectus 
Wood’s light 
anaerobic bacteria, 501 
superficial mycoses, 707 
Working conditions, 46 
Workload 
laboratory, 3, 647 
statistics reporting, 30 
sub-division, 6 
Worksheets, 24 
Work surfaces, disinfection, 49, 50, 827 
World Health Organization 
bioassays, standards, 854 
Brucella, prototype strains, 476-477 
Wound botulism, 543 


Wound infections, 66—67 


clostridia, 521-535 
enterobacteriaceae, 377 
Wounds 
laboratory-acquired, 829 
swabs, coagulase-neganve 
Staphylococcus, 252 
Wuchereria, 773 (Table), 774 (Table) 
W. bancrofti, 767 
Giemsa’s stain, 772 
microfilariae, 777 (Fig.) 
urine samples, 759 


Xanthochromia, cerebrospinal fluid, 78 
Xenodiagnosis, vectors, 723 
Xenopsylla cheopsis (rat flea), 479 
Nenorhabdus, 376 

X. luminescens, 374 (Table) 
X factor, Haemophilus, 449, 453, 463 
Xylan, for anaerobes, 509 
Xylene, 795 
Xylol, agglutination tests, 182 
Xylose fermentation, Shigella, 406 
Xylose lysine deoxycholate agar 

(Taylor) 

Escherichia, 364 

recipe, 364, 400 

Salmonella, 386, 394-395 

Shigella, 386, 405 


Yaws, 549 
Yeast dialysate, Modified New York 
City medium, 294 





Yeast extract, 102 AE eT IEn, 
Mycoplasma, culture media, 602 | 
standard solid medium, Mycoplasma 

610 

Yeast extract agar, 325,914 ° 

Yeast-extract-ammonium slants, - 

Bacillus, 327 . 

Yeasts, 697-703 
colonies, 699 ; 
superficial infections, 703, 709 
upper respiratory tract, 59 3 

Yellow fever virus, infections, 652 

(Table) 

Yemen, Onchocerca voluulus, skit. 
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Yersinia, 479 
biochemistry, 363 (Table) 

Y. enterocolitica, 83, 479, 480 
(Table), 483-485 mi 

food testing, 907 

Y. frederiksemi, 484. | 
Y. intermedia, 484 
Y. kristenseni, 484 
Y. pestis, 479-482 
Y. pseudotuberculosis, 480 (Table), | 
482-483 | 
Yokenella regensburgei see Koserella | 
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Zeta-probe membrane, HBV DNA dot 
blot, 669 | 
Zichl-Neelsen stain, 333, 338-339 
acid-fast bacilli, 800-802 
Bacillus, lipid granules, 317 
Brucella, 473 | 
method A, 801-802 
method B, 802 | 
modified + 
faeces for protozoa, 741 
for spores, 804 
Mycobacterium, 332-333 
weakly acid-fast organisms, 802 
Zinc-copper precipitant, phosphatase | 
test on milk, 894 | 
Zinc sulphate flotation, helminth ova, | 
769 
Zonal centrifugation, 847 
Zone size, antibiotic sensitivity testing, 
157, 159 | 
Staphylococcus, 232 : 
Zoonoses, protozoa, 722 
Z values, spores, 831 
Zwitterionic buffers, 839 , 
see also HEPES zwitterionic buffer | 
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